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Abstract

We report a 3D Euler-Lagrangian CFD model to quantify the dispersion and transport of aerosols in a moving, semi-open
auto rickshaw. The vehicle has a driver at the front, with two passengers seated behind in the rear section. This mode of
transport is commonly seen in developing countries across Asia and Africa. Aerosol particles are generated due to the con-
tinuous, unmasked speaking of a passenger inside the auto rickshaw. The Eulerian portion of the model has been validated
against reported experimental data on flow fields in enclosures with and without obstacles. Three RANS-based turbulence
models—standard k-¢, realizable k-¢, and SST k-w—are compared with experimental data, and the standard k-e model is
found to be the most suitable. Since the sides of the auto rickshaw are open, there is significant air exchange with the sur-
roundings, which greatly affects the spread of aerosol particles. The presence of a partition between the driver and the pas-
senger compartment reduces the probability of infection transmission from 1 to 0. A decrease in the auto rickshaw's speed
from 60 to 20 km/h also reduces the probability of spread from 1 to 0. Additionally, a lateral wind (perpendicular or oblique
to the direction of travel) further decreases the probability of transmission from 1 to 0. For all cases, the face velocity for all
passengers is computed. The state of dispersion is significantly influenced by the location of aerosol generation. The relative
importance of the different scenarios studied is quantified. Finally, a set of recommendations is outlined and compared with
those reported for other modes of public transport.
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Introduction through transport of aerosols and was airborne (Wong et al.

2022). If anything the entire world had united upon for once,

COVID-19 is arguably the most severe crisis the world has
faced in at least four generations. As of October 2024, it has
killed over 7.01 million people and infected over 704 million
(Worldometer 2023). In early phase of the disease, COVID-
10 had a case fatality rate (CFR) of ~20% of all hospitalized
cases (Wang et al. 2023). As the virus mutated evolving over
time into Omicron variant, CFR reduced significantly by as
much as 96.8% (Horita and Fukumoto 2023). However, the
variant was more contagious and overwhelmed containment
strategies in densely populated parts of the world (Xu et al.
2023). Like its predecessor variant, Omicron also spread
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it is the urge to defend mankind form this disease.

Apart from the extensive research efforts in medicine,
virology, and healthcare, significant work has also been con-
ducted to understand how COVID-19 transmits and infects.
It is well established that the primary mode of COVID-19
transmission is through aerosols and droplets expelled when
an infected person sneezes, coughs, speaks, or sings. Track-
ing the movement of virus-laden aerosols in enclosed spaces
such as rooms, classrooms, and hospital wards is a complex
fluid dynamics problem, as droplet dispersion depends on
airflow patterns within the space. Furthermore, these drop-
lets evaporate over time, leaving behind tiny nuclei that,
due to their extremely small size, can remain airborne for a
significant duration (Liu et al. 2017). Computational fluid
dynamics (CFD) simulations are instrumental in analyzing
the spread of droplets and aerosols in different environ-
ments. Numerous studies have been conducted in this area.
For instance, Ji and colleagues simulated the dispersion of
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tiny droplets in a room with different ventilation systems
(Ji et al. 2018). Dbouk and Drikakis simulated the spread
of tiny droplets generated by a coughing event in an open
environment under different wind and relative humidity con-
ditions (Dbouk and Drikakis 2020a). Subsequently, the same
researchers conducted similar simulations while considering
the effect of a face mask worn by the coughing individual
(Dbouk and Drikakis 2020b). Li and colleagues modeled the
dispersion of tiny droplets while accounting for differences
in humidity between exhaled and environmental air, assum-
ing quiescent air conditions (Li et al. 2018). Sen performed
numerical simulations to examine the spread of droplets pro-
duced by a coughing event inside an elevator (Sen 2021).
Sen and Singh further reported numerical simulations of
droplet transmission and evaporation during doorstep inter-
actions between two individuals under varying wind and
ventilation conditions near the door (Sen and Singh 2021a).
The efficacy of face masks in preventing the spread of cough
droplets inside a room has been evaluated using a 3D CFD
model (Liu et al. 2022). Additionally, improved droplet dis-
persion inside a hospital ward in the presence of ventilation
has been analyzed using a 3D CFD model (Song et al. 2023).
In the above studies, the evaporation of the liquid component
of cough droplets was considered. However, since the liquid
content evaporates quickly, what remains are micron-sized
nuclei. These tiny particles or aerosols can be transported
over long distances by ambient airflow. Several studies have
focused on the transport of such aerosols in different sce-
narios. Won and colleagues developed a CFD model to study
the impact of room airflow on the performance of an upper-
room UV germicidal irradiation system (Won et al. 2023).
Saw and colleagues reported a CFD model predicting aero-
sol transport inside a hospital ward under different exhala-
tion scenarios and varying chilled air supply rates (Saw et al.
2021). A comprehensive review on the dispersion mecha-
nisms of virus-laden aerosols inside a hospital ward, along
with various numerical approaches for their quantification,
has also been published (Tan et al. 2022). The authors used
a Lagrangian approach to track aerosol particles. A CFD-
based study quantified aerosol transport inside a three-
dimensional classroom, demonstrating how air purifiers can
help reduce transmission risks (Abuhegazy et al. 2020). The
transport and dispersion of virus-laden aerosols inside an
air-conditioned restaurant have also been simulated, where
turbulence in the computational domain was modeled using
the LES technique (Liu et al. 2021). Similarly, a 3D CFD
model was used to study aerosol transmission and disper-
sion inside a music classroom, revealing how air purifier
placement and aerosol generation rates influence dispersion
patterns (Narayanan and Yang 2021). The effect of fresh air
exchange rates on the dispersion and spread of virus-laden
aerosols inside underground metro passenger wagons has
also been investigated (EI-Salamony et al. 2021).
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Studies on the spread of droplets and aerosols inside vari-
ous modes of public transport have also been reported. Yang
and colleagues simulated the transmission of evaporating
micron-sized cough droplets inside an air-conditioned coach
bus (Yang et al. 2020). Zhang and Li examined the spread
and dispersion of cough droplets inside a high-speed rail
cabin, which was also air-conditioned (Zhang and Li 2012).
A CFD model was developed to quantify the dispersion and
spread of airborne contaminants inside a passenger aircraft
cabin during the ascent phase of flight (Elmaghraby et al.
2020). Similarly, Talaat and colleagues used a CFD model to
study aerosol transport inside a Boeing 737 aircraft (Talaat
et al. 2021). The spread of coronavirus-laden aerosol par-
ticles inside a poorly ventilated car was simulated using a
3D CFD model (Sarhan et al. 2022). The study found that in
such an environment, it takes approximately 6.38 min for an
infected driver to transmit the virus to passengers. Addition-
ally, airflow patterns inside aircraft cabins and the distribu-
tion of vortices in long, narrow confined spaces, such as air-
plane cabins, have been analyzed. Mboreha and colleagues
proposed a novel personalized ventilation system for aircraft
to reduce the dispersion and spread of virus-laden particles
(Mboreha et al. 2022). In all these cases, the vehicles were
air-conditioned, meaning there was no exchange of air with
the external environment. While numerous studies have used
CFD to predict the dispersion and transmission of aerosols
(as well as evaporating droplets) in public transport settings,
nearly all of them have focused on enclosed, air-conditioned
environments.

Mathai and colleagues developed a CFD model incorpo-
rating a species transport equation to predict the spread of
pathogenic aerosols inside a car (Mathai et al. 2021). They
modeled two individuals seated diagonally opposite each
other and examined the effect of opening the windows on
aerosol transmission. More recently, we reported an Euler-
Lagrangian CFD model to quantify aerosol transmission and
dispersion inside a moving sports utility vehicle (SUV) with
open windows, allowing for air exchange between the vehi-
cle's interior and the external environment (Sen and Singh
2021b).

In this study, we analyze the transmission of droplet
nuclei (post-evaporation) inside a moving auto rickshaw—a
common mode of transport in many Asian (including India)
and African countries. The majority of research on aerosol
transmission has focused on air-conditioned transportation
systems such as trains, buses, aircraft, and cars. However,
to the best of our knowledge, no study in the open literature
has investigated a transport mode as simple and widespread
as the auto rickshaw. Auto rickshaws are primarily used in
densely populated countries where medical infrastructure
is often limited. Therefore, understanding the mechanisms
of aerosol transport and dispersion in such commonly used
vehicles is crucial. This study aims to address this research
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gap. While extensive research has been conducted on droplet
and aerosol transport in enclosed, controlled environments,
our work is the first to examine aerosol dispersion inside a
semi-open auto rickshaw. This novelty forms the key con-
tribution of our study. We consider an auto rickshaw with a
semi-open configuration that allows significant air exchange
with the surroundings. The study focuses on how aerosol
dispersion is influenced by this continuous exchange of air
between the interior of the auto rickshaw and the external
environment. Unlike air-conditioned trains, buses, and air-
craft, the interior of an auto rickshaw is not isolated; instead,
air flows freely in and out. Understanding this interaction
is essential for evaluating the potential spread of airborne
pathogens in such transport settings.

The objective of this study is to understand how tiny
aerosols disperse inside a moving auto rickshaw carrying
one driver and two passengers seated in the back row. The
airflow inside and outside the rickshaw is captured using a
3D Eulerian approach, while aerosol dispersion—resulting
from one of the three individuals speaking—is modeled in a
Lagrangian frame. It is assumed that aerosols (micron-sized
nuclei) are generated due to continuous, unhindered speech
by the driver or one of the two unmasked passengers seated
behind. Aerosol ejection occurs in a horizontal plane, with a
fixed particle diameter. The evaporation of the water fraction
1s not modeled, as it occurs on a timescale much smaller than
the subsequent dispersion of the resultant aerosol particles.
We compare two scenarios: one with a partition between
the driver and passenger compartments and one without.
Additionally, we examine the effects of vehicle speed, the
location of the aerosol source, and the influence of lateral
wind gusts on aerosol transport. The probability of infec-
tion spread is quantified for all cases. Finally, we propose a
set of recommendations to minimize infection transmission
in a moving auto rickshaw and compare our findings with
observations reported for other modes of public transport.

Numerical model
Computational domain

Figure 1 illustrates the computational domain used in this
study. The model considers a three-seater auto rickshaw with
separate driver and passenger compartments. The sides of
the auto rickshaw are completely open, allowing for sig-
nificant air exchange with the surroundings. The compu-
tational domain includes both the vehicle and a portion of
its surrounding environment. The surrounding enclosure
is a rectangular box with dimensions 8 X5 X3 m, which
is larger than the vehicle itself. It is worth noting that the
length of the surrounding enclosure considered in this study
is shorter—particularly downstream of the vehicle—than

what is typically required for estimating a vehicle's drag
coefficient. In such cases, it is crucial to capture the entire
length scale of eddies generated in the wake of the vehicle.
However, in this study, our primary focus is on tracking aer-
osol dispersion in and around the auto rickshaw rather than
evaluating aerodynamic drag. The auto rickshaw is assumed
to be traveling in a straight path without taking any turns.
The driver is centrally positioned in the driver’s compart-
ment, while two passengers are seated in the passenger com-
partment. To maintain computational efficiency, a simplified
human body representation (in a seated posture) has been
used. A rectangular mouth opening has been modeled based
on the approach used in previous studies (Dbouk and Drika-
kis 2020a, 2020b). Two different geometrical configurations
are analyzed: one with a partition between the driver and
passenger compartments and one without.

Governing equations, initial and boundary
conditions

An Euler-Lagrangian approach is used in this study. The
airflow inside and outside the auto rickshaw is first modeled
in an Eulerian reference frame. As the auto rickshaw moves
forward at a finite speed, boundary layer separation occurs,
generating eddies that facilitate significant air exchange
between the interior and exterior of the vehicle. Turbulence
within the computational domain is captured using the Reyn-
olds-Averaged Navier—Stokes (RANS) approach. Although
RANS-based turbulence modeling is simpler compared to
more advanced techniques such as Large Eddy Simulation
(LES) or Direct Numerical Simulation (DNS), it has been
widely validated and proven effective for a broad range of
practical applications with reasonably good accuracy (Baker
et al. 2023).

Table 1 lists the governing equations used in this work.
The Eulerian solution is arrived by solving conservation of
mass and conservation of momentum equation (Egs. 1 and
2 in Table 1). Turbulent shear stress term (7) required for
closure is dependent on turbulent viscosity (up). Hr is
dependent on local values of turbulent kinetic (k) and dis-
sipation rates (¢). In order to estimate the values of k and &,
separate conservation equations for k and e are solved
(Egs. 4 and 5). Though three different RANS turbulence
models are tested in this work, equations shown in Table 1
are that of standard k-¢ model as it is seen to outperform
others (“Validation of computational approach” section).
Solution of Egs. (1)-(7) generates the steady-state flow field
in the enclosure around the auto rickshaw. Once the flow
field is established for a given scenario, the micron-size
aerosols are injected into the computational domain. These
aerosols generated due to speaking of a person are treated as
discrete particles using a Lagrangian approach. The spatial
movement of aerosol particles due to prevailing
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(a)

(d)

Fig. 1 A typical computational domain used in the numerical simula-
tions. (a) shows the isometric view of the overall domain, (b) shows

0.5
E@ /vAuto driver (A)

Passenger C

Passenger B b ™

(b) (c)

~ - 40.8mm

(e)

a part of the top view along with relevant dimensions, (c¢) shows the of face considered for calculation of face-averaged velocity
isometric view of the seating arrangement along with passengers in

Table 1 The governing equations solved

the auto rickshaw, (d) shows close-up of the face of a passenger a slit
on which is used to define inlet boundary for aerosols, and (e) region
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aerodynamics is captured by integrating the equation of
motion of each particle (Eq. 8 in Table 1). The velocity field
(1) used in Eq. (8) is obtained from solution of Egs. (1)—(7)
(one-way coupling). In Eq. (8), md% represents particle
acceleration. The term ( Py — p) g is the gravitation force act-
ing on the particles while % |'@ —1i| (ug — ) represents
the drag force acting on the particles. Drag force has been
quantified using Schiller—Naumann drag law (Sen 2021; Sen
and Singh 2021a) and is shown in Table 1 as Eq. (9).

Density and viscosity of continuous medium (air) used in
Eulerian part of the simulation are considered to be 1.19 kg/
m? and 0.018 cP, respectively. Mouth of a person is modeled
as a rectangular slit (Dbouk and Drikakis 2020a). Diameter
of the aerosol particles of interest are typically in the range
of 1-10 pm (Narayanan and Yang 2021). We have consid-
ered a fixed aerosol particle diameter of 10 um in this work.
Evaporation of the liquid component of the ejected particle/
drop is not modeled as time scale of evaporation is negligi-
bly small compared to that of resultant aerosol nuclei. Only
one-way coupling between the Lagrangian particles and the
Eulerian flow field is considered (Abuhegazy et al. 2020).
The number density of particles coming out of the mouth
while speaking is considered to be 570 particles per second
(Narayanan and Yang 2021). The velocity with which these
particles are ejected is considered to be 0.16 m/s (Naray-
anan and Yang 2021). Particle density is considered to be
1000 kg/m?. This is because the aerosol essentially represent
the remains (salt) of the respiratory droplets after complete
and quick evaporation of the water content. After being
released, these particles get entrained in the prevailing aero-
dynamics and spread across the computational domain. Drag
force acting on the aerosols has been modeled using the
law proposed by Schiller and Naumann (Eq. 9 in Table 1).
Particles falling onto any surface get “trapped” on to the
surface while a “disappear” boundary condition is defined
at outflows.

Results and discussion
Grid independence test

The geometry of the auto rickshaw allows for significant
exchange of mass and momentum between its interior and
the surrounding environment. This interaction leads to
boundary layer separation and the formation of vortices.
To accurately capture these flow characteristics, a suffi-
ciently refined mesh is required. It is essential to deter-
mine the optimal mesh density—one that is fine enough
to resolve intricate flow details while avoiding excessive
computational costs. To achieve this balance, four differ-
ent mesh densities, ranging from 5829 to 26,454 cells/m?,

were tested. In all cases, refinements were applied near
walls and sharp corners to enhance accuracy. The key
parameter tracked for mesh validation was the velocity
along line GG (a horizontal line spanning the width of the
computational domain), as illustrated in Fig. 2.

Line GG is located just behind the driver’s seat and was
chosen due to the presence of sharp velocity gradients both
inside and outside the rickshaw, as well as the formation
of vortices. The results indicate that at lower grid densi-
ties (8529 and 10,750 cells/m?), the vortices are not well
resolved. Instead of capturing two distinct vortices, the
simulation predicts a single merged vortex. However, for
higher grid densities (15,707 and 26,454 cells/mS), both
vortices are accurately resolved, and the results are nearly
identical. Additionally, the effect of grid refinement was
analyzed along line HH (a horizontal line along the length
of the computational domain) and line II (a vertical line
passing through the passenger compartment). Across most
regions, the local velocities predicted using a grid den-
sity of 15,707 cells/m? closely match those obtained with
26,454 cells/m?, indicating that further refinement does
not significantly alter the results. Thus, a grid density of
15,707 cells/m? is deemed sufficient and has been used for
all simulations in this study.

To quantitatively validate the suitability of a grid den-
sity of 15,707 cells/m? in this study, we also estimated the
Grid Convergence Index (GCI). The pressure drop across
the front and rear surfaces of the auto rickshaw was meas-
ured at four different grid densities while keeping the vehicle
speed fixed at 60 km/h and no partition between the driver
and passenger compartments. The recorded pressure drop
values were 143.271, 142.959, 144.61, and 144.663 Pa for
grid densities of 8529, 10,750, 15,707, and 26,454 cells/m?,
respectively.

Using this data, GCI was calculated based on Eq. (10).

. . Fy€rmsiv1.i
GCI(i +1,i) = —Zais

1"( 02-01 > (10)

p (order of convergence) = —2=2

In(r3,)

F, is safety factor (taken as 1.25 here), r(i +1,i) is refine-
ment factor between one pair of grid density (=N, /N,), and
€,ms(i + 1,0) is relative difference between the corresponding
pressure drop values (=abs(0;,; —0,)). N; and O, are the
grid density (cells/m*) and computed pressure drop in i-th
grid trail (i=1, 2, and 3).

GCI for a grid refinement from 8529 to 10,750 cells/m>
is 0.219 (21.93%). GCI for grid refinement from 10,750
to 15,707 cells/m? is 0.4775 (47.75%), while GCI for the
final leg of refinement (i.e., 15,707 to 26,454 cells/m?) is
0.007397 (0.739%) which quantitatively proves that a grid
density of 10,750 cells/m? is sufficient as GCI for this refine-
ment is less than 5%.
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Fig.2 Results of grid independence test
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Validation of computational approach

In this section, we validate the accuracy of the CFD model
by comparing its predictions of local velocity in a cubic
enclosure with experimental data reported by Wang and
Chen (2009). In their study, Wang and Chen used a cubical
test room measuring 2.44 x2.44 x2.44 m. Air entered the
room through a full-width inlet slot (0.03 m wide) near the
ceiling and exited through a full-width exhaust slot (0.08 m
wide) near the floor on the opposite side. The supply air was
delivered through a pressure plenum, ensuring a stable and

Fig.3 a Computational domain
showing four measurement
locations. b Comparison of
velocity profile predicted by
CFD model against reported
experimental data for points 3,
5,6,and 10

Air exit
(Boundary condition:
Pressure outlet)

-—

Line (Point-6)

uniform velocity across the entire width of the inlet slot. The
airflow rate was 0.10 m>/s. Local velocity measurements
were taken at four different points inside the enclosure using
ultrasonic anemometers. We have used this dataset to validate
the predictive accuracy of our CFD model. Other research-
ers, such as Horikiri and Yao (2011), have also used this
dataset to validate CFD simulations. The model replicates the
exact room dimensions, including the precise locations of the
inlet and exhaust slots. Figure 3a illustrates the geometry, the
measurement points/lines, and the boundary conditions used
in the simulations. Three different RANS-based turbulence

X (m) 1.2192 1.2192  2.2114  0.3826
Y (m) 1.143 2.0574  1.2192 1.2192

Z=0to 2.44 m for all cases

o

Line (Point-10)

(a)
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1 1
A Experiments (Wang and A Experiments (Wang and Chen,
Chen, 2009) 2009)
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A Experiments (Wang and Chen, A Experiments (Wang and Chen,
2009) 2009)
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—~ 06 1 ——CFD-realizable k-eps —~ 06 ——CFD-realizable k-eps
L 04| —CFD-sST L 04 | —CFD-SST

0 02 04 06 08 1 12
u/u_max (-)

Point-6

Fig.3 (continued)

closure models, namely, standard k-¢, realization k-¢, and
shear stress transport k-@ (SST k-w) turbulence model, have
been compared for their predictive ability.

As seen in Fig. 3b, the CFD-predicted velocity profile
closely matches the experimental data, particularly for the
classical standard k-e model. This agreement is especially
evident at points 6 and 10. The SST k-w model also performs
well, but its predictions exhibit oscillations in the velocity
profile that are not observed in the experimental data (nota-
bly at points 6 and 10). On the other hand, the realizable
k-e model underpredicts local velocity at these points. The
standard k-e model also demonstrates strong performance for
the other two measurement points. Based on this analysis,
the classical standard k- model is chosen for further simula-
tions. This study validates the reliability of CFD simulations
in predicting the spread of respiratory aerosols inside and
outside the auto rickshaw as considered in this work.

In addition to validating the flow field inside an empty
enclosure with air inlet and exhaust, we present a second vali-
dation case where the modeled geometry includes a cubical
object inside the enclosure. The presence of this 4 x4 x4 ft
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08 1 12

0 02 04 06
u/u_max (-)

Point-10

(b)

cube distorts the flow field and causes boundary layer separa-
tion. This scenario is separately reported by Wang and Chen
(2009), who provide local velocity profiles at point 6, as illus-
trated in Fig. 4a. In our study, we simulate the movement of
the auto rickshaw by modeling a static auto rickshaw inside an
enclosure, with airflow directed through the domain to interact
with the vehicle. This setup is conceptually similar to air-
flow within a box interacting with a centrally placed cube, as
reported by Wang and Chen. The standard k- model is used
to quantify turbulence parameters in this case. The results,
shown in Fig. 4b, demonstrate a reasonably good agreement
between the CFD-predicted velocity profile and the experi-
mentally reported data (Wang and Chen 2009), further vali-
dating the suitability of our model for the current study.

Effect of partition between driver and passenger
compartment

As mentioned earlier, two geometries are modeled—one
where a barrier separates the driver compartment from the
passenger compartment and another where no such barrier
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Fig.4 a Computational domain
showing the measurement loca-
tion (point 6) and cube inside
box configuration. b Compari-
son of velocity profile predicted
by the CFD model against
reported experimental data at
point 6

Fig.5 Velocity contour

with stream lines for an auto
rickshaw a with and b without
partition between driver and
passenger compartments. Vehi-
cle speed is 60 km/h. Color bar
is in m/s
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AAWAW/

~
©

)

Speed of auto = 60 km/h

(b)

06
o5 Point-6 ® Experiment
’ —CFD
04
fo03
3
S o2
L]
01
0 . = S o o L4
0 02 04 06 08 1
yH ()

14
12
10

@ Springer



9112 Environmental Science and Pollution Research (2025) 32:9103-9124

Speed of auto = 60 km/h

———
~
————a—

T
-

e
i
-
S
A ) e
e
e

Bk
P
O T
DD 48
e
LSS
BT
%) -

P

I3
2
-ql
Oy

e e e e

% -
. ¥ ¥ {f
SN T \//f,;\'\ Q\\‘ i
,;r-.."a\
\\ VJ/{{‘D :( Y : ST f
PN S K {\ |- |
AN i \I\ N {
- ‘y - =
NNIRY 1 N
N :u} ﬁ‘\ 515
v \
) WWitdt
&
(with partition) (without partition)
(@) (b)
Speed of auto = 60 km/h
— 200 — —
187.66 TT ) f \ l ] teess [12%°
168.27 /A WY T
148.87 150 e —I 0 ;
A \ ) 148.16 150
= =\
: \ 1 iy ;
90.69 D \ ‘ H /) :Zi:s 100
71.29 NS S
51.9 50 51.45 50
32551 3211
13.11 12.77
-6.28 0 | 3 -6.57 9
-25.68 \ / -25.92
-45.07 50 s -50
-64.47 -64.6
-83.86 i
-103.25 -100 \ i::i; 100
-122.65 = ¥
14197 [
142,08 S Iy 50 | |
-161.44 i
-180.83 (B
(with partition) (without partition)

() (d)

@ Springer



Environmental Science and Pollution Research (2025) 32:9103-9124

9113

«Fig. 6 a Normalized velocity vector for moving auto rickshaw with
partition, b normalized velocity vector for moving auto rickshaw
without partition, ¢ pressure contour and iso-contours for moving
auto rickshaw with partition and d pressure contour and iso-contours
for moving auto rickshaw without partition. Auto-rickshaw speed is
60 km/h. No lateral wind. Pressure contour/iso-contour color bar is
in Pa

is present. Figure 5(a) and (b) displays the flow velocity
contours along with streamlines for both cases (with and
without a barrier). The contour plots (for velocity and pres-
sure) are taken in a horizontal plane that aligns with the
driver's mouth level.

The speed of the auto rickshaw is fixed at 60 km/h,
which is reasonably high for roads in congested urban cit-
ies in Southeast Asia and Africa. As the auto rickshaw
moves forward, the blunt surface of the vehicle (the wind-
screen) causes boundary layer separation. Due to this and
the open framework of an auto rickshaw, there is significant
air exchange between the interior and exterior. Comparing
the streamlines in the two cases—with and without a par-
tition—it is evident that in the absence of a partition, the
streamlines extend more freely between the driver and pas-
senger compartments. Figure 6(a—d) illustrates the normal-
ized velocity vectors, pressure contours, and iso-pressure
lines. The results are shown in a horizontal plane aligned
with the driver's mouth level. The vector plot (Fig. 6(a-b))
clearly demonstrates that air mixes freely between the two
compartments when no partition is present. Figure 6(c—d)
shows that the windscreen increases pressure just in front
of it, while a negative pressure region forms immediately
behind it. This pressure difference drives airflow into the
auto rickshaw. The pressure inside the passenger compart-
ment is lower (more negative) when no partition is present
compared to when one is installed. The predicted pressure
drop across the front and rear surfaces of the auto rickshaw
is 144.61 and 140.646 Pa for the cases without and with a
partition, respectively. However, there is little difference in
overall pressure drop across the vehicle. This is expected, as
the partition affects the internal flow field but does not sig-
nificantly alter the overall airflow around the auto rickshaw,
as seen in Fig. 6(a—b).

Face-averaged velocities (calculated over the front half of
the face, including the nose and mouth, as shown in Fig. 1)
are also estimated from the model. For the case without a
partition, the face-averaged velocities for passengers A, B,
and C are 1.40, 0.76, and 0.88 m/s, respectively. When a par-
tition is present between the driver and passenger compart-
ments, the corresponding values are 1.13, 0.88, and 1.00 m/s
for passengers A, B, and C, respectively. It is observed that
the local face velocity decreases for the driver (passenger A)
while it increases for passengers B and C when a partition
is introduced. This occurs due to the altered internal airflow
pattern created by the partition.

Now, suppose the driver in the auto rickshaw starts speak-
ing without wearing a mask. Particles (10 um in size) are
generated at a rate of 570 particles per second (Narayanan
and Yang 2021). These particles become entrained in the
prevailing airflow and disperse throughout the compart-
ments. Each passenger (excluding the speaking driver) is
assigned a risk parameter. A passenger is considered "at
risk" if any droplet is detected within an imaginary cubic
enclosure with a 0.4-m edge length, centered on the spheri-
cal head of a seated human. This qualitative risk param-
eter is labeled "safe" if no micron-sized droplets enter the
imaginary cube. However, if even one droplet enters this
space at any point, the risk status changes to "at risk." Fig. 7
illustrates the spread of these potentially virus-laden parti-
cles inside the auto rickshaw. When a partition separates the
driver and passenger compartments, the particles emitted
by the driver remain circulating within the driver's com-
partment for some time before exiting the vehicle without
reaching the passenger compartment. As a result, both pas-
sengers B and C remain safe (indicated in green). However,
in the absence of a partition, the particles recirculate within
both compartments, exposing both rear-seat passengers to
potential risk. In this scenario, the passengers in the back
seat are clearly not safe (indicated in red).

Effect of auto-rickshaw speed

In the previous section, we have seen that transmission
of micro-droplets is rampant in case there is no partition
between the driver and passenger compartment. The simu-
lations are reported for a rather high speed (for auto rick-
shaws traveling in a city/urban setting). In this section, we
simulate a condition wherein the speed of the auto rickshaw
is reduced to 20 km/h. Such a scenario is quite common in
traversing through crowded lanes/streets in an urban setting.
Figure 8(a—b) shows the velocity contour with streamlines
at a plane at the elevation of the driver’s mouth (source of
particles) for 20 and 60 km/h vehicle speed. Simulations
are for the case of no partition between driver and passen-
ger compartment. The results indicate that, for both speeds,
the nature of boundary layer separation and vortex forma-
tion is similar. The vortices primarily form on either side
of the auto-rickshaw frame, just behind the windshield,
and extend across both the driver and passenger compart-
ments. Although the axial span of the vortices is similar in
both cases, the radial span is slightly smaller when the auto
rickshaw is traveling at 20 km/h. This difference is clearly
illustrated in Fig. 8(c—d), which present the pressure contour
plot at the same plane. It can be observed that the extent of
negative pressure inside both the driver and passenger com-
partments is significantly greater at the higher speed. Con-
sequently, stronger winds rush inside with greater intensity,
leading to a slightly larger radial span of the vortices. The
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Both passengers safe

(with partition)

(a)

Both passengers unsafe

(without partition)

(b)

Fig.7 Top view of aerosol particle tracks for a partition between driver and passenger compartments and b without a partition between driver
and passenger compartments. Auto-rickshaw speed is 60 km/h. Color bar represents particle velocity in m/s

local flow velocity at each passenger’s face was also calcu-
lated. At an auto-rickshaw speed of 20 km/h, the predicted
velocities at the faces of passengers A, B, and C are 0.45,
0.23, and 0.27 m/s, respectively. In contrast, at 60 km/h, the
corresponding values increase to 1.40, 0.76, and 0.88 m/s.
This indicates that the local face velocities decrease as the
vehicle speed is reduced. A decrease in the pressure differ-
ential across the lateral surfaces of the auto rickshaw (i.e.,
the regions through which external air enters), as seen in
Fig. 8(c—d), contributes to the reduction in local face veloci-
ties at the lower speed of 20 km/h. Additionally, the pressure
differential between the front and rear surfaces of the auto
rickshaw is predicted to be 15.69 Pa at 20 km/h, whereas
at 60 km/h, this value is significantly higher at 144.61 Pa.
Now, suppose the driver starts speaking without wear-
ing a mask, thereby generating particles. Once again, these
particles get caught in the prevailing flow field and spread
throughout the auto rickshaw’s interior. Since there is no
partition, there is a possibility that the particles will reach
the passenger compartments. Figure 9(a—d) illustrates what
actually happens, with both top and side views provided. It
is evident that when the auto rickshaw is moving at a low
speed (20 km/h), the particles become trapped in the vortices
but do not spread radially to an extent that endangers the
passengers. Both passengers are marked safe. This is clearly
due to the reduced radial span of the vortices generated at
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lower speeds. In contrast, at higher speeds (60 km/h), the
particles penetrate deep into the passenger compartments
and pass very close to the passengers, thereby posing a risk
to their safety. This study, through CFD simulations, clearly
demonstrates that it is advisable to travel at lower speeds
unless a protective partition is in place between the driver
and the passenger compartments.

Effect of gust of wind

In this section, we examine the effects of a lateral wind gust
on the open lateral surfaces of a moving auto rickshaw. This
represents a realistic scenario in which the wind blows in
a direction perpendicular or oblique to the motion of the
auto rickshaw. Figure 10(a—c) presents the velocity contours
along with streamlines at a plane corresponding to the eleva-
tion of the driver’s mouth (the source of particles).

The simulations are conducted for a case where there is
no partition between the driver and passenger compartments,
and the vehicle speed is maintained at 60 km/h. Two cases
have been simulated. In the first case, a wind blowing at
20 km/h (a typical value in an urban setting) is directed per-
pendicular to the auto rickshaw’s motion (Fig. 10b). In the
second case, the wind, also blowing at 20 km/h, is oblique,
making a 45-degree angle with the vehicle’s direction of
movement (Fig. 10c). This second scenario is particularly
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relevant when the auto rickshaw takes a sharp turn, a com-
mon occurrence in urban environments. The results are com-
pared with the case in which no wind is present (Fig. 10a).

The results indicate that boundary layer separation is
completely altered in the presence of a lateral wind gust.
When the auto rickshaw is traveling straight without any
lateral wind, nearly equal-sized vortices form behind the
windshield on either side of the vehicle (Fig. 10a). However,
in the presence of a lateral wind gust (both perpendicular
and oblique) at 25 km/h, a single vortex forms at the center
of the driver’s compartment (Fig. 10b, c). In this case, the
streamlines exit through the right-hand lateral opening of
the auto rickshaw due to the wind direction, which flows
from left to right (top view). Additionally, a region of high
velocity is observed when lateral wind is present (Fig. 10b,
¢). This occurs due to the interaction between two incoming
air streams—the lateral wind gust and the airflow entering
the auto rickshaw as a result of its motion.

The local flow velocity at the face of each passenger is
also calculated. For a perpendicular lateral wind of 20 km/h,
the predicted velocities at the faces of passengers A, B, and
Care 1.30, 7.55, and 13.22 m/s, respectively. In the case of
an oblique wind gust at 20 km/h, the corresponding values
are 0.98, 9.19, and 15.03 m/s for passengers A, B, and C,
respectively. These local velocity values are significantly
higher than when there is no wind. This is because the lat-
eral wind gust directly enters through the open sides of the
auto rickshaw and interacts with the passengers, particularly
passengers B and C, who are seated in the passenger com-
partment. In contrast, when there is no wind, the windshield
of the auto rickshaw prevents direct interaction between the
incoming head-on airflow and the driver or passengers.
Additionally, the pressure differential between the front and
rear surfaces of the auto rickshaw is 279.1 Pa for a perpen-
dicular wind gust. The corresponding value for an oblique
wind gust is 241.8 Pa.

Now, suppose the driver starts speaking without a mask,
generating respiratory aerosols. The particles become
entrained in the airflow and follow the flow field. Fig-
ure 11(a—f) illustrates the trajectory of these particles for
two cases involving lateral wind, with both top (Fig. 11a—)
and side (Fig. 11d—f) views shown. The results indicate that
in the presence of a lateral wind, the particles generated by
the driver simply exit the auto rickshaw. In both cases—per-
pendicular wind and oblique wind at 20 km/h—none of the
passengers seated behind the driver are affected. This occurs
because the streamlines exit through the right-hand lateral
opening of the auto rickshaw, as shown in Fig. 10. For the
oblique wind case, the particles become temporarily trapped
in a region above the driver’s head, likely due to a local low-
pressure zone. However, they eventually move out through
the lateral opening of the auto rickshaw without coming
close to passengers B and C. This study demonstrates that

even a modest lateral wind blowing across a moving auto
rickshaw significantly reduces the risk of infection spread.
Such a scenario is typical for semi-open vehicles like the
auto rickshaw considered in this work.

Effect of location of persons speaking

In the previous sections, we discussed what happens when
the driver speaks continuously without a mask. In this sec-
tion, we compare particle trajectories when one of the pas-
sengers speaks without a mask. Simulations are conducted
to quantify particle spread when any of the three individuals
in the auto rickshaw—the driver, passenger B, or passenger
C—speaks without a mask. The results for two cases—an
auto rickshaw traveling at 60 km/h with and without a parti-
tion—are summarized below. Figure 12(a—f) illustrates the
spread of particles when a partition is present between the
driver’s and passengers’ compartments.

The results show that when the driver speaks, the ejected
aerosol particles become temporarily trapped in the vortices
near the edge of the auto rickshaw before moving backward
and exiting the enclosure without entering the passenger
compartment. As a result, both passengers (B and C) remain
unaffected. Similarly, when passenger C speaks, the particles
move forward, become entrained in the vortex near the left-
hand edge of the auto rickshaw, and then move backward
and exit the enclosure. While following this trajectory, the
particles do enter the driver’s compartment but do not pass
close to the imaginary cube centered around the driver’s
head (as seen in the side view). Consequently, the driver
(A) remains safe. Additionally, the particles do not enter the
passenger compartment on their way out, ensuring that both
passenger B and the driver (A) are not exposed. However,
when passenger B speaks, the particles move forward and
become entrained in the prevailing vortex on the right-hand
side. At this point, some particles move backward and exit
the auto rickshaw enclosure following the existing flow field,
while others are injected into the vortex on the opposite side
of the auto rickshaw, directly across the driver’s compart-
ment. This complex trajectory causes some particles to pass
very close to the driver and also enter the passenger com-
partment before exiting, potentially exposing passenger C to
infection. Thus, in this case, both passenger C and the driver
(A) are at risk. It is interesting to note the lack of symmetry
in this case. Though passengers B and C are placed sym-
metrically with respect to the driver, the streamlines shown
in Fig. 5 show that the vortices generated on either side of
the auto rickshaw, though very similar, are not exactly iden-
tical. From a numerical perspective, this may be because
of minute differences in the geometry tolerance (less than
0.001 m) or near wall meshing of the computational domain.
However, this is a rather conservative picture of any real-life
scenario where exact symmetry cannot be attained.
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«Fig.8 a Velocity contour with streamlines for auto-rickshaw speed
of 20 km/h, b velocity contour with streamlines for auto-rickshaw
speed of 60 km/h, ¢ pressure contour for an auto rickshaw traveling
at 20 km/h and d pressure contour for an auto rickshaw traveling at
60 km/h. Velocity contour color bar is in m/s while pressure contour
color bar is in Pa

Figure 13(a—f) illustrates the spread of particles when
there is no partition between the driver’s and passengers’
compartments.

The results show that when the driver speaks, the ejected
particles become entrained in both vortices on either side of
the auto-rickshaw enclosure and enter the passenger com-
partment, exposing both passengers B and C to potential
infection. When passenger C speaks, the particles move for-
ward and become entrained in the vortex on the left-hand
side. Following the prevailing flow field, the particles enter
the driver’s compartment but do not pass close to the driver’s
head, as seen in the side view. This ensures that the driver
(A) remains safe. The particles then exit the auto-rickshaw
enclosure without affecting passenger B. However, when
passenger B speaks, the ejected particles move forward and
become trapped in the vortex on the right-hand side. At this
stage, a fraction of the particles moves backward and exits
the auto-rickshaw enclosure following the prevailing flow
field, while another fraction is injected into the vortex on
the opposite (left-hand) side, directly across the driver’s
compartment. As the particles traverse the driver’s compart-
ment, they pass very close to the driver’s face, putting the
driver (A) at risk. However, on their way out, the particles
do not pose a threat to passenger C, ensuring that passenger
C remains safe.

Table 2 summarizes the infection risk for the other two
individuals when one person speaks continuously without
a mask.

Hence, it can be observed that when there is no parti-
tion between the driver’s and passengers’ compartments,
the risk of infection exists when either the driver or pas-
senger B speaks. However, when a partition is present, the
risk of infection arises only when passenger B speaks. Thus,
it can be concluded that, overall, the presence of a partition
reduces the likelihood of infection. However, such a partition
is not a foolproof solution.

Discussion

Probability of spread of infection

In the various scenarios discussed earlier in this paper,
when one of the three individuals in the auto rickshaw

speaks, the others may or may not be affected. This is
determined by whether any particles enter an imaginary

cubic enclosure (0.4 m edge length) centered precisely
around the spherical head of a passenger. Based on the
risk profile, the probability of infection spread for each
scenario is estimated. The probability of infection spread
is defined as the ratio of the number of individuals at risk
when one of the three occupants in the auto rickshaw
speaks. For example, in the scenario where the auto rick-
shaw is traveling at 60 km/h without a partition between
compartments, when the driver (person A) speaks, both
passengers seated behind (B and C) are exposed to infec-
tion. Thus, the probability of infection spread is 1. In con-
trast, when a partition is present, neither passenger B nor
C is affected when the driver (A) speaks, resulting in a
probability of infection spread of 0. Table 3 summarizes
the probability of infection spread for all the studied cases.

The analysis reveals a significant probability of infection
spread in a moving auto rickshaw, with the probability value
varying depending on the specific scenario. At this stage, we
aim to quantify which of the four scenarios studied has the
most significant impact. To achieve this, we calculate the
coefficient of variance (COV) in percentage for each of the
four parameters examined. The COV for each scenario is
defined as the ratio of the standard deviation of the probabil-
ity of infection spread to its average value over the range of
values considered for that scenario. For example, when the
vehicle speed increases from 20 to 60 km/h, the probability
of infection spread rises from O to 1, resulting in a COV of
141.4%. Table 4 presents the coefficient of variance (COV)
in percentage for each of the four parameters analyzed.

Among the parameters studied, vehicle speed, the pres-
ence of a lateral gust of wind, and the presence of a parti-
tion between the driver and passenger compartments are the
most influential factors affecting the probability of infection
spread. In all three cases, the probability varies from O to 1.

To quantify the sensitivity of infection spread probability
to these three parameters, we use a sensitivity index (S), as
defined by Sen and colleagues (Sen et al. 2024, 2019). The
sensitivity index is the ratio of two terms: the numerator
represents the ratio of the maximum variation of the tracked
parameter to its average value, while the denominator repre-
sents the ratio of the maximum variation of the independent
parameter to its average value. This approach normalizes
the effect of the independent parameter, providing a clearer
understanding of its relative influence on infection spread
probability.

|Yimax =Y

g = Yave (1)

*max ~Xmin
X,

avg

Here, y is the probability of spread of infection and x is
the value of independent parameters (presence of partition,
auto-rickshaw speed, and lateral wind speed).
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Fig. 10 a Velocity contour with 30

streamlines for the case of no
lateral wind, b perpendicular
lateral wind at 20 km/h, and ¢
oblique lateral wind at 20 km/h.
Auto-rickshaw speed is

60 km/h. Velocity contour color
bar is in m/s

Perpendicular wind Oblique wind

(a) (b) (c)

In the present study, the sensitivity index (S) for the  velocity (0-20 km/h)—is calculated as 1, 2, and 1, respec-
three independent parameters—presence of a partition  tively. This indicates that auto-rickshaw speed is the most
between the driver and passenger compartments (0—1),  influential factor affecting the probability of infection
auto-rickshaw speed (20-60 km/h), and lateral wind  spread.
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Fig. 11 Top view of aerosol particle tracks for the case of a no lateral no lateral wind, e perpendicular lateral wind at 20 km/h, and f oblique
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wind at 20 km/h. Side view of aerosol particle tracks for the case of d represents particle velocity in m/s
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Fig.12 Top view of aerosol particle tracks for the cases when a
passenger B, b driver, and ¢ passenger C speak. Side view of aero-
sol particle tracks for the cases when d passenger B, e driver, and f

C: Passenger (left-back row)
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passenger C speak. Auto rickshaw traveling at 60 km/h with partition
between driver and passenger’s compartment. Color bar represents
particle velocity in m/s
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Fig. 13 Top view of aerosol particle tracks for the cases when a pas-

senger B, b driver, and ¢ passenger C speak. Side view of aerosol par-
ticle tracks for the cases when d passenger B, e driver, and f passen-
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Table 2 Risk assessment of

‘ . A speaks B speaks C speaks
different persons seated in an
auto rickshaw With partition B is safe C is safe A at risk C atrisk A is safe B is safe
Without partition B at risk C at risk A atrisk C is safe A is safe B is safe
Table 3 Risk of spread of infection for different scenarios studied
Scenario studied Vehicle Partition between ~ Source of ~ Lateral wind (km/h) Number of per-  Probability of
speed (km/h) compartments particles sons affected spread of infec-
tion
Effect of partition 60 Yes A 0 0
60 No A 2 1
Effect of vehicle speed 20 No A 0 0
60 No A 2 1
Effect of lateral gust of wind 60 No A 20, perpendicular 0 0
60 No A 20, oblique 0 0
Effect of particle origin source 60 Yes A 0 0
60 Yes B 2 1
60 Yes C 0 0
60 No A 2 1
60 No B 1 0.5
60 No C 0 0
T?ble 4 Relativ.e inﬂuepce of Parameter Range Coefficient of variance in prob-
different scenarios studied ability of spread of infection (%)
Effect of vehicle speed 20-60 km/h 141.42
Effect of partition between driver With and without partition (0 or 1) 141.42
and passenger compartment
Effect of lateral gust of wind 0-20 km/h 141.42
Origin of aerosol particles Driver (A) or any one of the passen-  117.98

gers (B or C)

Recommendations and comparison with other
modes of transport

At this stage, it is essential to summarize the key findings
of this study:

1. Vehicle speed: Keeping the speed of the auto rickshaw
as low as possible is advisable to minimize the prob-
ability of infection spread.

Partition between driver and passengers: The presence
of a partition between the driver and passenger compart-
ments significantly reduces the risk of infection trans-
mission in a moving semi-open auto rickshaw. It is also
a practical and easily implementable solution. However,
as shown in Table 2, while it helps mitigate risks, it is not
entirely foolproof.

Effect of external wind: The worst-case scenario occurs
when there is no external wind across the lateral open-

ings of the auto rickshaw. In contrast, the presence of
a lateral wind—whether perpendicular or oblique—
flushes respiratory particles out of the vehicle, thereby
reducing the risk to passengers. This effect is observed
even at a modest lateral wind velocity of 20 km/h.

Speaker’s location: The location of the person speaking
also influences the probability of infection spread. For
instance, in the absence of a partition, the risk is signifi-
cantly higher if the driver speaks without a mask.

This study highlights several possible mechanisms of
aerosol dispersion inside a moving auto rickshaw and pro-
vides general guidelines regarding vehicle speed and the
use of partitions. Future research could explore additional
scenarios, such as the impact of a zigzag driving pattern,
the effect of passengers turning their heads while speak-
ing, or real-time passenger movement. In these cases, the
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Table 5 Comparison with reports on other modes of public transport

Reference Transport mode

Recommendations

El-Salamony et al. 2021
(Numerical study)

Mathai et al. 2021
out open window)
(Numerical study)

Talaat et al. 2021 Boeing 737 airplane

(Numerical study)

Yang et al. 2020 Air-conditioned long-distance coach bus

(Numerical study)

Zhang and Li 2012 Air-conditioned high-speed rail (HSR) cabin

(Numerical study)

Present study Semi-open auto rickshaw

(Numerical study)

Underground metro wagon (with/without open window)

Moving car (4-seater) with 2 seated persons (with/with-

Opening windows help reduce probability of spread of
infection by as much as 40%

Increasing ventilation flow rate reduces the probability up to
a point beyond which there is no further change

Location of source of particles has a strong influence on
probability of spread of infection

Opening windows reduces probability of spread of infection
significantly

Opening all 4 windows completely minimized chances of
spread of infection

Use of sneeze shield/guards are recommended. Stops trans-
mission of particles 50 um or larger and reduces transmis-
sion of particles in 1-20-pum range

Deposition of particles are more on seats/walls than ground

Wet air (95% relative humidity) reduces probability of
spread of infection (increases deposition rate)

Staggered seating (non-adjacent seats) reduce probability of
spread

Direction of ventilation air supply is important. Supply
of ventilation air toward the back of the bus minimized
chances of particle (infection) spread

A ventilation mode where there is no continuous flow of
air though an inlet but exhaust near the bottom is ideal to
minimize probability of spread of infection

The placement of luggage rack also has an effect on the
airflow patterns in the HSR cabin

Lower vehicle speed reduces probability of spread of infec-
tion

Use of a partition between driver and passenger’s compart-
ment reduces probability of spread of infection

Location of source of particles has a strong influence on
spread probability

Gust of external lateral wind helps reduce probability of
spread

static mesh approach used in this study would be insuf-
ficient, requiring dynamic mesh models (Zhu et al. 2022).

At this point, it is also relevant to compare the findings
of this study on aerosol transport in a moving semi-open
auto rickshaw with existing literature on other modes of
public transport. Table 5 presents a comparison of the
key recommendations from this study with those reported
for an underground metro wagon with and without open
windows (El-Salamony et al. 2021), a moving car with
and without open windows (Mathai et al. 2021), an air-
conditioned airplane (Talaat et al. 2021), a long-distance
air-conditioned coach bus (Yang et al. 2020), and an air-
conditioned high-speed railway coach (Zhang and Li
2012).

It can be observed that in air-conditioned modes of
transport, the ventilation rate and the direction of airflow
have the most significant influence on the fate of respira-
tory droplets and, consequently, the probability of infection
spread. However, in cases where windows can be opened,
fully opening them is always beneficial in reducing the

@ Springer

risk of infection. Additionally, in most scenarios, the loca-
tion of the particle source plays a crucial role in determin-
ing the risk of infection. For semi-open auto rickshaws,
the location of the particle source is also a key factor in
assessing the probability of infection spread. The use of a
partition between the driver and passenger compartments
in an auto rickshaw is comparable to the sneeze shields or
guards proposed by Talaat and co-workers (Talaat et al.
2021). While such practical measures are not entirely fool-
proof, they play a significant role in preventing large-scale
infection transmission in public transport systems during
a pandemic.

Conclusion

A 3D Euler-Lagrangian CFD model is developed to track
the transport and dispersion of aerosol particles gener-
ated when a person (either the auto-rickshaw driver or
one of the two passengers) speaks unhindered in a moving
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auto rickshaw. The model calculates velocity and pres-
sure fields by solving momentum and continuity equations
with RANS-based turbulence closure. The Eulerian por-
tion of the model has been extensively validated using
reported experimental data on flow fields in an empty
cubical enclosure, as well as in a cubical enclosure with
an obstacle placed at its center. A grid independence test
was conducted to ensure the adequacy of the mesh density
used in the simulations. Significant air exchange between
the interior and exterior of the auto-rickshaw compart-
ments is observed. The presence of a partition between
the driver and passenger compartments reduces the risk
of infection spread from 1 to 0, as particles generated in
the driver’s compartment exit without entering the pas-
senger area. Although this is not a foolproof solution, it is
a practical and effective mitigation measure. An increase
in auto-rickshaw speed from 20 to 60 km/h increases the
probability of infection spread from O to 1, highlighting
the importance of maintaining a lower vehicle speed. The
predicted face velocities at the locations of passengers
A, B, and C are 0.45, 0.23, and 0.27 m/s, respectively,
for an auto-rickshaw speed of 20 km/h (without a parti-
tion). For a speed of 60 km/h (without a partition), the
corresponding values increase to 1.40, 0.76, and 0.88 m/s
for passengers A, B, and C, respectively. The presence of
even a modest lateral wind (20 km/h) significantly reduces
the probability of infection spread from 1 to 0. For a per-
pendicular wind of 20 km/h, the estimated face velocities
for passengers A, B, and C are 1.30, 7.55, and 13.22 m/s,
respectively. A sensitivity analysis of probability terms
indicates that vehicle speed is the most influential factor
affecting the probability of infection spread. Finally, a set
of recommendations is outlined and compared with those
reported for other modes of public transport.
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