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A First Assessment of an Aerodynamic Barrier Layer for Filtering
Airborne Hygroscopic Particles

Francisco J. Ariasa∗ and Salvador De Las Herasa
a Department of Fluid Mechanics, Polytechnic University of Catalonia,

ESEIAAT C/ Colom 11, 08222 Barcelona, Spain
(Dated: September 22, 2021)

In this work consideration is given to an aerodynamic concept for filtration of small water
droplets such as those caused by an infected person when coughs or sneezes and including airborne
hygroscopic particle, and with particular application to medical masks. Nowadays, the efficiency of
such masks is strongly reduced for airborne particles and increasing the efficiency implies either
increasing the thickness of the filtering layers or decreasing the aerodynamic equivalent diameter of
the pore, both measures in clear detriment of its breathability. Here, a novel strategy is proposed in
which efficiency is increased, not by decreasing the diameter of the pore but actually by increasing
the diameter of the water droplet itself. We called this concept as the aerodynamic barrier layer.
In this concept a layer with parallel arrangement of micro fibers in the direction of the flow is
located just before the traditional filtering layer and being able to promote lift forces which induce
clustering, coalescence and growth of water droplets at the center of the aerodynamic channel.
The enlarged drop after passing though the aerodynamic barrier layer is now easy captured by a
conventional filtering layer. Utilizing a simplified geometrical model, an expression for the required
length of the aerodynamic barrier layer was derived.
aKeywords. Airborne filtration; Filters; COVID-19; Medical masks; Aerodynamic design.

I. INTRODUCTION

Since the World Health Organization (WHO) declared
the Coronavirus disease 2019 (COVID-19) outbreak a
pandemic, the number of people infected with COVID-19
have passed more than 125 million world wide, and as
a result, governments have adopted protective measures
such as social distancing, quarantine measures and,
with particular impact on society, the use of medical
masks (surgical masks and N95 masks). Whereas the
use of medical masks has long been familiar in Asia,
however, for western countries it was a novel situation
and although after more than one year they are become
a common sight, nevertheless, its use is still one of the
more conflictive points of debate. To make things worse,
although a medical mask can be a protective effective
measure for transmission of diseases as the COVID-19
-which spreads from person-to-person mostly through
respiratory droplets, unfortunately, the protection
provided is drastically reduced when the pathogen agent
is transported inside airborne particles, i.e., particles
with diameters smaller than 5μm. From the end of
2020 mounting evidence began to suggest that airborne
transport could be actually the dominant mechanism for
transmission.

Several types of masks, for example, cloth face masks
are available in the market, for example: full-length,
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FIG. 1: Pore hindrance to the entrance of spherical particles
of radius rb into cylindrical pores of radius ra.

facepiece respirators, face shield, but, however, medical
masks are by far the commonest because a compromise
between filtration efficiency, breathability and low cost
for industrial production. For the interested reader
an interesting overview of the topic is presented by
Tcharkhtchi et al (2021) [1].
While there are variations between medical masks,
however, all of them can be summarized as composed by
a n-layer structure. Thus, for example, surgical masks
n = 3 and N95 masks n = 4. For the most simple case,
the surgical mask, the three-layer structure is composed
as follows: an inner layer for absorbing moisture, a

 = (ra-rb)2

rb

Pore
Airborne 
particle

Leakage cross section

P
A

ra



2

FIG. 2: Penetration cross section area ratio as function of the
ratio rb

ra

middle layer which is the filtering media, and an outer
layer which is hydrophobic, [2]. Increasing the filtering
efficiency of medical mask for capture of airborne
particles implies either increasing the thickness of the
layers or decreasing the hydraulic equivalent diameter
of the pore, both measures in clear detriment of its
breathability. Several strategies to prevent airborne
penetration through masks have been researched and
current technology rely on different mechanisms such as
gravity sedimentation, inertial impaction, interception,
diffusion, and electrostatic attraction, [3], [4].
In this work a novel strategy is proposed in which the
efficiency of capture of airborne particles is boosted, not
by increasing the thickness of the layer not by decreasing
the diameter of the pore, or the use of sophisticated
new material with special properties, but actually by
increasing the diameter of the airborne particle itself
harnessing the laws of aerodynamics.

To understand the proposed concept, let us consider
the probability of capture of a given airborne particle of
radius, say, rb by by a filtering layer with a homogeneous
distribution of pores with an equivalent hydraulic radius
ra as sketched in Fig. 1. Then, an approaching airborne
particle can penetrate the pore only if the center of the
particle falls within the area of a circle of radius (ra−rb),
so that the virtual area of penetration or cross section -
which is a measure of the filtering efficiency of the layer,
is given by

σ = πr2a

[
1− rb

ra

]2
(1)

It is easy to see, that this cross section can be reduced
(and then increasing the capture) by either decreasing
the radius of the pore ra or by increasing the radius of

the particle rb. While for the first option the breatha-
bility is affected, for the second case is not, and this is
the principle of the proposed concept, i,e, increasing the
radius of the airborne particle. For illustration, Fig. 2
shows the penetration or cross section ratio as function
of the size ratio rb

ra
.

A. The aerodynamic barrier layer.

The concept proposed in this work - we called properly
as the aerodynamic barrier layer, is based in a simple par-
allel re-arrangement of the fibres in the direction of the
air flow and located between two traditional crisscrossing
filtering layers of fibres, more or less as depicted in Fig.
3.
The objective of this spatial rearrangement of the

fibers is just to induce a velocity gradient and then a
pressure gradient surrounding the particle which trans-
lates into a lift force which tends to push toward the
center of the channel the droplet. The focusing of the
droplets in the central region result into a clustering, co-
alescence and growth of the particles. The enlarged drop
-after passing through the aerodynamic layer, is now easy
captured by the filtering crisscrossing layer. Fig. 4 is a
pictorially sketch of the core of the idea. At the left
of this figure, a typical layer from a medical mask only
can prevent the leakage of big airborne particles. At the
right, the same situation but with an aerodynamic layer
which promote lift forces and then clustering, coalescence
and growth at the center of the channel. After passing
through the aerodynamic layer, particles are big enough
to be trapped by the filtering layer. Several ways can
be envisaged for the aerodynamic channel, for example,
in Fig. 5 it is shown that can be implemented using
vertical plates or parallel fibres which although with dif-
ferent configurations are creating a similar channel with
the same aerodynamic effective radius.
As aforementioned, the principle is based in a spatial re-
arrangement of the fibers, and thus no new material is re-
quired, and the fibers can be made of the same traditional
material as used today, such as cotton, polypropylene or
polyester. As we will see, the length of the fibers required
for focusing the particles at the center of the channel is
just a fraction or a few millimeters at the most, and then
they are already rigid.

II. MATERIALS AND METHODS

First, consider a single, airborne water droplet of
radius rb being transported by an air stream which is
entering a vertical channel which is formed by a certain
parallel arrangement of the fibres as sketched in Fig.
6. Several lattices are conceivable for the channel, for
example, parallel plates, triangular, hexagonal or square
lattices. Whatever the configuration used, the flow
channel could represented by an equivalent round tube
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FIG. 3: The aerodynamic barrier layer. At the left a traditional 3-layer design, and at the right, the proposed aerodynamic
barrier layer in between, in which the fibers are now properly parallel rearranged.

by defining its equivalent hydraulic radius, ra, [5]. Let
us fix our center of coordinates at the centerline of the
channel with radial coordinate r.

A. Momentum considerations

Because the micrometer dimensions of the channel
and considering velocities from breathing activity, the
Reynolds number is not larger than 2000, i.e., we are in
a laminar regime where viscous forces are predominant.
In fact, with a typical cough with maximum velocity close
to 4 m/s or so, and assuming a 10 micron channel, the
Reynolds number should be close to 2.7. Now, because
the viscous flow around the droplet which is less rapid
on the side closest to the wall, a lift force Fl is developed
which propels the droplet away from the wall, which in
addition, is counterbalanced by the drag force Fd. The
objective is to obtain an expression for the time spent
by the droplet to arrive at the center of the channel and
from this the estimation of the length required of the
aerodynamic layer which to be a suitable concept should
be no more than a few millimeters.

To begin with, let us consider the lift force experienced
by a spherical droplet at the moment starts entering the
channel and considering the fluid is fully developed, i.e.,
neglecting the effects of the undeveloped region - a jus-
tification is given in the appendix. Many semi empirical
formulations for the lift force acting on a spherical droplet
are available in the literature, for example, (Saffman,
1965),[6], but in view of several uncertainties, the sim-
plest modified expression valid for laminar regime, due to
Mei and Klausner (1994),[7], see also [8], seems preferable

Fl =
1

2
clρu

2
l πr

2
b (2)

where cl is the shear lift coefficient; ρ is the density of
the fluid; ul is the relative axial velocity between the gas
and the droplet, and rb is the radius of the droplet. For
the velocity ul, no model of the droplet sliding velocity
exists in the literature, [8], but in view of the several un-
certainties in the analysis -where, for example, the design
of the aerodynamic barrier layer in this study is by no
means the most optimized, we assume a droplet sliding
velocity half of the local liquid, i.e., ul = 0.5ug as sug-
gested by [8] and [9], which seems that is the best figure
which agrees well with the predictions by those authors
in the calculation of the lift. On the other hand the lift
coefficient is given by [7]

cl = 3.877G
1
2

(
1

Re2b
+ 0.014G2

) 1
4

(3)

where Reb is the droplet Reynolds number

Reb =
2rbul

ν
(4)

being ν the kinematic viscosity of the fluid; and G in
Eq.(3) is a dimensionless parameter given by

G =

∣∣∣∣dul

dr

∣∣∣∣rbul
(5)

For low Reynolds number the first term inside the
brackets in Eq.(3) is larger than the second, and in ad-
dition, using the approximation ul = 0.5ug, Eq.(3) is
simplified as
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FIG. 4: The core of the idea. At the left, a typical layer from a medical mask only can prevent the leakage of big airborne
particles. At the right, the same situation but with an aerodynamic layer which promote lift forces and then clustering,
coalescence and growth at the center of the channel. After passing through the aerodynamic layer, particles are big enough to
be trapped by the filtering layer.

FIG. 5: The aerodynamic layer can be implemented in sev-
eral ways, for example using vertical plates of parallel fibers
which although with different configurations are creating a
similar channel with the same aerodynamic effective radius.

cl � 3.877

[
G

Reb

] 1
2

(6)

Considering the laminar flow, it is allowable to repre-
sent the velocity profile inside the channel by a Hagen-
Poiseuille velocity profile using as radius the equivalent
hydraulic radius ra of the channel

FIG. 6: Aerodynamic filtration.

ug = 2ūg

[
1− r2

r2a

]
(7)

where ūg is the average gas velocity. Finally, from
Eq.(2) and using Eq.(3)-Eq.(7) The lift force yields
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Fl = 0.95ρπν
1
2 ū

3
2
g r

2
br

− 1
2

a

(
1− r2

r2a

)(
r

ra

) 1
2

(8)

In addition, in laminar flow, the drag force acting on
the droplet is given by

Fd = 6πρνrbvb (9)

where vb is the transverse or radial droplet velocity.
The total radial acceleration acting on the particle is
given upon summation of the applied radial forces Eq.(8)
and Eq.(9)

d2r

dt2
=

Fl

mb
+

Fd

mb
(10)

where mb is the mass of the droplet. Considering a
spherical droplet of radius rb with density ρb and volume
4πr3b
3 and Eq.(8) and Eq.(9); Eq.(10) may be rewritten as

d2r

dt2
= c1

(
1− r2

r2a

)(
r

ra

) 1
2

+ c2
dr

dt
(11)

where

c1 = −0.7125
ν

1
2 ū

3
2
g

r
1
2
a rb

ρ

ρb
(12)

and

c2 = −9

2

ρ

ρb

ν

r2b
(13)

Assuming a uniform creeping motion valid for low
Reynolds numbers, as is our case, the droplet attains
almost instantaneously its terminal velocity at a given
location, and thus the transverse force given by Eq.(8)
may be approximately equated to the viscous drag given
by Eq.(9), and then Eq.(11) simplifies as

dr

dt
� −c1

c2

(
1− r2

r2a

)(
r

ra

) 1
2

(14)

and thus an infinitesimal interval of traveling time dt as
function of an infinitesimal interval of radial displacement
dr gives

dt = − dr

c1
c2

(
1− r2

r2a

)(
r
ra

) 1
2

(15)

The calculation of the total axial length traveled by the
particle (which is the desired parameter) is now straight-
forward. An infinitesimal axial displacement, dl, is given

by multiplying the infinitesimal interval of time dt by the
axial velocity of the particle at a given radial location ul.

dl = ul · dt (16)

and then, taking into account Eq.(15) and Eq.(7) with
our approximation ul = 0.5ug , Eq.(16) becomes

dl = −ūg
c2
c1

r
1
2
a
dr

r
1
2

(17)

Integrating the above equation considering the most
pessimistic initial position of the particle, i.e., far away
from the centerline of the channel at r = ra − rb which
maximizes the traveling time and then the length needed
by the particle to attain the central position, and as final
position r = ra and the values for the parameters c1 and
c2 given by Eq.(12) and Eq.(13), respectively, one obtains
for the magnitude (absolute value) of the total length

∫ LT

o

dl = −ūg
c2
c1

r
1
2
a

∫ rb

ra−rb

dr

r
1
2

(18)

which after integrations yields

LT = 3.15

√
ν

ūg
· ra
rb

[
r

1
2

b − (ra − rb)
1
2

]
(19)

by defining the Reynolds number of the channel Re =
raūg

ν , Eq.(19) may be rewritten in a more compact form
as

LT =
3.15√
Re

√
ra
rb

[
1−

(
ra
rb

− 1

) 1
2

]
· ra (20)

and for very small airborne particles when ra
rb

� rb

and
[
ra
rb

] 1
2 � 1, the magnitude of the length simplifies

as

LT � 3.15√
Re

[
ra
rb

]
· ra (21)

Eq.(21) is consistent with what would be expected.
Lift forces are increasing inasmuch that rb

ra
increase and

then the required length for focussing will decrease. The
above equation allow us a rapid assessment in the order
of magnitude of the length and then the feasibility of
the proposed idea. So, for example, typical Reynolds
numbers for the channel will be around Re = 5 as much,
and assuming a particle of radius, say, rb = 1 μ m and
an equivalent radius of the channel ra = 25 μ m ,i.e.,
equal than the aerodynamic radius of the pore of typical
face masks, we obtain LT � 0.9 mm. It is easy to see,
that the proposed concept of an aerodynamic barrier
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layer has the merit to be seriously considered.

In order to obtain some idea of the shape of the length
for several values of the sizes of the particles, aerody-
namic radius of the channel and air velocities predicted
by Eq.(20), we assume a value ν = 1.4 × 10−5m2/s for
the kinetic viscosity of air and two values of the aerody-
namic channel ra = 25 μm and ra = 10 μm which are
between the reported values for the aerodynamic radius
of the pore for medical masks, [19].

The resulting curves are shown in Fig. 7 and Fig. 8
for the specific case of aerodynamic radius of the channel
ra = 25 μm and ra = 10 μm, respectively. On the other
hand, Fig. 9, is a pictorially illustrative comparison for
the specific case of ra = 25 μm; ūg = 0, 5m/s and two
particles of radius rb = 5 μm and rb = 2 μm.

• Discussion

It is seen that with a reduced length of the aerody-
namic barrier layer in the order of a few millimeters
-compatible with the thickness of conventional filtering
layers, the aerodynamic barrier layer is able to enhance
the capture for airborne particles may be up to 0.5 μm
diameter depending of the velocity of breathing. The
aerodynamic barrier layer only will need an inner and
outer crisscrossing fibres sheets (with the aerodynamic
barrier layer in between). No thick crisscrossing fibers
layers are need because now the diameter of the pore is
already larger than the enlarged particle. It is important
to stress that all this improvement is attained only by
a proper parallel re-arrangement of the fibres and then
harnessing laws of aerodynamics.

Finally, the calculation performed by the aerodynamic
barrier layer is by no means the optimized design. We
are using for example, a similar aerodynamic diameter
of the channel than that of the pore of the traditional
crisscrossing fibre layer, but actually, this diameter could
be increased and then the total drop pressure reduced
which will result into a better breathability of the mask,
of course, as counterpart, the lift will be reduced and then
the length of the aerodynamic barrier layer increased,
therefore there must be an optimum equivalent radius
of the channel in which the breathability is maximized
and at the same time the length is within reasonable
magnitude. A simple calculation can be performed to see
the effect of the variation of the diameter of the channel
on the drop pressure and the length by using the Hagen-
Poiseuille law for the pressure drop

Δp =
8ρνūgLt

r2a
(22)

By inserting Eq.(21) for the length of the channel,
Eq.(22) becomes

Δp =
25.2ρν

rb

√
νūg

ra
(23)

Therefore, the drop pressure varies with 1√
ra

and the

length given by Eq.(21) with r
3
2
a . For the sake of illus-

tration, Fig. 10 shows the comparative variation of the
drop pressure and the length of the aerodynamic barrier
layer for a particle of radius rb = 10 μm and a velocity
flow ūg = 4 m/s with an initial equivalent radius of the
channel ra,o = 25 μ m.

B. Coalescence efficiency

In the preceding section a first preliminary calculation
of the required length of the aerodynamic barrier layer
was performed. Nevertheless, caution should be taken.
The calculated length is referred to the length required
for the lift forces to focus water droplets (or hygroscopic
particles covered by water films) at the center of the chan-
nel, nevertheless, clustering or collision does not guaran-
tee coalescence per se. In fact, when two drops collide
various types of interactions are feasible,[20] namely. (a)
they may bounce apart; (b) they may coalesce and re-
main permanently united; (c) they may coalesce tem-
porally and separate, apparently retaining their initial
identities; they may coalesce temporally and then break
into a number of small drops. The ratio of the number of
coalescence to the number of collisions is called the coa-
lescence efficiency εc. This efficiency depends of several
factors, for example, drop sizes, relative velocity of colli-
sions and also influenced by the existing electrical fields,
however, for sizes smaller than 100μm in radius, it has
been found that the important interactions are (a) and
(b), [20], but for very small drops as are the airborne
droplets the coalescence efficiency is close to 1.
The quantity which is useful in analyzing the formation
of droplets and droplets is the Weber number We which
is the dimensionless number in fluid mechanics which ac-
counts for the relative importance of the fluid’s inertia
compared to its cohesion force and is given by

We =
ρv2lc
γ

(24)

where v is the velocity of collision, which for a two
droplets approaching each other may be taken as the rel-
ative velocity between them; and lc is the characteristic
length, typically the droplet diameter; and γ is the sur-
face tension. So, it is expected that the coalesce efficiency
be a function of this number, i,.e, εc = f(We). In a re-
cent study (Straub and Beheng, 2010) [14], it was found
numerically that the coalescence efficiency yields

εc = exp−1.15We (25)
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FIG. 7: Total length of the channel required for focusing a given particle of radius rb and an aerodynamic radius of the channel
ra = 25 μm as a function of the average velocity of air.

FIG. 8: Total length of the channel required for focusing a given particle of radius rb and an aerodynamic radius of the channel
ra = 10 μm as a function of the average velocity of air.

For our case, the velocity of the droplet will be in the
order of v � ūg at best, and the characteristic length the
diameter of the droplet lc = 2rb and then

We � 2rbρū
2
g

σ
(26)

Taking typical values of the parameters ρ = 1.25
kg/m3; ra = 25 μm; rb = 1 μm; γ = 70 mN/m; and
ūg = 5 m/s, we have a Weber number We � 9 × 10−4,
and then by Eq.(25) the coalescence efficiency can be as-
sumed as εc = 1

C. Filtration efficiency

Considering that upon contact the probability of
coalescence is near to 1, we can provide some upper limit
on the maximum efficiency in filtrationin comparison
when no aerodynamic barrier is present.

Let us consider that our aerodynamic barrier layer has
an hydraulic radius equal than the hydraulic radius of the
pore, i.e., ra, and a length LT . The total volume of this
equivalent channel will be πr2aLT . On the other hand,
inside the channel the environment is at the saturation
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FIG. 9: Pictorially illustrative plot of the numerical cal-
culations performed for the specific case of ra = 25 μm;
ūg = 0, 5m/s and rb = 5 μm and rb = 2 μm.

FIG. 10: Comparison of the variation of the drop pressure and
the length of the aerodynamic barrier layer with the increase
of the radius of the channel.

humidity ( exhalant breathing is at the saturation and
a temperature around 40o C. Let us call this absolute
humidity H in kg/m3 of water. The total water content
inside the channel will be therefore πr2aLTH. Then, the
maximum efficiency is obtained if all the water content is
grouped in a single big droplet at the center of the chan-
nel by the induced lift. Thus, the maximum permissible
radius r∗b of this single droplet is given by

4

3
ρbπr

∗3
b = πr2aLTH ;

r∗b = 3

√
3Hr2aLT

4ρb
(27)

It is interesting to see, that once fixed the length of the
aerolayer LT , the maximum attainable radius of the drop
is independent of the size of single droplets and only in
the total water content inside the channel, i.e., the abso-
lute humidity. This implies that the aerodynamic barrier
is making use of all the available water content inside the
channel, and of course, does not matter if, for example,
a virus or pathogen agent is contained in a single droplet.

With the maximum radius r∗b we may asses the effi-
ciency in capturing the droplet by using the penetration
cross section given in Eq.(1). Thus, with rb = r∗b , the
penetration cross section modified by the aerolayer, is
given by σa = σ(r∗b )

σa = πr2a

[
1−

(
3HLT

4ρbra

) 1
3

]2

(28)

and the penetration ratio using the aerolayer σa and
without this σ for a given droplet with radius rb is given
by

σa

σ
=

[
1−

(
3HLT

4ρbra

) 1
3

]2
[
1− rb

ra

]2 (29)

where it is seen that the penetration ratio decrease
inasmuch that the radius of the droplet decrease, in
other words, the comparative efficiency of the aerolayer
to stop droplets is higher as smaller is the particle.

The humidity inside the pore and channel is equal to
the humidity of breathing which is at the saturation at
the temperature of the exhaled air which is typically
around T = 40oC and then the saturation humidity will
be around H ≈ 6× 10−2 kg/m3; the hydraulic radius of
the pore is as previously used around 25 μm, and with
ρb = 1000 kg/m3 for water droplet, and fixing LT = 5
mm which is more than enough to focus particles up to
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FIG. 11: Penetration cross section area ratio as function of
the radius of a given droplet.

1 μm or less as previously derived, we obtain the curve
shown in Fig. 11. It is seen that the use of the aero-
dynamic barrier may reduce the penetration of airborne
particles around a ≈ 55.5% in comparison when there is
not aerodynamic barrier, which for a simple spatial re-
arrangement of the fibers has the merit to be considered.

III. CONCLUSIONS

In this work consideration was given to an aerodynamic
concept for filtration of small water droplets such as those
caused by an infected person when coughs or sneezes and
including airborne hygroscopic particle, and with partic-
ular application to medical masks. Nowadays, the ef-
ficiency of such masks is strongly reduced for airborne
particles and increasing the efficiency implies either in-
creasing the thickness of the filtering layers or decreasing
the aerodynamic equivalent diameter of the pore, both
measures in clear detriment of its breathability. Here, a
novel strategy is proposed in which efficiency is increased,
not by decreasing the diameter of the pore but actually
by increasing the diameter of the water droplet itself. We
called this concept as the aerodynamic barrier layer. In
this concept a layer with parallel arrangement of micro
fibers in the direction of the flow is located just before the
traditional filtering layer and being able to promote lift
forces which induce clustering, coalescence and growth of
water droplets at the center of the aerodynamic channel.
The enlarged drop after passing though the aerodynamic
barrier layer is now easy captured by a conventional fil-
tering layer. Some interesting questions are concluded by
this preliminary study as follows:

a) A micro layer composed by a parallel rearrange-
ment of fibers to the flow air can induce central lift

forces acting on the water droplets or hygroscopic
particles coated by water films.

b) The lift forces can promote clustering of airborne
water droplets at the center channels and promot-
ing coalescence and growth of the water droplets.
The coalesce efficiencies are near to 1 and without
affecting the breathability of the medical mask.

c) The required length of the aerodynamic barrier
layer is in the same same order than the thickness
of conventional filtering layers an then the concept
has merit to be considered as a novel strategy to
endow conventional medical masks with capabil-
ity to filter airborne particles without affecting its
breathability.

d) It is seen that the use of the aerodynamic barrier
may reduce the penetration of airborne particles
around a ≈ 55.5% in comparison when there is not
aerodynamic barrier, which for a simple spatial re-
arrangement of the fibers has the merit to be con-
sidered.

d) Further research is required for the optimization
and design of the aerodynamic barrier layer.

IV. APPENDIX

• Entrance length

In the previous calculation we are assuming a flow
which is fully developed and then neglecting the effects
acting on the droplet immediately is entering the chan-
nel. For our case of laminar flow, the distance immedi-
ately after entering the channel before the flow becomes
fully developed,[18] is given by

le = 0.1Re · ra (30)

However, by comparison this length is much smaller
than the traveling length calculated from Eq.(14) and
then can be neglected.

• The effect of local humidity

The growth rate of the droplet owing to the local ab-
solute humidity H may be estimated using the following
relationship, [20]

drb
dt

≈ ε̄Hul

4ρb
(31)

where ε̄ is an effective average value of collection ef-
ficiency for the droplet population. After integration of
Eq.(31) one obtains
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rb
rbo

= 1 +
ε̄Hul

4ρbrbo
t (32)

where t is the traveling time, and rbo is the initial size of
the droplet, i.e., at the inlet of the pore and t = 0.

Because, ult = L, i.e., the length of the pore, Eq.(32)
can be rewritten as

rb − rbo
rbo

=
ε̄HL

4ρbrbo
(33)

Typical collector efficiencies for droplets with radius
less than 10 μm are less than a 1%, [21], and assuming
the saturation absolute humidity at T = 40oC we have
H ≈ 6 × 10−2 kg/m3; a drop density ρb = 103 kg/m3

a length of the pore, say, 5 mm, then for droplets with
diameters around 5μ m, we have that the factor of
growth by local humidity will be rb

rbo
≈ 1 and then the

growth of the particle at the moment leaving the chan-
nel will be rb−rbo

rbo
≈ 1.5×10−4 which is clearly negligible.

• The case for solid particles

The aerodynamic barrier layer act indistinctly no mat-
ter if the particle is liquid of solid. However, for the case
of solid particles once the particles are focused in the cen-
terline of the channel, the mechanism for attachment will
be not by coalescence but rather by van der Waals forces.
The van der Waals force FW for two spherical particles
with radius, say, R1 and R2 in the limit of close-approach
is given by, [17],

FW = − AR1R2

(R1 +R2)6r2
(34)

where A is the Hamaker coefficient, which is a constant
(≈ 10−19J-to- ≈ 10−20J) that depends on the material
properties; R1 and R2 are the radius of the spherical
particles approaching; and r is the distance between the
surfaces ( particles in contact r = 0). It is seen that
when r → 0 the expression indicates that infinite force is
required to separate a particle pair. This is the big issue
in nanomagnetic particles (ferrofluids), where in order to
avoid permanent attachment and agglomeration of the
nanomagnetic particles due to van der Waals forces mea-
sures must be taken such as the use of soapy surfactants
to coat the nanoparticles, e.g., oleic acid, tetramethylam-
monium hydroxide, citric acid, soy lecithin, just to name
a few, to prevent agglomeration of the particles. Never-
theless, this example cannot be generalized the Hamaker
coefficient can be either negative or positive meaning that
the van der Waals force can be attractive or repulsive.

NOMENCLATURE

cl = shear lift coefficient
c1, c2 = constants
F = force
G = dimensionless parameter
H = absolute humidity
lc = characteristic length
le = entrance length
lt = traveling length
m = mass
p = pressure
ug = axial air velocity
ūg = average axial air velocity
ul = axial particle velocity
vb = transverse particle velocity
r = radial distance from the centerline
ra = hydraulic radius of the porous media
rb = radius of the droplet
Re = Reynolds number of the channel
Reb = Reynolds number of the particle
t = time
We = Weber number

aaa
Greek symbols
εc = coalescence efficiency
ε̄ = average collection efficiency
ν = kinematic viscosity of the air

ρ = density of the fluid
ρb = density of the droplet. water
σ = penetration-pore cross section
γ = surface tension

aaa
subscripts
a = channel
b = particle, droplet
c = coalescence
l = lift, fluid
d = drag
r = radial
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