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AIRBORNE SYSTEM AND METHOD FOR
REMOVING POLLUTANTS FROM A
VOLUME OF AIR

FIELD

[0001] The present disclosure relates generally to air filters
and, more particularly, to an airborne system and method for
removing one or more types of pollutants from air.

BACKGROUND

[0002] Air pollution is a significant problem for many
major cities. For example, air pollution is responsible for
many health conditions in humans including pulmonary
irritations, heart disease, and lung cancer. Air pollution can
include noxious gasses, liquids, and particulates that enter
the atmosphere. Smog is a common form of air pollution and
is caused by particulates in the air that act as nucleation
centers for water molecules that become large enough to
scatter light. Smog can also include oxides of sulfur and
nitrogen from the exhaust emissions of motor vehicles.
[0003] Current methods for reducing air pollution are
directed toward reducing or minimizing sources of air
pollution. For example, air quality standards have been
enacted setting upper limits on the concentration of certain
types of pollutants. Legislation has also been enacted setting
standards for minimum levels of fuel efficiency for motor
vehicles. Taxes are imposed on manufacturers of new motor
vehicles that fail to meet fuel efficiency standards. Environ-
mental agencies have also set limits on emissions from
factories, power plants, and other industrial facilities.
[0004] Unfortunately, current methods do not address the
removal of existing pollutants from the atmosphere. In this
regard, smog-producing particulates can remain suspended
in the air for a relatively long period of time due to their very
small size. Although suspended particulates may eventually
be washed to the ground during a precipitation event, certain
geographic areas may go for months without rainfall. Fur-
thermore, certain pollutants that are washed to the ground
may be harmful to plants and animals.

[0005] As can be seen, there exists a need in the art for a
system and method for actively removing pollutants from
the atmosphere.

BRIEF SUMMARY

[0006] The above-described needs associated with the
removal of pollutants from the atmosphere are specifically
addressed and alleviated by the present disclosure which, in
an aspect, provides an air filter bank which may include a
housing configured to be coupled to an exterior of an air
vehicle. The housing may have an air intake at a forward end
and an air exit at an aft end and defining an air path
therebetween. The air filter bank may further include at least
one air filter positioned within the housing along the air path.
The air filter may be configured to remove pollutants
entrained in a volume of air entering the air intake and
impinging on the filter surfaces prior to exiting the air exit.
[0007] In a further aspect, disclosed is an air vehicle
including at least one air filter bank coupled to an exterior of
the air vehicle. The air filter bank may be operable to remove
pollutants from a volume of air passing through the air filter
bank during forward motion of the air vehicle.

[0008] Also disclosed is a method of manufacturing an air
vehicle for removing pollutants from a volume of air. The
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method may include providing an air filter bank operable to
remove pollutants from a volume of air passing through the
air filter bank. The method of manufacturing the air vehicle
may further include affixing the air filter bank to an exterior
of an air vehicle.

[0009] In addition, disclosed is a method of removing a
pollutant from a volume of air. The method may include
moving an air vehicle through the air along a direction of
forward motion. The air vehicle may include an air filter
bank coupled to an exterior of the air vehicle. The method
of removing the pollutant from the volume of air may also
include passing a volume of air through the air filter bank
when moving the air vehicle through the air. The method
may additionally include removing, using the air filters,
pollutants from the volume of air.

[0010] The features, functions and advantages that have
been discussed can be achieved independently in various
embodiments of the present disclosure or may be combined
in yet other embodiments, further details of which can be
seen with reference to the following description and draw-
ings below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] These and other features of the present disclosure
will become more apparent upon reference to the drawings
wherein like numerals refer to like parts throughout and
wherein:

[0012] FIG. 1 is a block diagram of an aircraft that may
include an air filter bank for removing pollutants from the
air;

[0013] FIG. 2 is a perspective view of an example of an
aircraft including an air filter bank

[0014] FIG. 3 is a front view of an example of the aircraft
of FIG. 2;
[0015] FIG. 4 is a side view of an example of the aircraft

taken along line 4 of FIG. 3;

[0016] FIG. 5 is a partial perspective view of an example
of an air filter bank taken along line 5 of FIG. 2;

[0017] FIG. 6 is a side view of an example of the air filter
bank taken along line 6 of FIG. 5 and illustrating a series of
air filters positioned within the housing;

[0018] FIG. 7 is a side view of the air filter bank of FIG.
6 showing a volume of air entering the air intake prior to
impinging on the filter surfaces for removal of pollutants;
[0019] FIG. 8 is a flowchart illustrating one or more
operations that may be included in a method for manufac-
turing an air vehicle for removing pollutants from a volume
of air;

[0020] FIG. 9 is a flowchart illustrating one or more
operations that may be included in a method of removing
pollutants from a volume of air;

[0021] FIG. 10 is a side view of an example of a flying
formation of air vehicles each having an air filter bank for
removing pollutants from the atmosphere above a city;
[0022] FIG. 11 is a top view of an example of a flying
formation of air vehicles removing pollutants from the
atmosphere;

[0023] FIG. 12 is a chart listing the approximate dimen-
sions and filtering capability for two examples of an air filter
bank that may be carried by a fleet of air vehicles over a city
for filtering pollutants from the atmosphere.
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DETAILED DESCRIPTION

[0024] Referring now to the drawings wherein the show-
ings illustrate various examples of the disclosure, shown in
FIG. 1 is a block diagram of an air vehicle 100 such as an
aircraft 102 including an air filter bank 200 for removing
pollutants 124 from the air. The air filter bank 200 may
include a housing 202 configured to be coupled to an
exterior of the air vehicle 100 at one or more locations. The
housing 202 may have a forward end 210 (FIG. 2) and an aft
end 212 (FIG. 2). The forward end 210 may include an air
intake 214 configured to receive a volume of air 122 from
the atmosphere through which the air vehicle 100 is flying.
The aft end 212 may include an air exit 216. The housing
202 may include a housing interior 224 (FIG. 2) having an
air path 266 (FIG. 6) extending between the forward end 210
and the aft end 212. The air exit 216 may exhaust the volume
of air 122 after passing through the housing interior 224.

[0025] The air filter bank 200 may include at least one air
filter 250 positioned within the housing 202 along the air
path 266. In one example, the air filter bank 200 may include
a series of air filters 250 arranged in spaced relation to one
another along a direction of the air path 266 from the air
intake 214 to the air exit 216. The air filters 250 may have
one or more filter surfaces 258 protruding into the air path
266. The air filters 250 may be operable or configured to
remove pollutants 124 entrained in the volume of air 122
entering the air intake 214 and impinging on the filter
surfaces 258 prior to the volume of air 122 exiting the
housing 202 at the air exit 216.

[0026] FIG. 2 shows a perspective view of an example of
an aircraft 102 having an air filter bank 200 suspended below
the aircraft 102 and providing an airborne system for remov-
ing pollutants 124 from the atmosphere. The aircraft 102
may include a fuselage 104 having a nose at a forward end
210 of the aircraft 102 and an empennage 112 at an aft end
of the aircraft 102. The empennage 112 may include a
horizontal tail 114 and/or a vertical tail 116 for directional
control and stability of the aircraft 102. However, the aircraft
102 may include tail configurations other than a horizontal
tail 114 and a vertical tail 116. The aircraft 102 may include
one or more wings 106 extending outwardly from the
fuselage 104. The aircraft 102 may further include one or
more propulsion units 108 which may be mounted a fuselage
104 and/or to the wings 106. In the example of FIG. 2, the
propulsion units 108 are shown having a propeller 110.

[0027] The propulsion units 108 powered by any one of a
variety of different power sources. For example, the propul-
sion units 108 may be configured as conventional internal
combustion engines and/or a gas turbine engines, or the
propulsion units 108 may be powered by fuel cells or by
solar cells to avoid producing emissions. A rechargeable
battery may be included to allow continued operation of the
aircraft during periods of low sunlight. In one example, the
aircraft 102 may have a plurality of solar cells on the upper
surface of the wings 106 and/or the horizontal tail 114 for
generating electricity for powering electric motors to drive
the propellers 110.

[0028] In FIG. 2, the air filter bank 200 may include a
housing 202 which may be coupled to the aircraft 102 at one
or more locations. The housing 202 may be open on the front
end at the air intake 214 and open on the aft end 212 at the
air exit 216. The housing interior 224 may define the air path
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266 for the passage of a volume of air 122 through the
housing interior 224 from the air intake 214 to the air exit
216, as indicated above.

[0029] FIG. 3 shows a front view of the aircraft 102. In the
example shown, the housing 202 may have an upper wall
226 and a lower wall 228 facing the upper wall 226. The
housing 202 may also include an end wall 238 on each end
of the housing 202, although one or both of the end walls
238 may be omitted. In the example shown, the housing 202
may have a generally rectangular elongated configuration
when the housing 202 is viewed along a direction perpen-
dicular to the air intake 214. However, the housing 202 may
be provided in any configuration including a curved con-
figuration (not shown). The housing 202 may have a housing
length 218 which may be oriented substantially perpendicu-
lar to a direction of forward motion 118 of the aircraft 102.
In the example shown, the housing length 218 may be
slightly less than a wingspan of the wings 106. However, the
housing 202 may be provided in any housing length 218.
[0030] InFIG. 2-3, the housing length 218 may be divided
into two or more housing sections 204. Each housing section
204 may include a divider wall 240 on opposite ends of the
housing section 204. A pair of adjacent housing sections 204
may share a common divider wall 240. In other implemen-
tations, each housing section 204 may be bounded on
opposite ends by a separate divider wall 240. In some
examples, two or more housing sections 204 may be
assembled end-to-end to form a complete housing 202
which may be attached to an air vehicle 100. An air filter
bank 200 may be configured such that any one or more of the
housing sections 204 in an end-to-end series of housing
sections 204 may be removed and/or replaced.

[0031] Although not shown, the housing 202 may include
an external frame and/or an integrated frame that may be
incorporated into the housing 202 for supporting the housing
202 and/or housing sections 204, and to provide strength and
rigidity to the air filter bank 200. The frame may allow
housing sections 204 to be removed and replaced without
disassembling or separating the end-to-end system of hous-
ing sections 204. Each one of the housing sections 204 may
include one or more air filters 250 for removing pollutants
124 from the volume of air 122 passing through the housing
sections 204.

[0032] FIG. 4 shows a side view of the aircraft 102 of
FIGS. 2-3 and illustrating the upper wall 226 and the lower
wall 228 of the housing 202 including a series of air filters
250 protruding into the air path 266 (FIG. 6). The housing
202 may have a housing height 222 which may be described
as the vertical distance between the upper wall 226 and the
lower wall 228. In some examples, the housing height 222
maybe up to several meters or more. In some examples, a
filter surface may have a height of up to one meter or more
as measured from the upper wall 226 or the lower wall 228
from which the air filter 250 extends.

[0033] The housing 202 may have a housing depth 220
which may be described as the horizontal distance from the
forward end 210 of the housing 202 to the aft end 212 of the
housing 202. The housing depth 220 may be up to ten meters
or more. In some examples, the housing depth 220 may
allow for the mounting of at least one air filter 250 in the
housing interior 224. However, the housing depth 220 may
be of any size, without limitation. The housing length 218
(FIG. 3) may be greater than the housing depth 220. The
housing depth 220 may be greater than the housing height
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222 when the housing 202 is viewed from the side along a
direction parallel to the air path 266. However, the housing
geometry may be such that any one of the housing length
218, the housing depth 220, and the housing height 222 is
the longest dimension of the housing 202.

[0034] InFIG. 4, the housing 202 may be directly coupled
to the wings 106 and/or to the fuselage 104 of the aircraft
102. For example, the aircraft 102 may include one or more
housing supports 206. Each housing support 206 may couple
the housing 202 to the wings 106 such as at the location of
the propulsion units 108 or at another location along the
wings 106. In the example shown, a housing support 206
may include a system of pylons or struts 208 to couple the
housing 202 to the aircraft 102. The housing 202 may also
be coupled to the fuselage 104 such as at a forward end of
the fuselage 104. However, the housing 202 may be attached
to the aircraft 102 at any location. For example, although not
shown, a housing 202 may be mounted in spaced relation
above the wings 106. In a further example, a housing 202
may be mounted to the empennage 112.

[0035] Although the presently-disclosed air filter bank 200
is described in the context of a tube-and-wing 106 aircraft
102 as shown in FIG. 2-4, the air filter bank 200 may be
implemented on any type of manned or unmanned air
vehicle 100 including, but not limited to, blended-wing
aircraft, airships or dirigibles, balloons, or any other type of
air vehicle 100, without limitation, configured to move one
or more air filter banks 200 in a forward direction through
the atmosphere for removing pollutants 124 (FIG. 7). Fur-
thermore, any one of the air vehicles 100 may be propelled
by any type of propulsion system which may be powered by
any type a power source, without limitation, and is not
limited to the propeller-driven propulsion units 108 shown
in FIG. 2-4.

[0036] The housing 202 may oriented such that the air
intake 214 is facing the direction of forward motion 118 of
the aircraft 102. In this regard, the housing 202 may be
configured such that the air path 266 is generally aligned
with a direction of forward motion 118 of the aircraft 102.
The air filter bank 200 may include at least one air filter 250
extending from the lower wall 228 and/or from the upper
wall 226. The air filters 250 may include filter surfaces 258
configured for removing pollutants 124 from a volume of air
122 passing through the housing 202 prior to the discharge
of the volume of air out of the air exit 216 at the aft end 212
of the housing 202.

[0037] FIG. 5 is a partial perspective view of an example
of an air filter bank 200. As mentioned above, the housing
202 may be divided into housing sections 204. Each one of
the housing sections 204 may include an upper wall 226 and
a lower wall 228 and one or more divider walls 240. Two or
more housing sections 204 may be joined end-to-end to form
a complete housing 202 of an air filter bank 200 (e.g., see
FIGS. 2-3). Regardless of whether the housing 202 is
provided as a single unit or assembled from end-to-end
housing sections 204, the housing 202 may include a plu-
rality of air filters 250 extending into the air path 266 for
removing pollutants 124 (FIG. 7) from a volume of air 122
(FIG. 7) passing through the housing interior 224. Although
not shown, an air filter bank 200 may also be provided in an
implementation where two or more housings 202 or hous-
ings 202 sections are vertically stacked on top of one
another.
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[0038] FIG. 6 is a side view of an example of the air filter
bank 200 of FIG. 5. The upper wall 226 and the lower wall
228 may have a rounded forward edge 234 and a tapered aft
edge 236 to reduce aerodynamic drag of the housing 202.
The outer surfaces 230 of the upper wall 226 and lower wall
228 may be slightly rounded such that the upper wall 226
and/or lower wall 228 have a slender airfoil shape. The
slender airfoil shape of the upper and lower wall 226, 228
may facilitate efficient airflow over the outer surfaces 230
such that the airflow remains attached to avoid flow sepa-
ration and minimize aerodynamic drag of the housing 202.
[0039] FIG. 6 shows a series of air filters 250 positioned
within the housing 202. As indicated above, at least one or
more air filters 250 may extend from the upper wall 226
and/or the lower wall 228. For example, one or more air
filters 250 may extend downwardly from the inner surface
232 of the upper wall 226. One or more air filters 250 may
extend upwardly from the inner surface 232 of the lower
wall 228. The air filters 250 may have a free edge 254
extending into the air path 266. In some examples, the
housing 202 may allow for at least two of the air filters 250
on the lower wall 228 and at least two of the air filters 250
on the upper wall 226. Although not shown, an air filter bank
200 may include air filters 250 extending from only the
upper wall 226 or air filters 250 extending from only the
lower wall 228, and the remaining wall may be devoid of air
filters 250.

[0040] In the example shown, the air filters 250 on the
upper wall 226 and/or the air filters 250 on the lower wall
228 may be longitudinally spaced apart from one another.
For example, the longitudinal location of the free edge 254
of one of the air filters 250 on the upper wall 226 and/or the
lower wall 228 may be located forward of the longitudinal
location of the mounted edge 252 of an adjacent air filter 250
on the respective upper wall 226 and/or lower wall 228, and
which may provide a horizontal gap 262 between the
adjacent pair of air filters 250 on the same wall 226, 228. In
addition, the air filter bank 200 may be configured such that
an adjacent pair of air filters 250 on the upper wall 226
and/or the lower wall 228 may be spaced apart from one
another at a filter spacing 260 which may be described as the
distance between the free edges 252 of adjacent air filters
250. The filter spacing 260 may be greater than the hori-
zontal distance between a mounted edge 252 and a free edge
254 of an air filter 250. The filter spacing between adjacent
air filters may allow the volume of air passing through the
housing interior to contact a full height of each one of the
filter surfaces 258 as the air cascades off of each air filter 250
in the series from the forward end 210 to the aft end 212 of
the housing 202.

[0041] The air filters 250 extending downwardly from the
upper wall 226 may be horizontally staggered in relation to
the air filters 250 extending upwardly from the lower wall
228. In this regard, the air filters 250 may be staggered such
that a free edge 254 of an air filter 250 extending down-
wardly from the upper wall 226 is approximately longitu-
dinally midway between the free edges 254 of a pair of air
filters 250 extending upwardly from the lower wall 228.
However, the air filter bank 200 may be provided in an
implementation wherein the air filters 250 extending from
the upper wall 226 are generally longitudinally aligned with
the air filters 250 extending from the lower wall 228.

[0042] In some examples, the air filters 250 may be
configured to provide a vertical gap 264 between the free
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edges 254 of the air filters 250 of the upper wall 226 and the
free edges 254 of the air filters 250 of the lower wall 228.
In this regard, the air filters 250 extending from the upper
wall 226 and lower wall 228 may be arranged to allow for
direct line-of-sight through the housing interior 224 along
the air path 266 from the air intake 214 to the air exit 216.
The direct line-of-sight may reduce the amount of aerody-
namic drag generated by the volume of air impinging on the
series of air filters 250. However, the air path 266 may be a
tortuous path without line-of-sight between the air intake
214 and the air exit 216.

[0043] The filter surfaces 258 on at least one wall (e.g., on
the upper wall 226 or the lower wall 228) may all have the
same filter height 256. Alternatively, the filter surfaces 258
on at least one wall 226, 228 may have filter heights 256 that
vary. For example, the filter surfaces 258 on one wall at the
forward end 210 may have a reduced filter height 256
relative to the filter height 256 of the filter surfaces 258 on
the same wall at the aft end 212 of the housing 202. The filter
heights 256 may gradually increase from the forward end
210 to the aft end 212 to minimize acrodynamic drag and/or
to maximize the pollutant-removing capability of the filter
surfaces 258 of a series of air filters 250.

[0044] In some examples, the filter surfaces 258 may be
oriented non-parallel to the air path 266. For example, one
or more of the filter surfaces 258 may be oriented perpen-
dicular to the air path 266. FIG. 5 illustrates the filter
surfaces 258 configured as planar slats oriented perpendicu-
lar to the air path 266 which, as indicated above, is generally
parallel to the direction of forward motion 118 of the air
vehicle 100. In other examples, the filter surfaces 258 may
be oriented non-perpendicularly relative to the air path 266.
In addition, any one or more of the filter surfaces 258 may
have a non-planar configuration, and are not limited to the
planar configuration shown in the Figures. For example, a
filter surface may have a concave profile, a convex profile,
or other profiles when viewed from the side.

[0045] Referring still to FIG. 6, at least one of the filter
surfaces 258 may be oriented at a non-perpendicular filter
surface angle relative to the air path 266 when the filter
surface is viewed from a side. In this regard, one or more of
the filter surfaces 258 may be angled in an aft direction or
slanted direction relative to the direction of forward motion
118 (FIG. 4) of the aircraft 102. The aft angled or slanted
orientation of the filter surfaces 258 may reduce the amount
of aerodynamic drag generated by the volume of air 122
impinging on the filter surfaces 258.

[0046] FIG. 7 shows the air filter bank 200 of FIG. 6 and
a volume of air 122 entering the air intake 214. As indicated
above, the volume of air 122 may be obtained from a region
of the atmosphere containing pollutants. Due to the forward
motion 118 of the air vehicle 100, the volume of air 122 may
enter the air intake 214 and may impinge on the filter
surfaces 258. For example, a volume of air 122 may impinge
or bounce off of the series of filter surfaces 258 in a
cascading manner as the volume of air 122 moves through
the housing interior 224 prior to exiting the air exit 216. The
filter surfaces 258 may be configured to collect pollutants
124 as the volume of air 122 is deflected off of the filter
surfaces 258.

[0047] The air filters 250 may be configured to remove
one or more types of pollutants 124 from the volume of air
122 prior to discharge of the volume of air 122 at the air exit
216. Any one or more of the air filters 250 may be configured

Oct. 6, 2016

to remove pollutants 124 in solid, liquid, and/or gaseous
form. In one implementation, at least one of the filter
surfaces 258 may configured as an electrostatic filter con-
figured to capture and retain particulates entrained in the
volume of air 122 impinging on the filter surfaces 258. In
addition, one or more of the air filters 250 may be configured
to capture and retain particulates of a specific size. The air
filters 250 may be provided with a specific charge (e.g.,
negative or positive) to capture a specific type of particulate.
In another example, one or more of the filter surfaces 258
may be configured as a chemical filter for or capturing and
retaining noxious gases. For example, one or more of the air
filters 250 may be a chemical filter activated with charcoal
and configured for capturing and retaining noxious gases. In
still other examples, a filter surface 258 may be configured
as a combination of an electrostatic filter and chemical filter
for filtering both particles and gasses.

[0048] As indicated above, pollutants 124 in the air may
include noxious gases (e.g., gas molecules of such noxious
gasses) including, but not limited to, oxides of sulfur and
nitrogen, carbon monoxide, ozone, and other gasses gener-
ated by the burning of hydrocarbons. In some examples, one
or more of the filter surfaces 258 may be provided with a
surface treatment or a coating configured to filter or remove
one or more types of pollutants 124 from the air.

[0049] One or more of the air filters 250 may also be
configured to repel moisture (e.g., water droplets) entrained
within the air. In some examples, one or more of the air
filters 250 may be provided with a hydrophobic coating to
allow the air filters 250 to repel moisture and extract and
retain the particulate (e.g., a soot particle) formerly sur-
rounded by a water droplet. One or more of the air filters 250
may be configured to capture and retain particulates from
volcanoes, forest fires, mining operations, dust storms,
power plants such as coal-burning plants, and other particu-
late sources.

[0050] An air filter bank 200 may include different types
of air filters 250 configured to remove different types of
pollutants 124 from a volume of air 122 passing through the
air filter bank 200. For example, the air filter bank 200 may
include one or more air filters 250 configured to remove
certain types of gasses, another type of air filter 250 con-
figured to remove particulates, and/or a still further type of
air filter 250 configured to remove certain types of liquids
from the volume of air 122 passing through the air filter bank
200. As indicated above, the volume of air 122 may be
deflected off of the series of air filters 250. Each air filter 250
may remove a portion of the pollutants 124 entrained in the
volume of air 122. The filter surfaces 258 may be configured
to remove a portion (e.g., 10-90 percent) of the pollutants
124 in a volume of air 122 moving from the air intake 214
to air exit.

[0051] FIG. 8 is a flowchart illustrating one or more
operations that may be included in a method 300 of manu-
facturing an air vehicle 100 for removing pollutants 124
from a volume of air 122. Step 302 of the method 300 may
include providing an air filter bank 200 operable to remove
pollutants 124 from a volume of air 122 passing through the
air filter bank 200. As indicated above, the air filter bank 200
may include a housing 202 coupled to the air vehicle 100
and having an air intake 214 at a forward end 210 and an air
exit 216 at an aft end 212 and defining an air path 266
therebetween. The air filter bank 200 may include at least
one air filter 250 positioned within the housing 202 along the
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air path 266. For example, the air filter bank 200 may
include a series of air filters 250 arranged in spaced relation
to one another along a direction of the air path 266.
[0052] As shown in FIGS. 5-7, the air filter bank 200 may
include one or more air filters 250 extending downwardly
from the inner surface 232 of an upper wall 226 and one or
more air filters 250 extending upwardly from the inner
surface 232 of a lower wall 228. The air filters 250 mounted
to the upper wall 226 may be horizontally staggered in
relation to the air filters 250 mounted to the lower wall 228.
The air filters 250 may be configured to provide line-of-sight
to the housing 202 to reduce the amount of aerodynamic
drag generated by the volume air passing along the air path
266 from the air intake 214 to the air exit 216. However, the
air filters 250 may be arranged such that the volume of air
122 is forced to follow a tortuous path (not shown) through
the housing interior 224 from the air intake 214 to the air exit
216.

[0053] The air filter bank 200 may be configured to be
modular to simplify assembly and transportation of the filter
bank 200. Modularity of the filter bank 200 may also
facilitate the removal, repair, and/or replacement of compo-
nents of the air filter bank 200. For example, the air filter
bank 200 may include a housing 202 that may be provided
in a modular arrangement of a plurality of housing sections
204 as shown in FIGS. 2-3. The housing sections 204 may
be assembled to form an air filter bank 200 of a desired
length based on the size of the air vehicle that is intended to
carry the air filter bank 200.

[0054] An air filter bank 200 may also be configured to
facilitate assembly and removal of individual air filters 250
from the housing 202. For example, the upper and/or lower
wall 226, 228 may be configured to facilitate the replace-
ment of individual air filters 250 such as on a periodic
maintenance basis or to replace damaged air filters 250. For
example, the upper mold and/or lower wall 226, 228 may be
provided with slots or grooves (not shown) that may be sized
and configured to receive the mounted edges 252 of the air
filters 250 to allow for manually sliding worn or damaged air
filter 250 in and out of the grooves. Modularity of the air
filters 250 may also facilitate the configuring of the air filter
bank 200 for specific types of pollutants 124 to be removed
from the atmosphere at a given geographic location. For
example, air filters 250 configured for removing noxious
gases from the atmosphere may be replaced with air filters
250 configured for removing air pollution comprised pre-
dominately of particulates such as soot.

[0055] Step 304 of the method 300 may include affixing
the air filter bank 200 to an exterior of an air vehicle 100. In
the example shown in FIGS. 2-3, the air filter bank 200 may
include an elongated housing 202 which may be supported
by one or more housing supports 206 extending between the
wings 106 and the housing 202. A housing 202 may addi-
tionally be coupled to the fuselage 104 or to other location
on an air vehicle 100. As may be appreciated, an air vehicle
100 may include one or more air filter banks 200 mounted
to the exterior of an aircraft 102. As indicated above, one or
more air filter banks 200 may be attached to the air vehicle
100 in any one of a variety of different locations, and is not
limited to being supported below the wings 106.

[0056] An air filter bank 200 may be coupled to an air
vehicle 100 in a manner that facilitates rapid assembly and
disassembly of the air vehicle 100. In this regard, the
construction of the air filter bank 200 and the air vehicle 100
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is preferably modular to facilitate disassembly of the air
filter bank 200 and the air vehicle 100 for shipping to
another geographic location. In addition, the air filter bank
200 and the air vehicle 100 are preferably constructed of
relatively low-cost and low-weight materials and may be
assembled using low-cost manufacturing processes.

[0057] FIG. 9 is a flowchart illustrating one or more
operations that may be included in a method 400 of remov-
ing pollutants 124 from a volume of air 122. Step 402 of the
method 400 may include moving an air vehicle 100 through
the atmosphere along a direction of forward motion 118. For
example, an air vehicle 100 may fly through a cloud of air
pollution located above a congested area such as a city. The
air vehicle 100 may have an air filter bank 200 coupled to an
exterior of the air vehicle 100. As described above, the air
filter bank 200 may include an air intake 214 facing a
direction of forward motion 118 of the air vehicle 100. The
air filter bank 200 may include a housing 202 having one or
more air filters 250.

[0058] Each one of the air filters 250 may have at least one
air filter surface 258. For example, an air filter bank 200 may
have a series of air filters 250 arranged in spaced relation to
one another along a direction of an air path 266 through the
housing 202 from the air intake 214 at the forward end 210
of the housing 202 to the air exit 216 at the aft end 212 of
the housing 202. In some examples, the air filters 250 may
be configured as slats, each of which may have a free edge
254 protruding into the air path 266 extending. However, as
indicated above, the air filters 250 may be provided in any
one of a variety of sizes, shapes, and configurations, without
limitation.

[0059] Step 404 of the method 400 may include passing a
volume of air 122 through the air filter bank 200 when
moving the air vehicle 100 through the atmosphere. In this
regard, the method may include operating one or more air
vehicles 100 at a predetermined altitude and causing a
volume of air 122 to enter the air intake 214 of the air filter
bank 200. The method may further include impinging the
volume of air 122 on one or more filter surfaces 258 in the
housing 202.

[0060] Step 406 of the method 400 may include removing,
using the air filters 250, pollutants 124 from the volume of
air 122. As indicated above, the volume of air 122 may move
along an air path 266 and may impinge on a series of filter
surfaces 258. The filter surfaces 258 may remove pollutants
124 from the air impinging on the filter surfaces 258. The
filter surfaces 258 may capture and retain pollutants 124
entrained in the volume of air 122 after which the volume of
air 122 may be discharged from the housing 202 at the air
exit 216.

[0061] Referring to FIGS. 10-11, shown is an example of
a plurality of air vehicles 100 flying in formation 120 for
removing pollutants 124 from the atmosphere above a city.
In this regard, the present disclosure contemplates the opera-
tion of one or more air vehicles 100 at one or more
predetermined altitudes or range of altitudes to remove
pollutants 124 from the atmosphere over a specific geo-
graphic area. In some examples, the air vehicles 100 may be
unmanned air vehicles 100 carrying air filter banks 200. The
air vehicles 100 may be operated to fly in formation 120 at
one or more altitudes containing high concentrations of
pollutants 124. For example, in the event of an inversion
layer, one or more of air vehicles 100 may be operated at or
immediately below the inversion layer (e.g., within several
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100 feet) to filter pollutants 124 that may be suspended in a
cloud of air pollution 126. A fleet of the air vehicles 100 may
make passes at several different altitudes where concentra-
tions of pollutants 124 are highest.

[0062] The method may include moving a fleet of air
vehicles 100 (FIG. 10) through the air, and collecting and
removing one or more types of pollutants 124 (FIG. 11) from
a volume of air 122 (FIG. 11) passing through the air filter
banks 200 as the air vehicles 100 fly through the atmosphere.
Such air vehicles 100 may be operated in a routine manner
and/or on an emergency basis to remove pollutants 124 from
the atmosphere. For example a fleet of unmanned air
vehicles 100 may be deployed on routine (e.g., daily) flights
over a city to maintain air quality above a predetermined
standard. A fleet of solar-powered unmanned air vehicles
100 may fly during daylight hours and may land when
sunlight is not available. Maintenance operations such as air
filter 250 changes and battery charging may be performed at
night or when sunlight levels are low. However, the air
vehicles 100 may be operated substantially continuously
including at night by using rechargeable batteries or by
activating a small gasoline engine that may be carried by the
air vehicles 100.

[0063] The air vehicles 100 may fly in formation 120
(FIGS. 10 and 11) in a predetermined flight pattern. For
example, air vehicles 100 may fly an elliptical orbit or
circular orbit around a predetermined point such as a promi-
nent building or a geographic landmark. Alternatively, a fleet
of unmanned air vehicles 100 may fly in a serpentine pattern
at one or more predetermined altitudes to capture and retain
pollutants 124 in the atmosphere. Advantageously, such air
vehicles 100 may be configured to operate from remote
runways and may dispense with the need to operate from a
paved runway or require a control tower for takeoff and
landing instructions. Each one of the air vehicles 100 made
have simple guidance and navigation equipment. For
example, navigational control of an air vehicle 100 may be
performed with the use of an on-board GPS system, a
camera, and an RF transceiver beacon.

[0064] Air vehicles 100 may be operated over congested
areas such as large cities to reduce smog which may become
trapped below an inversion layer. In addition, air vehicles
100 may be operated over strip mining operations, tar sand
oil extraction operations, and any other industrial operation
where volatile pollutant species and particulates may be
generated. In addition, air vehicles 100 may be operated
over events such as forest fires and volcanic events to reduce
the number of particulates that may drift into urban areas or
into commonly-used flight paths of commercial airliners. Air
vehicles 100 may also be operated in developing countries
which tend to produce relatively high levels of pollutants in
the atmosphere above highly populated cities

[0065] As mentioned above, the air vehicles 100 may be
provided with relatively large, high aspect ratio wings 106 to
provide a relatively high lift-to-drag ratio at preferably low
airspeeds. For example, the air vehicles 100 may have
operating airspeeds of 100 kilometers per hour (km/h) or
less, and may be configured to fly in relatively calm and/or
low-wind conditions to enable the use of relatively light-
weight and aerodynamically-efficient airframes requiring
relatively low amounts of propulsive power (e.g., thrust). Air
vehicles 100 may be flown in a predetermined pattern at
relatively low altitudes to minimize interference with local
airport traffic. The air vehicles 100 may be operated in an

Oct. 6, 2016

autonomous or in a semi-autonomous manner following a
predetermined flight path or pattern.

[0066] FIG. 12 is a chart illustrating approximate dimen-
sions for two (2) examples of an air filter bank 200 that may
be carried by one or more air vehicles 100 in a fleet for
filtering the atmosphere above a city. In Example 1, the
housing 202 has a housing height 222 of 3 meters and a
housing length 218 of 80 meters resulting in an area of the
air intake 214 of 240 square meters. At an air speed of
approximately 7.50x10* meters/hour (e.g., 75 km/h), each
air filter bank 200 may provide a filtering rate of approxi-
mately 1.80x107 cubic meters/hour. For ten (10) hours of
operation, the air filter bank 200 in Example 1 may filter a
volume of air of approximately 1.80x10® cubic meters. A
fleet of ten (10) air vehicles 100 each carrying one of the
above-described air filter banks 200 may filter a volume of
air of approximately 1.80x10° cubic meters. For a city with
an area of approximately 2.25x10® square meters (e.g.,
approximately 100 square miles) and for an altitude band of
500 meters (e.g., approximately 1500 feet), the total volume
of air to be filtered is approximately 1.13x10"! cubic meters.
Ten (10) air vehicles 100 each having an air filter bank 200
with the above-noted filtering capability may filter approxi-
mately 1.6 percent of the total volume of air over the city.
[0067] InExample 2, the housing 202 has a housing height
222 of 4 meters and a housing length 218 of 100 meters
resulting in an area of the air intake 214 of 400 square
meters. At an air speed of approximately 1.00x10° meters/
hour (e.g., 100 km/h), each air filter bank 200 may provide
a filtering rate of approximately 4.80x10” cubic meters/hour.
For 12 hours of operation, the air filter bank 200 in Example
2 may filter a volume of air of approximately 4.80x108 cubic
meters. A fleet of 20 air vehicles 100 each carrying one of
the above-described air filter banks 200 may filter a volume
of air of approximately 9.60x10° cubic meters. For the same
total volume of air over the city to be filtered as in Example
1, the fleet of 20 air vehicles 100 of Example 2 may filter
approximately 8.53 percent of the total volume of air over
the city.

[0068] The above-noted examples provide an indication
that a fleet of air vehicles 100 may treat a portion of the air
over a relatively large metropolitan area. As may be appre-
ciated, a larger quantity of vehicles may be operated with
larger filter banks to filter a greater portion of the air and
provide a significant improvement in air quality. In this
regard, the fleet of air vehicles 100 may be operated peri-
odically (e.g., daily) or on an as-needed basis (e.g., when an
inversion layer is present) to maintain the buildup of pol-
lutants (e.g., particulates) below a critical level.

[0069] Additional modifications and improvements of the
present disclosure may be apparent to those of ordinary skill
in the art. Thus, the particular combination of parts described
and illustrated herein is intended to represent only certain
implementations of the present disclosure and is not
intended to serve as limitations of alternative embodiments
or devices within the spirit and scope of the disclosure.

What is claimed is:

1. An air filter bank, comprising:

a housing configured to be coupled to an exterior of an air
vehicle, the housing having an air intake at a forward
end and an air exit at an aft end and defining an air path
therebetween;

at least one air filter positioned within the housing along
the air path; and
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the air filter having a filter surface configured to remove
pollutants entrained in a volume of air entering the air
intake and impinging on the filter surface prior to
exiting the air exit.

2. The air filter bank of claim 1, wherein:

the filter surface is oriented non-parallel to the air path.

3. The air filter bank of claim 1, wherein:

the filter surface is oriented at a non-perpendicular filter
surface angle relative to the air path when the filter
surface is viewed from a side.

4. The air filter bank of claim 1, wherein:

the housing has an upper wall and a lower wall facing the
upper wall; and

the at least one filter surface extending from an inner
surface of at least one of the upper wall and the lower
wall and having a free edge extending into the air path.

5. The air filter bank of claim 1, wherein:

the filter surface is configured as an electrostatic filter, a
chemical filter activated with charcoal, or a combina-
tion thereof.

6. The air filter bank of claim 1, where:

the housing has a housing length oriented substantially
perpendicular to a direction of forward motion of the
air vehicle.

7. An air vehicle, comprising:

at least one air filter bank coupled to an exterior of the air
vehicle; and

the air filter bank including one or more air filters operable
to remove pollutants from a volume of air passing
through the air filter bank during forward motion of the
air vehicle.

8. The air vehicle of claim 7, wherein the air filter bank

includes:

a housing coupled to the air vehicle and having an air
intake at a forward end and an air exit at an aft end and
defining an air path therebetween;

at least one air filter positioned within the housing along
the air path; and

the air filter having a filter surface configured to remove
pollutants from the volume of air entering the air intake
and impinging on the filter surface prior to exiting the
air exit.

9. The air vehicle of claim 8, wherein the at least one air

filter comprises:

a series of air filters arranged in spaced relation to one
another along a direction of the air path.

10. The air vehicle of claim 8, wherein:

the housing has a housing length oriented substantially
perpendicular to a direction of forward motion of the
air vehicle.

11. The air vehicle of claim 7, wherein:

the air vehicle includes one or more propulsion units
powered by at least one of the following: solar cells, a
battery, fuel cells, an internal combustion engine, a gas
turbine engine, and combinations thereof

12. A method of manufacturing an air vehicle for remov-

ing pollutants from a volume of air, comprising:
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providing an air filter bank having at least one air filter
operable to remove pollutants from a volume of air
passing through the air filter bank; and

affixing the air filter bank to an exterior of an air vehicle.

13. The method of claim 12, wherein:

the at least one air filter includes a series of air filters.

14. The method of claim 12, wherein the air filter bank

includes:

a housing coupled to the air vehicle and having an air
intake at a forward end and an air exit at an aft end and
defining an air path therebetween;

the air filter being positioned within the housing along the
air path; and

the air filter having a filter surface configured to remove
pollutants entrained in the volume of air entering the air
intake and impinging on the filter surface prior to
exiting the air exit.

15. The method of claim 14, wherein:

the housing has an upper wall and a lower wall facing the
upper wall; and

the air filter includes air filters extending from an inner
surface of the upper wall and air filters extending from
an inner surface of the lower wall.

16. The method of claim 14, wherein:

the housing has a housing length oriented substantially
perpendicular to a direction of forward motion of the
air vehicle.

17. A method of removing a pollutant from a volume of

air, comprising:

moving an air vehicle through the air along a direction of
forward motion, the air vehicle having an air filter bank
coupled to an exterior of the air vehicle, the air filter
bank having at least one air filter;

passing a volume of air through the air filter bank when
moving the air vehicle through the air; and

removing, using the air filter, pollutants from the volume
of air.

18. The method of claim 17, wherein the air filter bank

includes a housing containing the air filter having a filter
surface protruding into an air path extending from an air
intake at a forward end of the housing to an air exit at an aft
end of the housing, the step of removing pollutants from the
volume of air including:

passing the volume of air into the air intake;

impinging the volume of air on the filter surface;

removing, using the filter surface, pollutants from the
volume of air; and

discharging the volume of air from the air exit.

19. The method of claim 18, wherein:

the housing has a housing length oriented substantially
perpendicular to a direction of forward motion of the
air vehicle.

20. The method of claim 17, wherein the step of moving

the air vehicle through the air includes:

moving a fleet of the air vehicles through the air; and

at least some of the air vehicles having an air filter bank
configured to collect and remove a pollutant from a
volume of air passing through the air filter bank.
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