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To Air Filter Assembly

section and an angled section, the angled section inclined with respect to the
inlet section. The duct includes the housing positioned downstream of the
louvers in an air flow direction. The housing includes a drain configured to
permit separated water from an intake air passing through the louvers and into
the housing to be drained from the housing. The duct includes an inner inlet
duct that provides the intake air to a component. The inner inlet duct extends
into the housing and positioned downstream of the louvers in the air flow dir-
ection. The inlet duct extends above the drain by a distance thereby forming a
well in the housing between a top of the inner inlet duct and the drain.
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AIR INTAKE WATER SEPARATOR

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to India Provisional Patent Application No.
2750/CHE/2014, entitled “AIR INTAKE WATER SEPARATOR,” by Loken et al., filed on

June 5, 2014, which is herein incorporated by reference in its entirety and for all purposes.
TECHNICAL FIELD

[0002] The present invention relates generally to air filtration systems having an air intake

duct that removes water from intake air to prevent water from reaching the air cleaner.
BACKGROUND

[0003] Internal combustion engines generally combust a mixture of fuel (e.g., gasoline,
diesel, natural gas, etc.) and air. Prior to entering the engine, the intake air is typically passed
through an air filter to remove particulate (e.g., dust) from the intake air prior to combustion.
The presence of moisture in the intake air can cause damage to the engine, reduce the efficiency
of the air filter media, and reduce the life of the air filter media. Current moisture removal
systems positioned upstream of the air filters add a significant amount of restriction (e.g., cause
a high pressure drop) to the air filter system, thereby reducing performance of the air filter

System.
SUMMARY

[0004] An exemplary embodiment relates to an air intake duct. The air intake duct includes a
plurality of louvers forming an air inlet to a housing. Each louver includes an inlet section and
an angled section, the angled section inclined with respect to the inlet section. The air intake
duct includes the housing positioned downstream of the plurality of louvers in an air flow
direction. The housing includes a drain configured to permit separated water from an intake air
passing through the plurality of louvers and into the housing to be drained from the housing.
The air intake duct includes an inner inlet duct that provides the intake air to a component. The

inner inlet duct extends into the housing and positioned downstream of the plurality of louvers
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in the air flow direction. The inlet duct extends above the drain by a distance thereby forming a

well in the housing between a top of the inner inlet duct and the drain.

[0005] Another exemplary embodiment relates to an air intake duct. The air intake duct
includes a separator having a cylindrical shape. The separator includes a plurality of louvers
arranged in a cylindrical manner to form they cylindrical shape of the separator. Each of the
plurality of louvers includes a plurality of planar sections arranged in an angled manner to
separate water contained in intake air passing through the plurality of louvers. The air intake
duct further includes a cover fit on a top of the separator. The air intake duct includes a central
tube, the separator attached to the central tube. The central tube is positioned downstream of

the plurality of louvers in an airflow direction.

[0006] These and other features, together with the organization and manner of operation
thereof, will become apparent from the following detailed description when taken in

conjunction with the accompanying drawings.
BRIEF DESCRIPTION OF THE FIGURES

[0007] FIG. 1 is a perspective view of an air intake duct according to an exemplary

embodiment.

[0008] FIG. 2 is an exploded view of the air intake duct of FIG. 1.

[0009] FIG. 3 is a top cross-sectional view of the air intake duct of FIG. 1.

[0010] FIG. 4 is a close-up top cross-section view of a portion of the air intake duct of FIG. 1.
[0011] FIG. 5 is a side cross-sectional view of the air intake duct of FIG. 1.

[0012] FIG. 6 is a close-up side cross-section view of a portion of the air intake duct of FIG.
1.

[0013] FIGS. 7 through 9 show computer-generated computational fluid dynamic analysis
charts of the air intake duct of FIG. 1.
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[0014] FIGS. 10 and 11 show line graphs of testing data relating to the air intake duct of FIG.
1.

[0015] FIG. 12 is a perspective view of an air intake duct according to another exemplary

embodiment.
[0016] FIG. 13 is a top cross-sectional view of the air intake duct of FIG. 12.
[0017] FIG. 14 is a side cross-sectional view of the air intake duct of FIG. 12.

[0018] FIG. 15 is a perspective view of an air intake duct according to another exemplary

embodiment.

[0019] FIG. 16 is a top perspective view of the air intake duct of FIG. 15 with its cover

removed.
[0020] FIG. 17 is a side cross-sectional view of the air intake duct of FIG. 15.
DETAILED DESCRIPTION

[0021] Referring to the figures generally, an air intake duct of an air filter system that
removes water from intake air upstream of an air filter assembly is described. The air intake
duct includes a plurality of vertical louvers positioned upstream of a housing having an inner
inlet that provides intake air to the air filter assembly. The louvers coalesce and separate the
water in the intake air prior to entering the housing. Additionally, the housing causes an abrupt
change of direction of the intake air that causes coalescence of remaining water in the intake air
against the housing. The housing and the inner inlet create a well that collects remaining water
such that it can be ¢jected to the ambient by a drain hole while keeping the pressure drop at a
minimum. Accordingly, the air intake duct helps prevent water from reaching the air filter
assembly, and thus from reaching the device receiving filtered air from the air filter assembly.
Further, the air intake duct removes the water from intake air without adding a significant

amount of restriction to the air filter system.
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[0022] Referring to FIGS. 1 and 2, views of an air intake duct 100 are shown according to an
exemplary embodiment. FIG. 1 shows a perspective view of the air intake duct 100. FIG. 2
shows an exploded view of the air intake duct 100. The air intake duct 100 supplies intake air
to a component such as an air filter assembly (not shown). Exemplary air filter assemblies are
described in U.S. Patent No. 8,668,756, U.S. Patent No. §,632,618, U.S. Patent No. 8,535,403,
U.S. Patent No. §,147,578, U.S. Patent No. 7,867,311, U.S. Patent No. 6,958,083, and U.S.
Patent No. 6,814,772, ecach of which are incorporated by reference in their entireties for all

purposes.

[0023] The air intake duct 100 receives intake air through a plurality of louvers 102. The
louvers 102 are arranged in a vertical manner to direct water out of the air intake duct 100 and
to prevent re-entrainment of the separated water. A bottom portion of the louvers may include
a ramp that guides separated water out of the louvers 102 and away from the air intake duct
100. The louvers 102 are hingedly attached to a housing 104 through a hinge assembly 106. A
snap connection 108 secures the louvers 102 to the housing 104. Alternatively, a buckle, a
fastener, or another connector secures the louvers 102 to the housing 104. The housing 104 is
positioned downstream of the louvers 102 in an air flow direction. The housing 104 is fit over
an inner inlet 110. The inner inlet 110 extends into the housing 106 and is positioned
downstream of the louvers 102 in the air flow direction. The inner inlet 110 is an inlet duct that
provides the intake air to the air filter assembly. The housing 104 is secured to the inner inlet
110 through a snap connection 112. A seal 114 or gasket (formed of rubber in one
implementation) may be provided between the housing 104 and the inner inlet 110 to prevent
air from leaking directly into the inner inlet 110 (e.g., intake air that bypasses the louvers 102)
or to prevent air from leaking out of the housing 104 (e.g., intake air that has already passed

through the louvers 102).

[0024] Referring to FIG. 3, a top cross-sectional view of the air intake duct 100 is shown. As
discussed above, the air intake duct 100 includes the plurality of louvers 102. Each louver 102
routes intake air along a flow path 302 into the housing 104, where the intake air is then routed
into the inner inlet 110 and into the air filter assembly. Each louver 102 includes an inlet

section 304, an angled second section 306, a hook portion 308, and an outlet section 310. The
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inlet section 304 is positioned upstream of the angled section 306 in the air flow direction (i.c.,
in the direction of the flow path 302). The angled section 306 is positioned upstream of the
hook portion 308 in the air flow direction. The hook portion 308 is positioned upstream of the
outlet section 310 in the air flow direction. The inlet section 304 receives the intake air. The
angled section 306 routes the intake air to the hook portion 308. The angled section 306 is
angled with respect to the inlet section 304. At least a portion of the water contained within the
intake air coalesces on the inlet section 304 and the angled section 306. The hook portion 308
captures the coalesced water and diverts the captured water down and away from the housing
104. Accordingly, the hook portion 308 prevents at least a portion of the water contained in the
intake air from entering the housing 104. Depending on the orientation of the air intake duct
100, gravity may pull the water down and out of the hook portion 308 such that it falls outside
of the housing 104. The outlet section 310 routes the intake air to the housing 104. The inlet
section 304, the angled section 306, and the outlet section 310 are substantially planar. The

details of the water removal from the intake are described in further detail below.

[0025] Referring to FIG. 4, a close-up top cross-section view of portion A of the air intake
duct 100 is shown. The intake air travels along the flow path 302 through the louvers 102. The
intake air includes water droplets 402. As the intake air travels through the individual louvers
102, at least a portion of the water droplets coalesce on the inlet section 304 and the angled
section 306. The angled section 306 is inclined by an angle 404 with respect to the inlet section
304. The angle 404 is less than 90 degrees. In some arrangements, the angle is less than 45
degrees. The angle of inclination causes an abrupt change in air flow direction in the flow path
302. Because the water droplets 402 are heavier than the intake air, the water droplets coalesce
and impact against the inlet section 304 and the angled section 306 due to the inertia of the
water droplets. The inertia of the water droplets 402 and the velocity of the intake air propel
the water droplets 402 into the hook portion 308. The hook portion 308 captures the coalesced
water droplets 402 and prevents the captured water droplets 402 from traveling past the outlet
section 310 and into the housing 104. The louvers 102 are vertical such that the captured water
droplets 402 are carried down and away from the air intake duct 100 such that the captured
water droplets do not enter the housing 104. However, some water droplets 402 may pass

through the outlet section 308 and into the housing 104.
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[0026] FIG. 5 is a side cross-sectional view of the air intake duct 100. After passing through
the louvers 102, the intake air continues along the air flow path 302. The flow path 302 takes a
sharp turn in the direction of the inner inlet 110. Similar to as described above with respect to
the angled section 306 of the louvers 102, the abrupt change in air flow direction causes water
droplets 402 that pass through the louvers to impact and coalesce against the housing 104 due
to the heavier weight and higher inertia of the water droplets 402. The coalesced water droplets
then fall towards a drain 502 in the housing 104. The drain 502 is oriented to cause an air flow
eddy that further causes droplet impaction of the intake air against the wall of the housing 104.
The details of the air flow path 302 through the housing 104 are described in greater detail

below.

[0027] FIG. 6 is a close-up side cross-section view of portion B of the air intake duct 100. As
described above, after the sharp turn of the air flow path 302 into the housing 104 from the
louvers 102, the water droplets 402 coalesce onto the wall of the housing 104. The water
droplets 402 gather at the drain 502. The drain 502 allows for removal of pooled water from

the housing to the ambient. The drain 502 may be connected to a hose.

[0028] Still referring to FIG. 6, the inner inlet 110 extends above the drain 502 by a distance
602. The distance 602 from the drain 502 to the top of the inner inlet 110 may be between 1.5
to 5 times the number of inches of H,O of pressure drop caused by the air intake duct 100. The
distance 602 that the inner inlet 110 extends above the drain 502 forms a well 604 where
coalesced water can pool without entering into the inner inlet 110. The top of the inner inlet
110 includes a rounded edge 606, and the walls of the inner inlet 110 are angled away from
vertical by approximately 8 degrees, which both help to reduce the pressure drop caused by the
air intake duct 100.

[0029] FIG. 7 is a computer-generated computational fluid dynamics (“CFD”) analysis 700
showing air flow through the air intake duct 100. The flow lines of the analysis represent the
path taken by intake air as the intake air flows through the air intake duct 100. As discussed
above with respect to drain 502 and as shown more clearly by the air flow lines, the drain 502
is oriented to cause an air flow eddy that further causes droplet impaction of the intake air

against the wall of the housing 104. The flow lines of the analysis 700 also indicate that the
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flow velocity near the drain 502 is low, which reduces the chance of water particles being re-

entrained into the air flow and carried into the inner inlet 110.

[0030] Referring to FIG. 8, a CFD analysis 800 showing particle flow (e.g., water droplet
flow) through the air intake duct 100 is shown. In the analysis 800, simulated particles are
injected upstream of the louvers 102. A large portion of the injected particles are removed as
the particles flow through the louvers 102. The particles that pass through the louvers coalesce
on the wall of the housing 104 and pool near the drain 502. The analysis 800 indicates that the

louver 102 arrangement and housing 102 geometry are efficient in water separation.

[0031] FIG. 9 is a CFD analysis 900 showing particle flow (e.g., water droplet flow) through
the air intake duct 100. In the analysis 900, simulated particles are injected downstream of the
louvers 102. Similar to analysis 800 above, particles that enter the housing 104 are separated
through inertial impaction and through coalescing as the inertia of the particles carry the

particles into the wall of the housing 104. The separated particles pool near the drain 502.

[0032] Referring to FIG. 10, a line graph comparing average efficiency percentage versus

flow rate (in cubic feet per minute) for the air intake duct 100 is shown.

[0033] Referring to FIG. 11, a line graph showing system restriction (in inches of H,0)

versus flow rate (in cubic feet per minute) for the air intake duct 100 is shown.

[0034] FIG. 12 is a perspective view of an air intake duct 1200 is shown according to another
exemplary embodiment. The air intake duct 1200 is similar to the air intake duct 100. The air
intake duct 1200 receives intake air through a plate separator 1202. The plate separator 1202
includes a plurality of louvers 1204. Each of the plurality of louvers 1204 includes a plurality
of planar sections arranged in an angled manner (as described in further detail below with
respect to FIG. 14) that separate water contained in the intake air passing through the louvers.
The separator plate 1204 includes a ramp 1206 that guides separated water out of the separator
plate 1202 and away from a housing 1208. The separator plate 1202 is attached to the housing
1208. The separator plate 1202 may be attached to the housing 1208 through a hinge
connection (e.g., in a similar manner as described above with the air intake duct 100), a

mechanical fastener (e.g., a snap connector, a rivet, a screw, etc.), a chemical fastener (e.g.,
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epoxy), or a combination thereof. The housing 1208 is positioned downstream of the louvers
1204 in an air flow direction. The housing 1208 is fit over an inner inlet 1210. The inner inlet
1210 extends into the housing 1208 and is positioned downstream of the louvers 1204 in the air
flow direction. The inner inlet 1210 is an inlet duct that provides the intake air to the air filter
assembly (e.g., one of the air filter assemblies described above with respect to the air intake
duct 100). The housing 1208 may be secured to the inner inlet 1210 through a snap connection
in a similar manner as described above with respect to housing 104 and inner inlet 110. A seal
or gasket (formed of rubber in one implementation) may be provided between the housing 1208
and the inner inlet 1210 to prevent air from leaking directly into the inner inlet 1210 (e.g.,
intake air that bypasses the louvers 1204) or to prevent air from leaking out of the housing 1208

(e.g., intake air that has already passed through the louvers 1204).

[0035] Referring to FIG. 13, a top cross-sectional view of the air intake duct 1200 is shown.
As discussed above, the air intake duct 1200 includes the plurality of louvers 1204. Each
louver 1204 routes intake air along a flow path 1302 into the housing 1208, where the intake air
is then routed into the inner inlet 1210 and into the air filter assembly. Each louver 1204
includes a plurality of planar sections, each section arranged at an angle with adjacent sections.
As shown in FIG. 13, each louver 1204 includes an inlet section 1304, a first angled section
1306, a second angled section 1308, a third angled section 1310, a fourth angled section 1312,
and an outlet section 1314. The inlet section 1304 is positioned upstream of the angled sections
1306-1312 in the air flow direction (i.e., in the direction of the flow path 1302). The angled
sections 1306-1312 are positioned upstream of the outlet section 1314 in the air flow direction.
The angle between the inlet section 1304 and the first angled section 1306 is greater than 90
degrees. The angle between adjacent angled sections 1306-1312 is approximately 90 degrees.
The angle between the fourth angled section 1312 and the outlet section 1314 is greater than 90
degrees. The first and second angled sections 1306 and 1308 form a first V shape portion. The
third and fourth angled sections 1310 and 1312 form a second V shape portion. Although
shown as including two V shape portions, alternative arrangements include a single V shape
portion or three or more V shape portions. The each V shape portion in the separator plate

1202 adds a certain amount of pressure drop to the air intake duct 1200.
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[0036] The angles between the adjacent sections 1304-1314 cause abrupt changes in air flow
direction in the flow path 1302. The abrupt changes in air flow direction create impaction sites
1316 that coalesce the water in the intake air. Because the water droplets in the intake air are
heavier than the intake air, the water droplets coalesce and impact against the planar surfaces of
the louvers 1204 at the impaction sites 1316 due to the greater inertia of the water droplets. As
shown in FIGS. 12 and 14, the louvers 1204 are vertical such that the captured water droplets

are carried down such that the captured water droplets do not enter the housing 1208.

[0037] Referring to FIG. 14, a side cross-sectional view of the air intake duct 1200 is shown.
As discussed above, the louvers 1204 are arranged in a vertical manner with respect to gravity.
Accordingly, water that coalesces on the surface of the louvers 1204 falls in the direction of
gravity as indicated by arrow 1402. The water falls until the water reaches the ramp 1206,
where the water is carried out of the air intake duct 1200 by the ramp 1206. The separator plate
1202 includes a baffle 1404 that further prevents water from dripping from the separator plate
1202 into the inner inlet 1210.

[0038] After passing through the separator plate 1202, the intake air continues along the air
flow path 1302. The flow path 1302 takes a sharp turn in the direction of the inner inlet 1210
in a similar manner as done with respect to the air intake duct 100. The abrupt change in air
flow direction causes water droplets that pass through the louvers 1204 to impact and coalesce
against the housing 1208 due to the heavier weight and higher inertia of the water droplets.
The coalesced water droplets then fall towards a drain 1406 in the housing 1208. The drain
1406 is oriented to cause an air flow eddy in the air flow path 1302 that further causes droplet
impaction of the intake air against the wall of the housing 1208. The inner inlet 1210 extends
above the drain 1406 by a distance 1408. The distance 1408 from the drain 1406 to the top
1410 of the inner inlet 1210 may be between 1.5 to 5 times the number of inches of H,O of
pressure drop caused by the air intake duct 1200. The distance 1408 that the inner inlet 1210
extends above the drain 1406 forms a well 1412 where coalesced water can pool without
entering into the inner inlet 1210. The top 1410 of the inner inlet 1210 includes a rounded
edge, and the walls of the inner inlet 1210 are angled away from vertical by approximately 8

degrees, which both help to reduce the pressure drop caused by the air intake duct 100.
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[0039] FIG. 15 is a perspective view of an air intake duct 1500 is shown according to still
another exemplary embodiment. The air intake duct 1500 is similar to air intake ducts 100 and
1200. The air intake duct 1500 receives intake air through a separator 1502. The separator is
cylindrical in shape. The separator 1502 includes a plurality of louvers 1504. The plurality of
louvers are arranged in a cylindrical manner to form the cylindrical shape of the separator.
Each of the plurality of louvers 1504 includes a plurality of planar sections arranged in an
angled manner (as described in further detail below with respect to FIG. 15) that separate water
contained in the intake air passing through the louvers 1504. A cover 1506 is fit on top of the
separator 1502. The cover 1506 is secured to the separator through any suitable connection,
such as a snap fit connection, a fastener (e.g., mating threaded surfaces), an adhesive, etc. The
separator 1502 is attached to a central tube 1508. The separator 1502 is attached to the central
tube 1508 through a snap fit connection. The snap fit connection is formed when connectors
1510 are secured over a ridge (ridge 1702 as shown in FIG. 17) of the central tube 1508. The
central tube 1508 is positioned downstream of the louvers 1504 in an air flow direction. The
central tube 1508 includes an inner inlet 1512 that extends into the central tube 1508. The
inner inlet 1512 is positioned downstream of the louvers 1504 in the air flow direction. The
inner inlet 1512 is an inlet duct that provides the intake air to the air filter assembly (e.g., one of

the air filter assemblies described above with respect to the air intake duct 100).

[0040] Referring to FIG. 16, a top perspective view of the air intake duct 1500 without cover
1506 is shown. Each louver 1504 routes intake air along a flow path 1602 into the inner inlet
1512, where the intake air is then routed to the air filter assembly. Each louver 1504 includes a
plurality of planar sections, each section arranged at an angle with respect to the adjacent
sections. The sections are arranged in a similar manner as described above with respect to
louvers 1204. Unlike louvers 1204, the sections of each louver 1504 form a single V portion.
Alternate embodiments may form two or more V portions. The angles between the adjacent
sections of the louvers 1504 cause abrupt changes in air flow direction in the flow path 1602.
The abrupt changes in air flow direction create impaction sites that coalesce the water in the
intake air. Because the water droplets in the intake air are heavier than the intake air, the water
droplets coalesce and impact against the planar surfaces of the louvers 1504 at the impaction

sites due to the greater inertia of the water droplets. As shown in FIGS. 12 and 14, the louvers
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1204 are vertical such that the captured water droplets are carried down such that the captured

water droplets do not enter the inner inlet 1512.

[0041] Referring to FIG. 17, a side cross-sectional view of the air intake duct 1500 is shown.
As discussed above, the louvers 1504 are arranged in a vertical manner with respect to gravity.
Accordingly, water that coalesces on the surface of the louvers 1504 falls to a ridge 1704. The
ridge 1704 routes the coalesced water outside of the air intake duct 1500 or into a well 1706
formed by the central tube 1508 and the inner inlet 1512. The inner inlet 1512 extends into the
central opening of the separator 1502 to prevent water gathered in the well 1706 from entering
the inner inlet 1512. The inner inlet 1512 may act as a vortex finder if a swirl in of the intake
air is generated by the louvers 1504. The gathered water is removed from the well 1706
through a drain 1708. The drain 1708 may be coupled to a duckbill valve that allows gathered
water to flow out of the well 1706 and prevents backflow of air or other materials into the well
1706. The drain height 1710 is the distance between the bottom of the drain 1708 and the
bottom of the separator 1502. The drain height 1706 may be between 1.5 to 5 times the number
of inches of H,O of pressure drop caused by the air intake duct 1500.

2% ¢ 2% ¢

[0042] As utilized herein, the terms “approximately,” “about,” “substantially,” and similar
terms are intended to have a broad meaning in harmony with the common and accepted usage
by those of ordinary skill in the art to which the subject matter of this disclosure pertains. It
should be understood by those of skill in the art who review this disclosure that these terms are
intended to allow a description of certain features described and claimed without restricting the
scope of these features to the precise numerical ranges provided. Accordingly, these terms
should be interpreted as indicating that insubstantial or inconsequential modifications or
alterations of the subject matter described and claimed are considered to be within the scope of

the invention as recited in the appended claims.

[0043] It should be noted that the term “exemplary” as used herein to describe various
embodiments is intended to indicate that such embodiments are possible examples,
representations, and/or illustrations of possible embodiments (and such term is not intended to

connote that such embodiments are necessarily extraordinary or superlative examples).
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[0044] The terms “coupled,” “connected,” and the like as used herein mean the joining of two
members directly or indirectly to one another. Such joining may be stationary (e.g., permanent)
or moveable (e.g., removable or releasable). Such joining may be achieved with the two

members or the two members and any additional intermediate members being integrally formed
as a single unitary body with one another or with the two members or the two members and any

additional intermediate members being attached to one another.

2% ¢

[0045] References herein to the positions of elements (e.g., “top,” “bottom,” “above,”
“below,” etc.) are merely used to describe the orientation of various elements in the FIGURES.
It should be noted that the orientation of various elements may differ according to other
exemplary embodiments, and that such variations are intended to be encompassed by the

present disclosure.

[0046] It is important to note that the construction and arrangement of the various exemplary
embodiments are illustrative only. Although only a few embodiments have been described in
detail in this disclosure, those skilled in the art who review this disclosure will readily
appreciate that many modifications are possible (e.g., variations in sizes, dimensions,
structures, shapes and proportions of the various elements, values of parameters, mounting
arrangements, use of materials, colors, orientations, etc.) without materially departing from the
novel teachings and advantages of the subject matter described herein. For example, elements
shown as integrally formed may be constructed of multiple parts or elements, the position of
clements may be reversed or otherwise varied, and the nature or number of discrete elements or
positions may be altered or varied. The order or sequence of any process or method steps may
be varied or re-sequenced according to alternative embodiments. Other substitutions,
modifications, changes and omissions may also be made in the design, operating conditions and
arrangement of the various exemplary embodiments without departing from the scope of the

present invention.
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WHAT IS CLAIMED IS:
1. An air intake duct comprising;:
a plurality of louvers forming an air inlet to a housing, each louver including:
an inlet section, and
an angled section, the angled section inclined with respect to the inlet section;
the housing positioned downstream of the plurality of louvers in an air flow direction,
the housing including a drain configured to permit separated water from an intake air passing
through the plurality of louvers and into the housing to be drained from the housing; and
an inner inlet duct that provides the intake air to a component, the inner inlet duct
extending into the housing and positioned downstream of the plurality of louvers in the air flow
direction, the inlet duct extending above the drain by a distance thereby forming a well in the

housing between a top of the inner inlet duct and the drain.

2. The air intake duct of claim 1, wherein each louver further includes a hook portion
positioned downstream of the angled section of each louver, the hook portion configured to
capture water droplets that coalesce on the inlet section and the angled section and route the

captured water droplets away from the housing.

3. The air intake duct of claim 2, wherein each louver further includes an outlet section,

and wherein, for each louver, the hook portion is positioned upstream of the outlet section.

4. The air intake duct of claim 1, wherein the angled section and the inlet section are
substantially planar.
5. The air intake duct of claim 1, wherein the angled section is inclined by an angle with

respect to the inlet section.

6. The air intake duct of claim 5, wherein the angle is less than 90 degrees.

7. The air intake duct of claim 6, wherein the angle is less than 45 degrees.
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8. The air intake duct of claim 1, wherein the drain is oriented to cause an air flow eddy.
9. The air intake duct of claim 1, wherein the distance is between 1.5 and 5 times a

number of inches of water of pressure drop caused by the air intake duct.

10.  The air intake duct of claim 1, wherein the angled section is a first angled section, and
wherein each louver further includes a second angled section, the first angled section and the

second angled section forming a first V shape.

11. The air intake duct of claim 10, wherein each louver further comprises a third angled
section and a fourth angled section, the third angled section and the fourth angled section

forming a second V shape.

12.  The air intake duct of claim 1, further comprising a ramp configured to direct separated

water out of the air intake duct.

13.  The air intake duct of claim 1, wherein the plurality of louvers are arranged in a

cylindrical manner.

14.  An air intake duct comprising:

a separator having a cylindrical shape, the separator including a plurality of louvers
arranged in a cylindrical manner to form they cylindrical shape of the separator, each of the
plurality of louvers including a plurality of planar sections arranged in an angled manner to
separate water contained in intake air passing through the plurality of louvers;

a cover fit on a top of the separator; and

a central tube, the separator attached to the central tube, the central tube positioned

downstream of the plurality of louvers in an airflow direction.
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15. The air intake duct of claim 14, wherein the central tube includes an inner inlet that

extends into the central tube.

16.  The air intake duct of claim 14, further comprising a drain coupled to a duckbill valve
that allows gathered water to flow out of a well and prevents backflow of air or other materials

into the well.

17. The air intake duct of claim 14, wherein each of the plurality of louvers forms a single
V portion.
18. The air intake duct of claim 14, wherein each of the plurality of louvers forms two or

more V portions.

19.  The air intake duct of claim 14, wherein the separator is attached to the central tube

through a snap fit connection.
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