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Abstract

Environmental problems associated with emergency emissions, terrorist attacks, indoor air pollution
with harmful particles, the spread of viruses and bacteria make the topic of cleaning indoor air from
small particles of pollution relevant. In the event of a dangerous situation associated with the
presence of small particles in the air, especially those smaller than 10 um, methods for quickly
cleaning the air from such pollutants are required. One of these new methods is the efficient spraying
of fine aerosol using ultrasound. Fine aerosol with a droplet size of about 30-50 pm interacts more
effectively with pollutant particles compared to larger aerosols. In this paper, the process of
interaction of droplets with a characteristic size of 30-50 um with airborne pollutant particles sized
0.1-10 pm is theoretically studied. Particular attention is paid to particles sized 0.1-1 um, which are
the most difficult to remove from the air. The work will serve as a theoretical basis for the
development of methods for cleaning indoor air from pollutant particles using fine aerosol.

Keywords: fine aerosol; contaminant; particle interaction; Greenfield gap

1. Introduction

The issue of interaction of aerosol particles with air pollutants and methods of air purification
from these pollutants remains relevant, as evidenced by a number of publications in recent years. The
work [1] provides a modern review of the global problem of indoor air quality. Review [2] describes
in detail the impact of indoor air pollution on human health, systematizes the sources of these
pollutants and sometimes non-obvious consequences. Recent studies have discovered new,
previously unconsidered effects of pollutants on human health. For example, work [3] studies the
effect of PM2.5 aerosol particles on the spread of the influenza virus in the body. It was found that
the association of the virus with solid particles facilitates its delivery to the lower respiratory tract
and further spread.

Works [4,5] consider and discuss air purification methods, including physicochemical
technologies (e.g., filtration, adsorption, UV photocatalytic oxidation, ultraviolet disinfection and
ionization) and biological technologies (e.g., plant-based purification methods and microalgae-based
methods). The works devoted to the purification of indoor air from pollutants do not mention the
method of spraying water mist (or other liquid aerosol) to absorb and remove contaminants from the
air. Such a method, however, would be useful, especially in disinfection and purification of air in
hospitals, or for the elimination of the consequences of emergency emissions in industrial premises.

The interaction of specially sprayed aerosol with radioactive aerosol generated by leaks or
accidents at nuclear power plants has been studied the most [6]. Many researchers have studied the
characteristics of the aerosol removal process using a spray system. The mechanisms of removal of
harmful aerosols were described in the classical works of Fuchs (1965) [7]. An improved model of
particle removal from the air as a result of droplet interception is given in the work of Lee (1980) [8].
The mechanism of particle removal due to Brownian diffusion was studied by Postma (Postma et al.,

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.1296.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 August 2025 d0i:10.20944/preprints202508.1296.v1

2 of 14

1975) [9] and Jung (Jung and Lee, 1998) [10] - taking into account the circulation of liquid inside the
droplet. A combination of mechanisms of particle removal from the air was studied in the work of
Lee and Liu (1980) [11]. These classical models of single droplet behavior allowed us to consider the
efficiency of aerosol removal by spraying a special aerosol (multiple droplets). One of the first and
relatively simple models of particle removal from air by spraying an aerosol was developed by
Postma (Postma et al., 1978) [12]. Later, such models began to take into account the agglomeration of
droplets during interaction with pollutant particles, for example, the work of Powers (Powers and
Burson, 1993) [13]. The work [14] discusses in detail the effect of droplet agglomeration on the
removal of radioactive aerosol formed as a result of the accident. In particular, it was found that the
effect of droplet agglomeration on the efficiency of aerosol removal is not linear. It depends on the
specific droplet size distribution. It was found that droplet agglomeration has the greatest effect on
the removal of finely dispersed contaminant aerosols, especially with a particle diameter of less than
1.5 um. The effect of electrostatic charging of droplets of the capturing aerosol, as well as wettability
of contaminant particles on the efficiency of capturing is investigated in [15]. It was found that
charged droplets of sprayed aerosol provide almost complete removal of all particles due to the
electrostatic effect, regardless of wettability/size, even for particles with a diameter of less than 10
pum. In this case, wettability of particles is important when removing them with neutral sprays
(hydrophilic particles are captured better than hydrophobic ones). An interesting result of this work
was the established fact that dynamic agglomeration of particles during the capturing process does
not have a noticeable effect on the result of contaminant removal, but the initial size of the droplets
of the sprayed aerosol is very important.

The mechanisms of contaminant removal by neutrally charged aerosol spraying are primarily
inertial collision, interception, and Brownian diffusion (Ardon-Dryer et al, 2015) [16], with
diffusiophoresis and thermophoresis (Santachiara et al., 2013) [17] also considered. The particle size
of the contaminant is a key parameter determining their kinetic behavior. For particles larger than 10
um, gravitational sedimentation plays a significant role, while smaller particles can remain in the air
for a long time, and therefore are the most difficult to remove. For the removal of aerosol particles
smaller than 0.1 pm, the main mechanism is Brownian diffusion, while for aerosol particles larger
than 1 um, the most effective removal method is inertial sedimentation. However, in the transition
range for particles with a diameter of 0.1 to 1 um (Greenfield, 1957) [18], these mechanisms
demonstrate significantly lower efficiency.

It is known that particles with sizes less than 10 pum, especially less than 2.5 pm, are the most
dangerous for human health, regardless of their chemical composition [19]. Therefore, it is necessary
to study the behavior of contaminant particles with sizes less than 10 um and the possibility of
removing precisely such particles from the air using a specially sprayed aerosol.

One of the main conditions for the efficiency of contaminant removal using aerosol droplets is
high aerosol dispersion. Such droplets do not settle for a long time and remain in the air, collecting
harmful substances, have a large specific surface area, increasing the efficiency of interaction with
substances in the air. On the other hand, aerosol generation should occur with a sufficiently high
productivity. The development of methods for cleaning indoor air from contaminants using a
specially sprayed aerosol has so far been limited by the shortcomings of the means for creating such
an aerosol. Recently, methods of highly productive spraying of fine aerosol based on the use of
ultrasound have appeared [20]. They make it possible to create an aerosol with a characteristic droplet
size of about 30-40 um, which remain in the air for a long time collecting pollutants. The behavior of
these droplets and their interaction with contaminants has its own characteristics and differences,
from, for example, the behavior of droplets with characteristic sizes significantly exceeding the size
of contaminant particles (100 pm and more), which were usually considered by researchers before.
The dominant mechanisms of interaction between fine droplets and contaminant particles differ from
those characteristic of larger droplets. These mechanisms and differences, as well as the efficiency of
contaminant capture by fine aerosol droplets (less than 50 pm in diameter) have not yet been studied.
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The aim of the work is a theoretical study of the mechanisms of interaction of aerosol droplets
with a characteristic size of 30-50 pm with contaminants in the air, as well as the efficiency of trapping
fine particles of contaminants by aerosol droplets. It is necessary to identify the leading mechanisms
of interaction and determine the conditions for maximum efficiency of air purification from harmful
particles.

2. Mathematical Description of the Interaction of Aerosol Droplets and
Contaminant Particles

2.1. Statement of the Problem

We will consider an aerosol with a characteristic droplet diameter ds ~ 30-50 pum, specially
sprayed in a room volume where there is already an aerosol of pollutant particles with a diameter dp
from 100 nm to 10 pm. The pollutant can be represented by various phase compositions, can have an
electric charge (which is typical, for example, for bacteria), can be characterized as hydrophobic or
hydrophilic. The behavior of aerosol droplets with the specified characteristic size is fundamentally
different from the behavior of droplets with a diameter of about 100 um or more, for example,
sprayed by a nozzle. Such spraying is used to precipitate radioactive particles and has been well
studied both theoretically and experimentally. What is the difference between an aerosol with
droplets of 30-50 um?

1. Such droplets quickly (< 1 s) slow down in the air at a short distance (< 10 cm) from the spray
nozzle. Then the droplets spread in space as a result of convective diffusion [21].

2. The relative velocity of droplets and particles is determined not by the velocity of the droplet
leaving the spray nozzle (as for droplets larger than 100 um), but primarily by the difference in
the velocity of gravitational settling.

3. Droplets settle under the action of gravity much more slowly than larger ones (the settling
velocity is proportional to the square of the particle diameter). Therefore, they remain in the air
for a long time and interact with contaminant particles all this time.

4. Such droplets have a relatively large specific surface area, compared to larger droplets. Also,
with the same mass of sprayed aerosol, the numerical concentration of smaller droplets will be
significantly higher. It is the numerical concentration of droplets and their total surface area that
determines the efficiency of capturing contaminant particles as a result of coagulation and
adsorption.

2.2. Mechanisms of Capture of Contaminant Particles by Aerosol Droplets Depending on the Size of Droplets
and Particles

In the problem of interaction between droplets and small contaminant particles, the following
mechanisms are usually considered:

e Inertial collision (large particles deviate from the streamlines and collide with the droplet).
Relatively large aerosol particles (e.g., droplets > 30 um in diameter) settle under the action of
gravity and collide with smaller contaminant particles, capturing them along the way.

e Diffusion deposition (small particles, such as viruses, move due to Brownian or convective
diffusion). Both types of particles (aerosol droplets and contaminants) are subject to chaotic
thermal motions, which increases the probability of collisions.

e Interception (particles follow the streamlines and “graze” the droplet if they are close enough).
When a contaminant particle moves along the air flow line and gets close enough to an aerosol
droplet, it can be “captured” by adhesion on the droplet surface. This occurs if the streamline is
at a distance less than or equal to the particle radius (dy/2) from the droplet surface.

o  Electrostatic attraction (if the particles are charged). Viral envelopes (e.g., capsids or lipid
membranes) and bacterial cell walls are often negatively charged due to the presence of ionized
groups (e.g., carboxyl or phosphate) on their surface. The magnitude of the charge depends on
the pH of the environment, but under typical air conditions (pH neutral or slightly acidic), the
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charge remains negative. For example, for viruses such as SARS-CoV-2, the surface charge is

estimated to be in the range of -10 to -50 mV (C potential). Aerosol droplets are usually neutral

in the absence of external influences (such as an electric field or ionization). However, a neutral
particle can become polarized in the presence of a charged particle, which creates an attraction.

An induced electrostatic interaction occurs between the negatively charged particle

(virus/bacteria) and the neutral droplet. This occurs due to the polarization of the droplet: the

negative charge of the contaminant repels the electrons in the droplet, creating a local positive

charge on its surface near the particle.

The capture efficiency is defined as the ratio of the number of particles actually captured by the
droplet to the number of particles that could theoretically collide with it if they moved in a straight
line in the projection of its cross section. The key parameters for the listed capture mechanisms are as
follows.

2.2.1. Inertial Capture

p,d,U
18ud,

where @y is the density of the contaminant particle, dy is the diameter of the contaminant particle,

The efficiency is determined by the Stokes number Stk: Stk =

U is the relative velocity between the droplet and the particle, U = %(djp d —df,p p), i is the
i)

droplet density, g is the acceleration of gravity, U is the viscosity of air, da is the droplet diameter.
The dependence of the capture efficiency for three ranges of the Stokes number is known [21-
23]:

0, Stk <0.083

2
Nirer = 8.57(ij (Stk - 0.083), 0.083 < Stk < 0.2
Stk + 0.5

2
(srss)  sikz02
Stk + 0.5

2.2.2. Diffusion Capture

The capture efficiency depends on the Peclet number Pe [24]: nait ~ 4 Pe 25,
k,T
3mud,

is the diffusion coefficient of the particle, kv (m?¥/s) is the

Pe = U dai / kp, where ky =

Boltzmann constant, T is the temperature.
This formula is suitable for the case of low droplet velocities, very low Reynolds number values,
and this is the case we are considering.

2.2.2. Interception

The interception efficiency depends on the ratio of the particle and droplet sizes R =d,/ da [7,25]:
Ninter # 3 / 2 R2.

This approximate formula does not take into account the viscosity of the droplets, their volume
concentration, but is suitable for a relatively low volume concentration of droplets and in the case
when the viscosity of the liquid is much greater than the viscosity of the gas medium (which is true
for water droplets in air).

2.2.3. Electrostatic Capture [21,26]

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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For a charged particle with charge g and a neutral drop, the attractive force in the approximation
2 43

of a point charge and a polarizable sphere is given by: F,, .. = 2 ,
32meyr” e+2

lectr

where r is the distance between the center of the drop and the particle, o is the electric constant,
¢ is the dielectric constant of the drop (for water & = 80), (¢ — 1)/(¢ + 2) is the polarization factor (for
water close to 1).

This force decreases as 1/r#, which makes it significant only at short distances. The electrostatic

contribution to the capture efficiency depends on the dimensionless parameter Nt , which

2
q

characterizes the ratio of the electrostatic force to the resistance of the medium: N, =————,
3ne,uld,
Telec ~ NE.

Viruses and bacteria can carry an electric charge due to the ionization of surface chemical groups
(e.g., amino acids in viral capsid proteins or peptide glycan in bacterial cell walls) or adsorption of
ions from the environment (e.g., in a humid environment). The charge of such a particle can be
proportional to the diameter (if it is distributed volumetrically) or to the surface area (for a surface
charge). Most often, the charge depends on the surface area of the particle, ~ dy? (surface charge), so
we will adopt this dependence in the calculations. Then neec ~ Ne = qody>, where go is the
proportionality coefficient. According to experimental data, the charge of a virus with a diameter of
20-200 nm is g = 10-100 e (where ¢ is the electron charge) [27]. For bacteria with a diameter of 0.5-10
pm, the charge is g = 10%-10° e [28]. From this, the parameter qo can be estimated.

The efficiency of particle capture by a droplet is described by the capture coefficient n, which
depends on the interaction mechanism. For the droplet-contaminant system, the overall capture
coefficient can be written as a combination of different mechanisms, taking into account their
independence:

T] =1- (1 - T]iner)(l— T]dif)(l— T]inter)(l - T]elec)

2.3. Dynamics of the Decrease in the Mass of Contaminant Particles when They Are Captured by Aerosol
Droplets

When assessing the efficiency of contaminant removal using aerosol droplets, an important issue
is the reduction of the mass of contaminant particles in the air. How long will it take to clean the air
of harmful particles? How completely can particles be removed from the air using an aerosol?

The capture efficiency n determines the fraction of particles that collide with a droplet from the

flow passing through its cross-section. For a single droplet with a diameter da, the effective capture
2

. . . nd .

area is proportional to the cross-sectional area of the droplet: S, = an. Particle flow captured

2
T . . . .
by a droplet: J, =n,US,; =n,U an, where 7y is the concentration of contaminant particles.

We will assume that with a constant uniform supply (spraying in the room) of aerosol, a quasi-
stationary concentration of droplets nd will be established in the volume of the room, determined by
the arrival of droplets as a result of spraying and the loss as a result of settling on the walls,
gravitational settling and evaporation. Smaller particles of the contaminant in the air will settle much
more slowly and will not undergo evaporation (for solid particles). Then the decrease in their number
will occur precisely as a result of the capture of aerosol by droplets. The rate of change in the
concentration of particles is proportional to the concentration of droplets and the flow of particles
captured by the droplet:

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.1296.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 August 2025 d0i:10.20944/preprints202508.1296.v1

6 of 14

The capture constant will be denoted as k., = 4

Then the change in the number of contaminant particles in the air will be expressed as follows:
np (t) = np (O) ' eXp(_kcaptt)'

It is necessary to determine the mass of contaminant particles captured by the aerosol. The
relative mass of captured contaminant particles depending on time:

" | exp(-k. 1)

mp ( 0) capt

We will also express the capture constant through the mass concentration of droplets ma:
P 3 my,
capt — ~
2dpy

All contaminant particles will be completely removed from the air in time of ¢ — 0. In the

problem, we can determine the characteristic time (time constant) of the particle capture process —
teapt=1/ keapt. This is the time during which or the mass of contaminant particles in the air will decrease
by e times. This value can be used to judge how quickly aerosol droplets will collect particles from
the air under these conditions.

2.4. Correction for Small Particles

For relatively large (compared to the free path of molecules) particles and droplets, the
continuous medium approximation is valid, and the Stokes equations for the resistance and motion
of particles are valid. The possibility of using this approximation is determined by the Knudsen

number: Kn= —k, where A is the mean free path of air molecules (~ 68 nm under normal
p
conditions).

For particles whose diameter is much larger than A, the condition Kn << 1 is satisfied. But for
particles of 10 — 100 nm (e.g., viruses), Kn ~ 1 and larger, and the continuous medium approximation
begins to break down. Then the diffusion coefficient for such small particles is determined with the
Cunningham correction: kj, =k,Cy, where Cy =(1+1.257Kn+0.4exp(—1.1/Kn)). The particle

sedimentation velocity will also be determined with this correction, then the relative sedimentation

velocity: U :%(djpd —dippCK).

3. Results and Discussion

3.1. Model Calculations

We perform calculations for various contaminants and various conditions, according to the
model proposed above. As contaminant particles, we will take soot particles with a density of gp =
2000 kg/m?3. First, we will consider how the contaminant particle size for different droplet sizes affects
the components of the particle capture efficiency by droplets (Figure 1).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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(a) (b)

Figure 1. Dependence of the components of the efficiency of capturing contaminant particles by aerosol droplets

on the particle diameter: de= 30 um (a), d¢ =50 um (b).

The efficiency of capture due to diffusion is only noticeable for the smallest particles, with a
diameter of less than 0.5 um, then with increasing particle size the contribution of the interception
mechanism becomes increasingly significant, and then, starting from approximately 4 um and more,
the inertial capture mechanism “comes in”. Inertial capture is more significant for larger droplets,
which is understandable — their cross-sectional area is larger. A small kink in the curve of the inertial
capture efficiency is associated with the transition from empirical formulas for different ranges of
particle diameters.

Figure 2 shows the curves for the capture time calculated for different droplet sizes, depending
on the size of the contaminant particles (the mass concentration of droplets in the calculations is 0.1

g/md).

Teapr» MiN dy pm
=30 =35 40 =——45—50

50 ~
40 ~
30 ~
20

10 4

d,, pm
OI T T T T T T T T p'I

01 05 09 13 17 21 25 29 33 37

Figure 2. Dependence of the characteristic time of capture of contaminant particles by aerosol droplets of

different diameters (from 30 to 50 um) on the diameter of the particles.

The curves in Figure 2 have an extremum associated with the Greenfield gap. Small particles
(less than 0.5 um in diameter), for which the diffusion capture mechanism is significant, are quickly
absorbed by aerosol droplets. Relatively large particles (more than 2-3 um in diameter) are quickly
captured by aerosol droplets due to inertia and, in part, the interception mechanism. In the range
from 0.5 to 2.5 pum, the capture efficiency due to diffusion is already low, and due to inertia it is still
low, so the capture time is maximum here. At the same time, the maximum capture time in this gap

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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is less for droplets of smaller diameter, for example, for droplets of 30 um in diameter the maximum
time will be 32 minutes, for droplets of 50 um — 54 minutes.

We now consider how droplet size for different particle sizes affects the components of droplet
capture efficiency (Figure 3).

0.012 4 0.005 1

n n
0.011 1 niner e LI
0.01 7 ninter 0.004 ——ninter
0.009 -
0.008 - ndif ey dif
0.007 - —n 0.003 1
0.006 - [
0.005 A 0.002 -
0.004 -
0.003 - ——
0.002 - oot k
0.001 -
0 T T T T T T T T T ] 0 T T T T T T T T T |
30 32 34 36 38 40 42 44 46 .dgpm 30 32 34 36 38 40 42 44 46 .dgpm
(a) (b)
0.012 4 n 0.06 - n niner
0.011 + niner r|Tnter
0.01 A ) 0.05 1 .
ninter ndif
0.009 A
0.008 - ndif 0.04 —
0.007 - =N
0.006 - 0.03 §
0.005 -
0.004 - 0.02 +
0.003 A
0.002 - 0.01 1
0.001 -
0 T T T T T T T T T | 0 T T T T T T T T T l
30 32 34 36 38 40 42 44 46 .dgpm 30 32 34 36 38 40 42 44 46 «dgpm
(0) (d)

Figure 3. Dependence of the components of the efficiency of capturing contaminant particles by aerosol droplets
on the droplet diameter: dy=0.1 pm (a), dy= 0.9 pm (b), dp = 2.4 pm (c), dp =5 um (d).

As can be seen from Figure 3a, for small particles the capture is determined exclusively by
diffusion, for particles larger than 2.4 pum diffusion plays almost no role, but the interception
mechanism plays an important role (Figure 3c). For particles of about 5 um and larger, the inertial
capture by droplets increasingly plays the main role, and the capture efficiency becomes increasingly
higher. Inertial capture is most important for larger droplets compared to smaller ones (Figure 3d).
In the most problematic region of particle diameters of about 0.5-1 um, inertial capture does not play
a role, and the efficiency of diffusion capture is also already low. The interception mechanism begins
to have an effect, but the total efficiency due to interception and diffusion turns out to be minimal
(and the capture time is maximum).

Figure 4 shows the dependence of the capture time on the droplet diameter for different particle
diameters.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 4. Dependence of the characteristic time of capture of contaminant particles of different diameters by

aerosol droplets on the diameter of the droplets.

For small particles, in this calculation with a diameter of less than 2.4 pm, the dependence of the
capture time on the droplet diameter is linear — it increases with the droplet size. For large particles
(here — with a diameter of more than 5 pm), a slight decrease in the capture time is observed in the
calculation. For particles of 0.1 and 2.4 um, the capture time is practically the same in the entire range
of droplet sizes. These are the sizes that limit the Greenfield gap. The particle diameter of 0.9 pm
corresponds to the maximum capture time for all droplet sizes, but with an increase in the droplet
diameter, this time also increases linearly. This suggests that for the most difficult to capture particles
from the Greenfield gap zone, the smaller the size of the aerosol droplets, the sooner they will be
captured. But this is not true for larger particles — for them, larger aerosol droplets give a slightly
better result (the capture time is slightly lower, as in curves 5 and 8 in Figure 4).

The calculations above did not take into account the possible charge of the particles. However,
if the particles are viruses or bacteria, or have a triboelectric charge, then this capture mechanism
must also be taken into account for small particles.

Now we will consider the effect of the contaminant particle size for different droplet sizes on the
components of the particle capture efficiency by droplets, including the electrostatic mechanism
(Figure 5). In the calculation, qo = 0.0001 C/m? is assumed.

014 7 q 002 1 n
— 0.018 - —
012 | nelec nelec
ninter 0.016 ninter
0.1 ndif 0.014 ndif
0.08 - —n 0.012 4 —n
0.01
0.008
0.006
0.004
0.002 /
_______.—-—-—___—
0 — T T T T T 0 T
0.1 0.46 0.82 1.18 1.54 1.9 2.21dp, pm 0.1 0.46 0.82 1.18 1.54 1.9 2.2 dp, pm
(a) (b)

Figure 5. Dependence of the components of the efficiency of capturing contaminant particles by aerosol droplets

on the particle diameter: di= 30 um (a), d¢= 50 um (b).
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Figure 5 does not show the inertial component of capture, since it is negligibly small for such
small particles. On the other hand, it is the electrostatic component of the capture efficiency that plays
a major role, starting with particle sizes of about 0.5-0.7 um, where the diffusion component (the
intersection of the blue and green curves on the graphs) begins to yield to this component. The
component associated with interception makes an insignificant contribution.

Figure 6 shows the curves for the capture time calculated for different droplet sizes, depending
on the contaminant particle size, taking into account the electrostatic component and the
Cunningham correction.

L gpey MiN
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Figure 6. Dependence of the characteristic time of capture of contaminant particles by aerosol droplets of
different diameters (from 30 to 50 um) on the diameter of the particles, taking into account the charge of the

particles.

The capture time of contaminated particles is shorter than that of uncharged particles (Figure 2),
while the maximum of the curves corresponding to the most problematic particle sizes is shifted to
the left (towards smaller particles) compared to the case of no charge. The dependence on the droplet
size is more pronounced - the smaller the droplets, the faster the particle capture occurs, especially
in the problematic area. Thus, spraying finer aerosol droplets is an advantage in removing small
particles, especially those with an electrostatic charge — such as viruses and bacteria.

3.2. Comparison with Experiment

The paper [29] presents experimental data on the deposition of submicron zinc oxide particles
by aerosol droplets of various diameters. The Sauter diameter of the aerosol droplets used in the work
is 162 pum (the modal diameter is 80 pum). Although we consider droplets of a smaller size, we
performed a calculation for droplets with a diameter of 80 um according to the presented model for
the capture time of various fractions of submicron particles in order to compare with the results of
the paper [29]. The capture time of particles of a certain fraction was obtained from the table in Figure
8 of the paper [29], where the time when the number of particles of a given diameter decreased by e
times was taken as such time. The comparison results are shown in Figure 7. A mass concentration
of droplets of 0.15 g/m? was adopted in the calculation.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 7. Particle capture time depending on their diameter, comparison with the experiment from work [29]

with the calculation according to the above model: points — experiment, curve — calculation.

As can be seen from the graph, the calculation based on the given model describes the
experimental results well. The most difficult to capture particles are in the range from 0.1 to 1.5 pm.
But particles with a diameter of more than 2 um are captured by aerosol droplets in a few seconds,
given a sufficient droplet concentration. In this calculation, the particle density is much higher than
for soot (gp = 5680 kg/m?), the aerosol droplets are larger, and the droplet concentration is higher than
in the above model calculations. Therefore, the relative velocity of the particles is also higher, and the
inertial component of the capture efficiency is significant even for small particles with a diameter of
up to 3 um.

The capture time is inversely proportional to the mass concentration of aerosol droplets, so the
higher the droplet concentration, the shorter the time for removing contaminant particles. The effect
of particle density on the capture time is shown in Figure 8. It shows the results of calculating the
capture time for particles of different sizes and densities by water aerosol droplets with a diameter
of 40 pm.

tgpey MiN

40

30 ~

10 ~

0 T T T T
0.1 09 1.7 2.5 3.3 4.1 4.9 5.7

Figure 8. Particle capture time depending on their diameter for particles of different densities, water aerosol

with a droplet diameter of 40 um.

All other things being equal, the density of particles affects the time of their capture by droplets
only in the transition region (the transition from the dominant mechanism of diffusion capture for
small particles to the dominance of the inertial capture mechanism). The transition to inertial capture
begins for heavier particles already at 2 um, and for lighter particles — at 3-5 um. In this size range,
heavy particles are removed faster than lighter ones. But for particle sizes over 5 um, there is

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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practically no difference in the capture time. Therefore, the effect of particle density on the process of
their removal can be considered insignificant.

4. Conclusions

The paper considers the problem of removing finely dispersed contaminant particles with a
characteristic size from 100 nm to 10 um from indoor air using a fine aerosol sprayed in the air
(droplet diameter 30-50 pum). Removing precisely such finely dispersed particles from the air,
including viruses and bacteria, and PM2.5, PM10 particles, is the most difficult. Aerosol spraying for
removing finely dispersed radioactive particles is used in practice, but coarser aerosols are used. The
emergence of new aerosol spraying methods that combine high productivity and high droplet
dispersion opens up new possibilities for using this method of removing particles in a wider
technological range. While the interaction of relatively large droplets (more than 100 um in diameter)
with contaminant particles has been studied theoretically and experimentally, the interaction of
droplets 30-50 um in diameter with finely dispersed particles, which has its own characteristics, has
not yet been studied. We have considered in detail the mechanisms of such interaction, including
diffusion, inertial, interception, electrostatic (for charged particles). A mathematical description of
capture corresponding to the case under consideration is proposed. The model is verified by
comparison with experiment (the results are given in [29]).

As a measure of the capture efficiency, in addition to the efficiency coefficient, we propose to
use the characteristic capture time, when the mass of particles in the air decreases by e times
compared to the initial one. It was found that in the Greenfield gap, that is, in the range of particle
diameters where no capture mechanism is sufficiently effective and the capture time is maximum,
the best result is shown by aerosol droplets of the minimum size (in our calculations, these are
droplets with a diameter of 30 um). The capture time of charged particles (i.e., viruses and bacteria)
is especially reduced by droplets with a diameter of 30 um compared to larger droplets. The higher
the aerosol dispersion, the more effective the removal of highly dispersed contaminant particles from
the air in the most difficult range of sizes of these particles. The effect of particle density on the capture
efficiency in the problem under consideration turned out to be insignificant. It is shown that the
capture time is inversely proportional to the mass concentration of aerosol droplets. This means that
the higher the mass concentration and the higher the dispersion of the sprayed aerosol, the higher
the rate of removal of contaminant particles. The calculations performed and the results obtained
create the prerequisites for the development and widespread use of a method for removing highly
dispersed contaminant particles, including viruses and bacteria, from indoor air by spraying fine
aerosol droplets.
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