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AIR FILTER HAVING VORTEX-GENERATING FLOW QUIDE

CROSS-REFERENCE TO RELATED APPLICATION
j0001] The presemt ULS. Utlity Patent Application claims the benefit of and
priority to LS. Provisional Patent Application Serial No. 617725511, filed November 13,

2012, which hereby s incorporated herem by reference.

FIELD AND BACKGROUND

j0o02] The present disclosure relates to air filter assemblies and carrier frames for
awr filter assemblies, particularly air filter assemblies having an airflow sensor. The present
disclosure arose during continuing development efforts directed toward air filtration.

0003} ULS. Patent No. 6,391,076, the discloswre of which is hereby incorporated
herein by reference in entirety, discloses a full flow fluid filter baving a housing extending
axtally along an axis, and a pleated filter element having a plurality of pleats in a closed loop
annulus having an outer perameter defined by a plurality of outer pleat tips, an mner perimeter
defined by a plurality of inner pleat tips, and a hollow interior extending along the axis. Floid
flows substantially directly axially through the filter element, with mmnimal bending and
change of direction, nummizing flow restriction.

{0004}  U.S. Patent Publication No. 2006/0065592, the disclosure of which is
hereby incorporated herein by reference in entirety, discloses a direct flow filter having seal
tips alternately sealing upstream andfor downstream ends of wall segments to each other to
define first and second sets of flow channels and protecting the ends of the wall segments
from damage, mcloding ppstream ends from incoming debris, and providing structaral
support withstanding bigh flow rates amd mproving flow by means of the geometry of the
seal.

{0805 ULS. Patent No. 7,314,558, the disclosure of which is herebyv incorporated

herein by reference in entirety, discloses a pleated panel fluid filter filtering fluid flowing
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along an axial flow direction and fncludes angled panels andfor progressively increasing How
channel width andfor skewed panel projections and/or flattened pleat tip bend lines.

o006} ULS, Patent No. 7,323,106, the disclosure of which is hereby incorporated
herein by reference w entirety, discloses a filter with multiple pleated filier elements having
axially extending channels having a ransverse pleat channel height and a lateral channel
width. The pleated filter clements bave difterent channel heights.

{6007} LLS. Patent No, 7,540,895, the disclosure of which is hereby incorporated
heremy by reference m entirety, discloses a fhlter including a housmg with multple flow
passages and filter elements, mcloding at least first and second flow passages therethrough
including respective first and second filter elements in parallel. Respective miternal dividing
walls separate flow passages in space saving relation.

{8008} LS. Patent Publication No. 2008/0011673, the disclosure of which is
hereby incorporated herein by reference i entivety, discloses a direct flow filter having one or
more upstream and/or downstream face seals transversely spanaing from one set of pleat tips
at feast partially towards the other set of pleat tips and laterally spanning adjacent channels.

[8009] U5, Patent No. 7879125, the disclosure of which is hereby incorporated
herem by reference in entirety, discloses a filter provided by pleated filter media having a
plurality of pleats defined by wall segments extending axially along an axial direction along
an axis and extending transversely along a transverse direction between first and second sets
of pleat tips at first and second sets of axially extending bend lines. The pleated filter media
spans laterally along a lateral span along a lateral direction, with the wall segments being
spaced from each other by lateral gaps. The pleats have a pleat depth along the transverse
direction glong the wall segments between the first and second sets of pleat tips. The pleat
depth varies as the pleated filter media spans laterally along the lateral direction.

{6010} LS. Patent Publication No. 2013/0062276, the discloswre of which is
hereby incorporated herein by reference in entivety, discloses a pleated filter element
comprising a placality of pleats comprised of pleat segments extending in an axial direction
between first and second axial ends and extending in a transverse direction that is
perpendicular to the axial direction between first and second sets of pleat tips at least partially
2
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defined by first and second sets of hend hines. Axdal tlow channels are defined between the
pleat sepments in the lateral divection and the plurality of pleats has a width m the tansverse

direction that varies along the axial divection.

SUMMARY

{0011} In certam examples disclosed heren, camer frames are for supporting afr
filter elements having a dirty air inlet and g clean air outlet and filtering atr flowing therethroogh
from upstream {o downstream.  The carrier frames can bave an exit side at the clean air outlet,
the exit side having at least one vortex-generating flow guide promoting rapid mixing of clean air
downstream of the air filter element and nonmabization of a uniform velocity profile downstream
thereof for flow t© a mass arflow (MAF) sensor, to thereby minimize MAF variation due to
tmperfect air filier element construction.

[0012] In certain examples disclosed herein, air filter assemblies have a filter
element that filkers air fowing from an upstream miet o a downstream outlet. A carmier frame
carries the flter media. A phuality of vortex-generating flow guades are located at the outlet.
The phlaality of vortex-generating flow guides normalize airflow to a uniform veloaity profile
downstream thereof. A MAF sensor is provided across which the airflow having the uniform

velocity profile travels.

BRIEF DESCRIPTION OF THE DRAWINGS

{0013} FIGURE 1 is a perspective view of an example of an air filter assembly
according to the present discloswre.

j0014} FIGURE 2 15 a closer view of FIGURE 1 showmg g plarality of vortex-
generating flow guides at an outlet end of the air filter assembly.

{015 FIGURE 3 is a sectional view along section 3-3 in FIGURE 1.

{0016} FIGURE 4 s a perspective view of one example of a carrier frame having the
plurality of vortex-generating flow guides.

{0017} FIGURE 5 15 a closer view of FIGURE 3 showing one of the vortex-
generating flow guides.

boc
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0018} FIGURE 615 a top view of the carnier frame shown in FIGURE 3,

{01 9] FIGURE 7 is a front view of the carrier frame shown in FIGURE 3.

{6020} FIGURE 8 is a side view of the carrier franse shown in FIGURE 3

j0021] FIGURE 9 is a perspective view of a vortex-generating flow guide shown in
FIGURE 4.

j0022] FIGURE 10 1s another perspective view of the vortex-generating flow guides
shown in FIGURE 4.

0023} FIGURE 11 1s perspective view of another example of a carmer frame having
the plurality of vortex-generating flow guides.

juz4} FIGURE 12 is a top view of the carner frame shown in FIGURE 11,

{0025] FIGURE 13 is a side view of the carrier frame shown in FIGURE 11,

{0024] FIGURE 14 is a perspective view of a vortex-generating How guaide shown in

FIGURE 11

DETAILED DESCRIPTION

{0027} {n the present description, certain tenms bave been used for brevity, clearness
and understanding. No unnecessary limitations are to be implied therefrom bevond the
requirement of the prior art becanse sueh terms are used for descriptive purposes only and are
ntended 1o be broadly constroed. The different air filter assemblies and carrier frames described
heretn may be vsed alone or in combination with other apparatuses. Vatious equivalents,
alternatives and modifications are possible within the scope of the appended claims. Each
limitation in the appended claims is intended to wvoke mnterpretation under 35 U.S.C. Section
P12, sixth paragraph only if the terms "meeans for” or "step for' are explicily recited in the
respective limtation.

{0028] FIGURES 1-3 depict an air filter assembly 20 for filtering air flowing along
an axial direction 22 from an upstream mlet end 24 to a downstream ontlet end 26, In thig
example, the awr filter assembly 20 15 a direct arflow filter avangement having an upstream
primary filter element 30 and a downstream secondary filter element 32; however this example is

not mtended to be Iimuting and the concepts of the present discloswre are also apphicable to other

e
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types of conventional filter assemblies, including mdivect filter assemblies and filter assernblies
having oneg, or thwee or more filter elements. In the example shown, from upstream to
downstream, the air filter assembly 20 has a conventional pre-cleaner 28, the noted privaary filter
element 3¢ that filters the awflow from upstream 1o downstream, and the noted secondary filter
element 32 that filters airflow from upstream to downstream.  The primary filter element 30 has
a dirty air inlet end 34 and a clean air outlet end 36 located downstream of the dirty air inlet end
34, The secondary filter element 32 has a dirty air inlet end 38 and a clean air outlet end 40
located downstream of the dirty air inlet end 38 Fuorther discussion of this type of filter
assembly can be found in the incorporated patent documents referenced herein above.

juzg] The secondary filter element 32 is carried by a carrier frame 42 supporied in a
housing 44 of the air filter assembly 20. The carrier frame 42 has an exit side 46 postioned
downstream and adjacent the clean air outlet end 40 on the secondary filter element 320 The
secondary filter element 32 15 supported 1 the housing 44 by the carrier frame 42, The carrier
frame 42 provides a first seal 43 between the carrier frame 42 and the secondary filter element 32
and a second seal 45 between the carrier frame 42 and the housing 44, thereby preventing bypass
of anfiltered dirty air to the downstream ountlet end 26 mn the event of rupture or damage to the
secondary filter element 32.

j0038] The air filter assembly 20 also has a conventional mass airflow (MAF) sensor
51 across which the air flows. In this example, the MAF sensor 51 1s located in a sidewall 33 of
the housing 44 at the downstream outlet end 26 and senses alr flow downstream of the primary
and secondary filter elements 30, 32, In other examples, the air filter assembly 20 can include
more than one MAF sensor 531 and the location of the MAF sensor(s) S1 can vary from that
shown,  The MAF sensor can conununicate with gn engine control unit {not showny for
providing feedback and engine control, as 18 conventional.

{0031} Through experimentation, the present mventors have found that imperfections
in manufactore of filter elements, such as pleated fHilter elements, cause part-to-part velocity
variations m the airflow that persist in the downstream outlet end and create flow variabulity,
which resalts in variability of the ouvtput of the MAF sensor 531, Among other things, these
umperfections can be the resalt of pleat banching, pinching, andfor embossments m the primary

~
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and secondary filter clements 30, 32, such as the secondary (satety) filter element 32, The
present disclosure relates from endeavors to minunize such variations in the output of MAF
sensor 31,

0032} FIGURES 4-10 depict one example of the carrier frame 42 according to the
present disclosure. The carrier frame 42 inchudes a plurality of vortex-generating flow guides 50
that promote rapid mixing of clean atr downstream of the secondary filter element 32 and
normalization of a untform velocity profile downstream thereof for flow o the MAF sensor 51,
to thereby minimize owtput varation of the MAY sensor 51 due to mmperfect air filter element
construction.  As will be apparent from the following discussion, the number, location,
onentation, size and physical configurations of the vortex-generating flow guides 50 can vary
from that shown. The camrler frame 42 can have as few as one vortex-generating flow gaide 50,
The vortex~-generating flow guides SO can be molded with the exat side 46 of the carrier frame
42. In other examples, the vortex-generating flow gdes 50 can be separate components that are
attached 1o the camier frame 42 for example by a snap fit, by one or more chips, or by other
conventional attachment means.

{0033] In use, air flows from the upstream inlet end 24 through the pre-cleaner 28,
through the primary filter element 30 and through the secondary filter element 32, The air flows
out of the clean air outlet end 40 on the secondary filter element 32 along a generally axial flow
path 22 until it flows along the vortex-generating flow guide 50 on the carrter frame 42, Because
of mmperfections in the filter elements, such as the promary and secondary filter elements 30, 32,
the air exiting the secondary filter element 32 typically has a non-uniform velocity profile.
Advantageously, the vortex-genesating How guides 30 redirect the airflow mnto at least one
vortex flow path 52, thus normalizing of a uniformy velocity profile downstream thereof for flow
to the MAF sensor 51, to thereby mininuze mass atrflow vanation due to unperfect air filter
element construction.

0034} In the example shown in FIGURES 4-10, the vortex-generating flow gmudes
50 melade pairs of tled trapezoidal tabs 54, which are tilted at some angle from the axial flow
path 22 and mounted in a radially staggered pattern or array on the camier frame 42 to thereby

maximize the namber of vortex flow paths 52 (see FIGURES 3 and 5) that spin radially away

G-
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tfroro the axial flow path 22 in the upsiream-to-downstreamn divection. The vortex How paths 52
induce rapid mixing and dissipation of pon-uniformity i the velocity profile exiting the
secondary filter element 32, as can be generated by an imperfect filter element construction. In
this particular example, the pairs of tilted trapezoidal 1abs 54 have like geometry and are tilted at
opposite but equal ult angles {T) (see FIGURE 10) with respect to the axaal flow path 22. Each
tilted trapezotdal tab 54 1s planar and has parallel, opposing elongated upstream and downstream
edges 58, 60 that both extend perpendicular to the axial flow path 22, The upstream edge 58 is
tonger than the downstream edge 60. Each tilted trapezoidal tab 54 also has opposing elongated
side edges 62a, 62b that extend from the upstream edge 58 to the downstream edge 60 at an edpe
angle (E}). The traperoidal tabs 54 in each pawr have adjacent upstream edges 58 and spaced
apart downsiream edges 60 and thereby define a8 V-shape when viewed m cross-section, see
FIGURE 7.

[0035] As shown mn FIGURE 6, the exit side 46 of the camer frame 42 has a
plurality of pairs of wrapezoidal tabs 54 that form the noted radially staggered amay, which
wcludes terdigitated first and second rows 66, 68 of pairs of trapezoidal tabs 54, the first row
66 having less pairs of trapezoidal tabs 54 than the second row 68, The pairs of trapezoidal tabs
54 in the first row 66 have elongated upstream edges S8 that are parallel with respect to the
upstream edpes 38 of the second row 68 of pairs of trapezoidal tabs 54, The pairs of trapezodal
tabs 54 1 the first rows 66 are radially offset or staggered from the pairs of trapezodal tabs 54 in
the second row 68. The pairs of trapezoidal tabs 54 in both the first and second rows 66, 68 are
spaced apart from the other pairs of trapezoidal tabs 54 in the respective row by a spacing (S). A
pluratity of spaced apart cross ribs 70 support the staggered array of pairs of trapezoidal tabs 54

0036} FIGURES 4-10 illustrate the upstrean edges 38 of all trapezoidal tabs 54
being parallel on the camner frame 42 however m one of the many possible aliemative
arrapgements that are contemplated by this disclosure, the upstream edges 58 of some of the
pairs of tilied trapezoidal tabs S4 1o the plurality can be staggered at 90 degree angles relative
to the upstream edges 38 of other pairs of tilted trapezoidal tabs 54 in the plurality. For
example the pairs of trapezoidal tabs 54 in the first row 66 can be radially oriented 90 degrees
from the pairs of trapezoidal tabs 34 in the second row 68 such that the upstream edges 38 of

7
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the pairs of trapezoidal tabs 54 in the Hrst row 66 are radially onented 90 degrees from the
upstream edges 38 of the pairs of frapezoidal 1abs 54 in the second row 68, Alternately, the
upstream edges 58 of the pairs of wapezoidal tabs 54 in the first and second rows 66, 68 can
be arranged at other angles with respect to gach other. Alternately, the upstream edges 58 of
the pairs of trapezoidal tabs 54 in cach of the first and second rows 66, 68 can be arranged at
different angles than other trapezoidal tabs 54 in the same first and second row 66, 68. The
pairs of wapezoidal tabs 54 could also be arranged i an axdally staggered pattern, wherein
certain trapezoidal tabs 54 are located huther upstream andfor downstream of other
trapezoidal tabs 54 in the plurality.

{0037} The geometrical dimensions of the trapezoidal fabs 34 can also vary from
that shown in the figures. Dimensional parameters of the trapezoidal tabs 534 mclude the
lengths of the upstream and downstream edges 58, 60, the height (H) of the side edges 62a,
62b, the ratio of the length (L) of the upstream edge 58, to the height (H) of the side edges 623,
62b, and angle of 1ilt {T) of the tilted trapezoidal tabs 54 to the axial flow path 22, the angle ()
of the side edges 62g, 62b, and the spacing (S} between the pairs of tilted trapezoidal tabs 34 In
the drawings, the edge angle (E) equals 30 deprees, the tlt angle (1) equals 28 degrees, the
height (H) of the side edges 62a, 62b equals 8 mullimeters, the length (L) of the upstream edges
58 equals 14 nullimeters, the length (L) to height (H) ratio equals 0.57, the tab spacing (8} equals
6 millimeters, and the tab spacing (S) divided by length (L) eqoals 042, However these
dimensions can vary based upon various factors including the particular configuration of the ai
filter assembly 20. In certain examples, the edge angle (E) can vary from 0-45 degrees, the tlt
angle (T} can vary from 10-45 degress, the tab height (H} can vary from 5 millimeters to 35
millimeters, tab length (L) can vary from 3 mm to 35 mm, the length (L) to height (H) ratio can
vary from 0.25 1o 4, and the tab spacing (5) o length (L) rabio can vary from 0.1 0 2. Other
combinations are possible and contemplated.

{0038] FIGURES 11-14 depict another example of a carvier frame 42 having a
plurality of vortex-generating flow guides 50, In this example, the vortex-generating flow guides
50 mchude helical vanes 80, Each helical vane §0 has an elongated upstream edge 82 and an

elongated downsiream edee 84, The elongated upstream edge 82 is ovientated at a twist angle

&
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{A) with respect to the clongated downstream edge 84, Opposing heheal side edges 88, 90
extend between the upstream and downstream edges 82, 84, A helical surface 92 directs airflow
in the noted vortex How path.

j0039] As shown in FIGURE 12, the helical vanes 80 are arranged on the exit side
406 of the carrier frame 42 in a radially staggered pattern or array that includes interdigitated first
and second vows 94, 96 of helical vanes 30, The first rows 94 have more helical vanes 88 than
the second rows 96 and the helical vanes 80 in the first row 94 are radially offset fronm the helical
vanes 80 in the second row 96, A plurality of radially spaced apart cross nibs 98 form a grid that
supports the radially staggered aray of helical vanes 80, The elongated upstream edge 82 and
elongated downstream edges 84 of the helical vanes 80 in the {irst row 94 are offser 180 degrees
when compared to the elongated upstream edges and elongated downstream edges 82, 34 of the
hehical vanes R0 in the second row 96, As such, the helical vanes R0 in the first rows 94 have
upstream edges 82 that are transversely onentated from the upstream edges 82 of the helical
vanes 80 in the second row 96,

{040} The geometrical parameters for the helical vanes B0 can vary and inclade
vane width {X), vane height (Y, vane depth (£}, ratio of vane width (X) to vane height (Y, and
degrees of twist (A} andfor pitch (P} angle. The drawings depict helical vanes 80 having a vane
width (X} of 19 mullimeters, a vane height (Y) of 15 millimeters, a height (Y} to width (X} ratio
of .79, and a twist angle (A) of 90 degrees. In certan examples, the vane width (X) can range
from 5 to 25 millimeters, the vane height (Y) can range from § to 25 mitlimeters, the twist angle
{A) can range from 10 to 220 degrees, the pitch angle (P} can range from 10 to 60 degrees and
the ratio of height (Y} to width (X} can range fom 025 to 4. Sinular to the example w
FIGURES 4-10, the spacing {§) between the helical vanes 80 can also vary, Other combinations
are possible and contemnplated.

{0041} The examples shown in FIGURES 10-13 wtilize twisted helical vanes, ie.
single twisted vanes having 90 degree twist angles (A). In alternate examples, the helical vanes
80 could be multi-vane, having for example two vanes per location and a central hub. In the
examples shown, the helical vanes 80 are all rotationally right-handed with respect to the axial

flow path 22, In alternate examples, the helical vanes 80 could all be lefi-handed with respect

0.
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the axial flow path 22, or the plorality of helical vanes 80 could include both right-handed and
feft-handed helical vanes to mduce additional vortex interaction/dissipation.  As Hlustrated, the
heheal vanes 80 have a constant heheal pitch (P). In other examples, the helical vanes 80 could
have compound pitch andfor complexly curved surfaces o maximize the amownt of vorticity or
swirl for a given pressure drop caused by the presence of the helical vanes 80. The helical vanes
80 could also be arranged n an axially staggered pattern, wherein certain helical vanes 80 are
located further upstream and/or downstream of other helical vanes 80 in the plurality,

{0042} The present disclosure thus provides a camrier frame for a primary or
secondary (safety) filter element that i configured with integrated vortex-generating features,
such as tilted trapezoidal tabs or helical vanes that promote rapid mixing and guicker
estaldishment of wniform velocity profile downwind where a MATF sensor is located, thereby
minbnizing MAF sensor variation due to doperfect air filter constuction.  The present
inventors have recognized that secondary {1.e. safety) filters used m direct flow filter assembly
configurations cannot be made perfectly, 1e. the secondary filters have some degree of non-
umiform pleat spacing, varving pleat shape, embossment variation, or even base media
permeability variation. These imperfections canse vanation in the effective permeability of
the filier elements, which then causes corresponding variation in the locahzed ontlet velocity
from the filter assembly, which persist downwind to the location of the MAF sensor. This
causes the MAF sensor, which senses a fairly small local veloaity within the duct, to repornt
shightly differing mass airflow with different filters and/or rotational position (i.e. if the filter
is rotated 180 degrees and reassembled). Examples provided in the present disclosure enable
use of conventional pleated {ilter element stroctures, while mumimixing the MAF sensor
varmbility caused by unavoidable variations in the manufacture of the filter eloments.

{0043} The concepts of the present disclosure are applicable to different filter
assemblies from that shown in the drawing figures. For example, when direct flow filters are
used in on-highway applications, the secondary filter element typically s not used. Although
the velocity jet extting the gap of direct flow primary filter elements helps to reduce the flow
vanations cansed by filter imperfections, the improvements disclosed in the presemt

application can eqoally be applied to these types of arangements.  Also, m arrangements
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where atrflow enters the gap of the direct flow primary filter, a diverging flow path s created
downstream which can result in a pom-uniform velocity profile &t the MAF sensor. Many
primary filters in awtomotive applications mclade deep pleated or rolled constructions which
present the same challenges as described herem for the direct flow secondary filter element.
The concepts of the present disclosure can equally be applied to these tvpes of arrangements.

{0044} The drawings figures thos depict a camier frame sapporting an air filter
element having a dirty air inlet and a clean air outlet and filtering air flowing therethrough
from apstream to downstream.  The carrier frame has an exit side at the clear arr ontlet. The
exit side has a vortex-generating flow guide promoting rapid mixing of clean air downstream
of the air filter element and normalization of a uniform velecity profile downstream thereof
for fow to a mass airr flow (MAF) sensor, to mununize MAYF variation due to tnperfect air
{ilter element construction. The noted air filter element can be at least one of a primary filter
element and a secondary or safety filter element. The atr hlter element can mclude a pleated
filter media. The air flows through the clean air outlet along a generally axial flow path until
the air flows along the vortex-generating flow guide, which redivects the air flow nto at least
one vortex flow path.

[0045] In certain examples, the vortex-generating flow guide can melode a tilted
trapezowdal tab that extends at a tilt angle with respect to the axial flow path. The unlted
trapezoidal tab can be planar and have parallel opposing elongated upstream and downstream
edges that extend perpendicular to the axial flow path. The tilted trapezoidal tab further can
have opposing elongated side edges that extend from the upstream edge to the downstream
edge, wherein the ppstream edge is longer than the downstream edge. The tilied traperoidal
tab can be tilted at an angle of 10-457 with respect to the axial How pail.

{46] The tilied trapezoidal tab can be one of a paw of tilted frapezoidal tabs that
have the same geometry and that are tlted at opposite but equal angles with respect to the
axial flow path. The pair of tilted trapezoidal tabs have adjacent upstream edges and spaced
apart downstream edges. The pair of ulted trapezoidal tabs form a V-shape when viewed in
cross-section. The pair of tilted trapezoidal tabs can be one of a plurahity of pair of tilted

trapezoidal tabs that have the same geometry. The plorality of patrs of tilted trapezoidal tabs
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can form a radially staggered array of pairs of tilted trapezoidal tabs that comprise first and
second rows of pairs of trapezoidal tabs. The first row has less pairs of trapezoidal tabs than
the second row. The pairs of trapezoidal tabs in the fivst row are radially offset with respect to
the pairs of trapezoidal tabs in the second row. The first row of pairs of tilted waperzoidal tabs
have elongated upstream edges.  The second row of pairs of tilted trapezoidal tabs have
elongated apstream edges. The upstream edges of the pas of tilted trapezoidal tabs m the
first row are parallel with respect to the upstream edges of the pairs of tilted trapezoidal tabs
in the second row. A plurality of spaced apart cross ribs support the ariay of pairs of ulted
trapezoidal tabs.

{0047} In certsin examples, the vortex-generating flow guwde can comprise a
hehical vane. The helical vape can comyprise an elongated upstream edge and an elongated
downstreamn edge. The upsiream edge 1s transversely orfentated at a twist angle with respect
o the downstream edge. The helical vane compnises opposing helical side edges extending
between the upstream and downstream edges and a helical surface between the upstream and
downstream edges and between the opposing belical side edges. The helical surface directs
air flow into the vortex flow path.

{0048}  The helical vane can be one of an array of helical vanes including first and
second rows of helical vanes. The first row of helical vanes can be offset from the second
row of helical vanes. The helical vanes in the frst row can have upstream edges that are
radially transversely orientated from upstream edges of the helical vanes in the second row.
A plurality of spaced apart cross ribs can support the staggered array of helical vanes.

{0049} The carrier frame can be sppported in a housing. The air Biter element can
be supported in the housing by the carrter frame, which provides a first seal between the
cartier frame and the air filter element and a second seal between the carrier frame and the
housing, thereby preventing bypass of unfiltered dirty ar to the MAF sensor in the event of a

raptare or damage to the air filter element.
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CLAIMS
What ix claimed s
1. A carrier frame supporting an air filter element having a dirty ayr mnlet

and a clean air cutlet and filterimg air flowing therethrough from upstream to downstream, the
carrier frame having an exit side at the clean air outlet, the exit side having a vortex-
generating flow gnide promoting rapid mixing of clean air downstream of the air filter
element and normalization of a uniform velocity profile downstream thereof for flow to a
mass airflow {MAF) sensor, to mintmize MAF variation due to imperfect air filter element

construction.

2. The carrier frame according to clann 1, wherein the air filter element

comprises at least one of a primary filter element and a secondary or safety hlter element.

3 The carner frame according to claim 2, wherews the air filter element

comprises a pleated filter media.

4. The carrier frame according to claun 1, wherein the air flows through
the clean air outlet along a generally axial flow path ontil the air flows along the vortex-

generating flow guide, which redivects the auflow o at least one veortex flow path.

3. The carrier frame according to claim 4, wherein the voriex-generating
flow guide comprises g tilted trapezoidal tab that extends at a tilt angle with respect to the

axial flow path.
6. The carrier frame according to ¢laim 5, whetein the tilted trapezoidal

tab 1s planar and has parallel opposing elongated upstreanm: and downstream edges that extend

perpendicalar to the axial flow path.

~13.
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7. The carnier frame according to claim 6, wherein the tilied wrapezowdal

tab is tilted at an angle of 10 to 45 degrees with respect to the axial flow path.

8. The carrier frame according to claum 6, |, wheren the upstream edge is
longer than the downstream edge; and
wherein the tilted trapezoidal tab has opposing elongated side edges that

extend from the apstreant edge to the downstream edge,

9. The carrier frame according to claim 8, wherein the tilted trapezoidal
tab is one of a pair of tilted trapezoidal tabs that have the same geometry and that are tilted at

opposite but equal angles with respect to the axial flow path.

18, The camier frame according to claim 9, wherein the pair of tlted

trapezoidal tabs have adjacent upstream edges and spaced-apart downstream edges.

11, The camier frame according to claim 10, wherein the pair of tilted

trapezoidal tabs forms a Veshape when viewed in cross section.

12, The carner frame according to claim 9, wherein the pair of tilted
trapezoidal tabs is one of a plurality of pairs of tilted trapezoidal tabs that have the same

geometry.

13, The carrier frame according to claim 12, wheren the plurality of pairs
of tilted trapezoidal tabs form a radially staggered array of panrs of tilted trapezoidal tabs that
comprises first and second rows of pairs of trapezoidal tabs, the first row having less pairs of
wrapezoidal tabs than the second row; wherein the pairs of trapezoidal tabs in the first row are

radially offset with respect to the pairs of trapezoidal tabs in the second row.

14, The carrier frame according to clanm 13, wherein the fust row of pairs

<14



WO 2014/077970 PCT/US2013/063264

of tilted trapexzoidal 1abs have elongated upstream edges and wherein the second row of pairs
of tilted trapezoidal tabs have elonpated upstream edges and whersin the upstream edges of
the pairs of tilted trapezoidal tabs in the Hrst row are parallel wath respect to the upstream

edges of the pairs of tilted trapezoidal tabs in the second row.

15, The camier frame according to claim 13, comprising a plorabity of

spaced-gpart cross-ribs that support the array of pairs of tlted trapezeidal tabs.

16, The carrier frame according to claim 4, wherein the vortex-generating

flow guide comprises a helical vane.

17, The carrier frame according fo claim 16, wheremn the helical vane
comprises an eclongated upstream edge and an elongated downsiream edge, wherein the

upstream edge is transversely oriented at a twist angle with respect to the downstream edge.

18, The camier frame accerding 10 clamm 17, wherein the helical vane
comprises opposing helical side edges exiending between the upstream and downstream

bt

edges.

19, The camer frame according to claim 18, whereln the helical vane
comprises a helical surface between the upstream and downstream edges and between the

opposing helical side edges, the helical surface directing the airflow mio the vortex Hlow path.

200 The camer frame according to clamm 19, wherem the helical vane 15 one

of an array of helical vanes that comprises a first and a second row of helical vanes.

21, The carer frame according to claim 20, wheremn the first row of helical

vanes is radially offset from the second row of helical vanes.
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22, The carmer frame gecording to claim 21, wherain the helical vanes
the first row have upstream edges that are radially transversely oriented from upstream edges

of the hehical vanes i the second row.,

23 The camigr frame according o claim 20, comprising a plurality of

spaced-apart cross-ribs that support the staggered armray of the helical vanes.

24, The carrter frame according to claim 1 wherem the carrter frame s
supported in a housing, the air filter element is supported in a housing by the carrier fiame,
the carrier frame provides a first seal between the carrier frame and the air filter element, and
the carrier frame provides a second seal between the carrier frame and the housing, thereby
preventing bypass of unhiltered dirty air to the MAF sensor in the event of a rupture of or

damage to the air filter element.

23 Anair filter assembly comprising:

a filter element that filters an aiflow from an upstream inlet to a downstream
outlet and hilters air flowing therethrough from upstream to downstream;

a carrier frame carrying the filter element;

a plurality of vortex-generating flow goides at the outlet, the plorality of
vortex-generating flow gnides nonmalizing atrflow to a uniform velocity profile downstream
thereof; and

a mass airflow sensor (MAF) across which the airflow having the antform

velooity profile travels.

26, The air filter assembly according to claim 25, wherein the air filter
element comprises a primary filter clement and a secondary filter element and wherein the air
flows through the outlet in a generally axial flow path until the air flows along the vortex-

generating How guide, which redirects the airflow into at least one vortex flow path,

~ 16
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27, The aw filter assembly according to claim 26, wherein the vortex-
generating flow guide comprises a paty of tilted wrapezoidal tabs that are set at 8t angles with
respect to the axial How path, the tilted trapezoidal tabs each being planar and having parallel
opposing elongated upstream and downstream edges that extend perpendicular w0 the axial
flow path, wherein the upstream edge 18 longer than the downstream edge, and further having
opposing elongated side edges that extend from the upstream edge to the downstream edge;
wherein the upstream edies of the pair of tilted wapezoidal tabs are sdjacent and wherein the
downstream edges of the pair of tilted trapezoidal tabs are spaced-apart and wherein the pair

of tilted trapezoidal tabs bave a V-shape when viewed in cross section,

28 The air filter assembly according to claim 27, wherem the paw of tilted
trapezoidal tabs 15 one of a plurality of pairs of glted trapezoidal tabs having a same
geometry; wherein the phaality of pairs of tilted trapezoidal tabs forms a radially staggered

array of trapezoidal tabs that comprises first and second rows of pairs of trapezoidal tabs, the

first row baving less pairs of trapezoidal tabs than the second row.
29 The air filter assembly sccording to claim 28, wherein the first row of

pairs of tilted trapezoidal tabs have elongated upstream edges and wherein the second row of
pairs of filted trapezoidal tabs have elongated upstream edges and wherein the upstream edges
of the first row of pairs of tilted trapezoidal tabs are perpendicular with respect to the
upstream edges of second row of pairs of tilted trapezoidal tabs.

30, The air filter assembly according to claim 26, wherein the vortex-
generating flow awde comprises a helical vane; the helical vane comprising an elongated
upstream edge and an elongated downstream edge, wherein the upstream edge is transversely
oriented at a twist angle with respect to the downstreamn edge; wherein the helical vane
comprises opposing helical side edges extending between the upstream and downsiream edges
and wherein the helical vane comprises a helical surface that directs the airflow in the vortex

flow path.

~17-



WO 2014/077970 PCT/US2013/063264

310 The air Gilter assembly according to claim 30, wherein the helical vane
is one of a radially staggered array of helical vanes formed by first and second rows of helical
vanes; wherein the first row of helical vanes is offSet from the second row of helical vanes:
the helical vanes in the first row have upstream edges that are tansversely onented with

respect to upstream edges of the helical vanes in the second row.

~18-
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