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MOVING FILTER DEVICE HAVING FILTER 
ELEMENTS WITH FLOW PASSAGES AND 

METHOD OF FILTERING AIR 

BACKGROUND AND FIELD OF INVENTION 

The present invention relates to moving ?lter devices, 
particularly moving ?lters designed to be used in air delivery 
fans. 

Particulate air ?lters are conventionally formed of porous 
media. The particle laden air is passed through the porous 
media Which removes the particulate based on physical 
entrapment, impaction, surface attraction, inertial forces or 
the like. The porous ?lter media can be porous ?lms, open 
celled foams, Woven fabrics, molded particles, or nonWoven 
fabrics or Webs and the like. The ?lter media can be ?at or 
formed into a three dimensional con?guration (generally a 
pleated form). Pass through type ?lters Will act on the entire 
airstream passed through the ?lter media With an associated 
pressure drop and ?ltration ef?ciency that is characteristic of 
the media, its level of particulate loading and the airstream 
velocity and pressure. Generally, as the ?lter media becomes 
loaded With particulates the pressure drop increases, 
hoWever, the ?ltration ef?ciency can increase or decrease 
depending on the nature of the media and the particulates 
being removed. 

Generally, most ?lters When used are static With the 
particle laden air driven through the ?lter. HoWever, ?lters 
that move have been proposed, for example, to keep fresh 
?lter media in the path of the airstream to be ?ltered as 
disclosed in US. Pat. No. 5,560,835 (driven sloWly by drive 
rotor) or U.S. Pat. Nos. 4,038,058 and 3,898,066 (?lter 
media driven by air impinging on rotor blades). These ?lters 
operate like conventional ?oW-through static ?lters and have 
the associated problem of pressure drop buildup over time. 
How through type ?lters have also been associated With 
faster moving devices such as rotating disk drives (US. Pat. 
No. 4,308,041), on an air inlet to a combine vent fan (US. 
Pat. No. 3,392,512), betWeen fan blades on an air inlet fan 
for a turbine engine (US. Pat. No. 3,402,881), on a fume 
exhaust fan (US. Pat. No. 4,450,756), or in an air inlet to a 
building ventilation fan (US. Pat. No. 3,126,263). The 
proposed ?lters placed on a fan designed to circulate air 
(e.g., U.S. Pat. Nos. 3,402,881 and 4,450,756) have the ?lter 
media strategically placed to ensure that all the air passing 
through the system is passed through the ?lter media. In US. 
Pat. No. 3,402,881, the ?lter media 100 is Woven betWeen 
fan vanes 98 and sealed to prevent air from bypassing the 
?lter media. This requires that the ?lter media be periodi 
cally cleaned. This cleaning is done by a complicated 
periodic back?oW of air from the engine compressor or like 
source of high pressure air in the system. With US. Pat. No. 
4,450,756, the ?lter must be periodically removed and 
cleaned or replaced. If the ?lter is not replaced When loaded, 
the pressure drop across the ?lter rises often to unacceptable 
levels, cutting off air?oW. Although not desirable generally 
in certain ?lter applications this reduction in air?oW is 
unacceptable. In automotive cabin applications, increases in 
pressure, due to ?lter media particle loading, can drastically 
reduce air?oW Which can result in dangerous WindoW fog 
ging. 

In automotive or furnace ?lter applications, the general 
approach has been to place a ?lter at some location in the 
airstream (e.g., in the ducts) to intersect the entire airstream. 
Commercially the almost universal approach has been to 
place ?lters at various locations betWeen the air inlet and air 
outlet in a vehicle or home heating and air conditioning 
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2 
system. An issue With these ?lters is they are often difficult 
to access unless they are located near the air inlet or 
outlet(s). HoWever if the ?lter is located at or near an air inlet 
(Which generally are easy to access) only incoming air or 
recirculated air is ?ltered, but not both, unless multiple 
?lters are used at the air inlet(s) for fresh air and the air 
inlet(s) for recirculated air. In a novel variant of this general 
approach, US. Pat. No. 5,683,478 proposes placing a static 
?lter inside a fan of the bloWer motor assembly intersecting 
the airstream immediately prior to the fan, as both recircu 
lated and fresh air directed through the fan are ?ltered. 

Generally, ?lter materials that are used function at very 
loW pressure drops to ensure that the system, even if the ?lter 
is fully loaded With particulates, does not unacceptably 
reduce air?oW. HoWever, if the ?lter media is of the very loW 
pressure drop type it generally is a loW ef?ciency ?lter (e.g., 
an open nonWoven Web), has a limited lifetime (e. g. charged 
Webs With relatively loW basis Weight) or is very bulky (e. g., 
a heavily pleated ?lter), Which is undesirable Where there is 
limited space such as in an automotive Heating, Ventilation 
or Air Conditioning (HVAC) system. Alternatively, it has 
been proposed that a certain portion of the air?oW bypass the 
?lter to ensure that pressure drop does not rise unacceptably 
during the lifetime of the ?lter. An air bypass of this type can 
eliminate the issue of unacceptably reduced air?oW through 
the HVAC system due to a fully loaded ?lter but severely 
impacts ?ltration ef?ciency, particularly When ?ltering 
incoming air. Ideally, to ensure adequate air?oW to an 
automotive cabin, the pressure drops of a ?lter in the HVAC 
system should shoW little or no pressure drop over its 
lifetime, no matter hoW long it is in use. Similarily, home 
heating system ?lters should not signi?cantly reduce air?oW 
even When fully particle laden. 

SUMMARY OF THE INVENTION 

The invention device relates to a novel air ?lter device for 
use in a heating ventilation or air conditioning system or the 
like Where the ?lter device shoWs little or no pressure drop 
during use. The invention air ?lter device comprises a 
housing having an air delivery fan, preferably a fan having 
an axial air inlet and a radial air outlet. An axially rotating 
fan and ?lter unit is located betWeen the air inlet and air 
outlet. The fan/?lter units, if separate, have a common axis 
of rotation, Which is generally parallel With the axial air inlet 
of the ?lter housing. The ?lter unit is comprised of at least 
one ?lter element With a front face and a back face. Adjacent 
?lter element front and back faces are mutually spaced over 
at least a portion of their entire Width and/or length such that 
air can pass unimpeded in an air channel formed betWeen the 
adjacent front and back faces. Adjacent ?lter element front 
and back faces are preferably on different ?lter elements. 
Preferably, multiple ?lter elements are spaced in the radial 
direction around the axis of rotation and are parallel With the 
axis of rotation. The fan and ?lter units are also provided 
With air moving means, Which can be air moving elements 
and/or air ?lter elements. The air moving elements are also 
preferably spaced in the radial direction around the axis of 
rotation and are parallel With the axis of rotation. The 
optional air moving means establish the air?oW With a 
general air?oW direction at a given pressure head and 
volumetric ?oWrate. With the preferred centrifugal type fan 
the air is draWn in axially With the fan and ?lter unit axis of 
rotation and discharged radially outWard. The air moving 
elements and/or ?lter elements are spaced from adjacent air 
moving elements and/or ?lter elements to alloW the unim 
peded passage of air betWeen the air moving elements and/or 
?lter elements. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The following drawings illustrate preferred, but not exclu 
sive embodiments of the invention. 

FIG. 1 is a perspective vieW of a ?lter according to a ?rst 
embodiment of the invention. 

FIG. 2 is a perspective vieW of a ?lter according to a 
second embodiment of the invention. 

FIG. 3 is a perspective vieW of a ?lter according to a third 
embodiment of the invention. 

FIG. 3A is a cross-sectional vieW of the FIG. 3 embodi 
ment. 

FIG. 3B is an exploded vieW of a cross sectional area of 
FIG. 3A 

FIG. 4 is an exploded vieW of air delivery device in 
accordance With the present invention. 

FIG. 5 is an exploded vieW of air delivery device in 
accordance With the present invention. 

FIG. 6 is a graph of clean air delivery rate (CADR) verses 
?lter media permeability as described in Example 1. 

FIG. 7 is a graph of percentage of air passing through a 
?lter blade versus ?lter blade velocity as described in 
Example 6. 

FIG. 8 is a graph of clean air delivery rate (CADR) versus 
percentage of air passing through a ?lter blade verses ?lter 
blade velocity as described in Example 6. 

FIG. 9 is a graph of clean air delivery rate (CADR) versus 
?lter media permeability as described in Example 10. 

FIG. 10 is a graph of clean air delivery rate(CADR) 
versus ?lter media permeability as described in Example 11. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The invention air delivery device comprises a housing 
having an air inlet and an air outlet. The housing generally 
is continuous betWeen the inlet and outlet so as not to alloW 
air to enter or leave the device other than at the inlet and 
outlet respectively. HoWever, small bypass vents can be 
provided so long as the net How of air to the outlet is not 
signi?cantly reduced. BetWeen the air inlet and the air outlet 
is located an air delivery fan having at least tWo rotating air 
moving means. Air delivery fan air moving elements are air 
impermeable and are generally fan blades that radiate out 
Ward from the central axis of rotation or are arranged around 
the central axis of rotation (eg in an annular array). The 
rotating air moving and/or ?lter elements intersect the How 
of air betWeen the air inlet and the air outlet and establishes 
a higher pressure Zone at the air outlet and a loWer pressure 
Zone at the air inlet. The air moving or ?lter elements are 
positioned in the housing such that there is a relatively small 
area available for air to bypass the air moving and/or ?lter 
elements. Air Which enters the loWer pressure Zone formed 
at the air inlet is draWn into and through the rotating air 
moving and/or ?lter elements and is forced toWard the air 
outlet under pressure, generally about 5 mm Water or greater, 
preferably about 10 mm Water or greater than the inlet loWer 
air pressure Zone than the air inlet pressure. 

The air delivery fan comprises at least one air ?lter 
element. The ?lter element(s) have an upstream ?lter face 
and a doWnstream ?lter face Where at least the upstream 
?lter face rotates along the same axis of rotation as any air 
moving elements. Like the rotating air moving elements, the 
?lter elements are preferably situated on the air delivery fan 
such that substantially the entire airstream passing through 
the fan intersects one or more ?lter elements prior to being 
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4 
forced to the air outlet by the air moving elements or the 
?lter elements. The ?lter elements do this by being situated 
in the housing such that the ?lter elements are generally 
coextensive With any air moving means or elements in a 
given lengthWise extent. This given lengthWise extent of the 
air moving means or elements is generally perpendicular to 
the direction of the air?oW toWard the air outlet or perpen 
dicular to the direction of rotation of the air moving ele 
ments. The air ?lter elements Will extend across the entire 
cross-sectional area of the housing Which cross-sectional 
area is traversed by the air moving means and through Which 
the air?oW is passed toWard the air outlet. HoWever, if 
desired, a given substantial portion of the given lengthWise 
extent of an air moving element(s) can be provided Without 
an air ?lter element permitting a portion of the airstream to 
go un?ltered by bypassing the provided ?lter element. If 
multiple air ?lter elements are provided at different radial 
locations of the fan, each ?lter element can have different 
portions provided Without ?lter media along the same given 
lengthWise extent. 

For each ?lter element, there is an upstream ?lter face and 
a doWnstream ?lter face. The upstream ?lter face generally 
faces the direction of rotation of the fan air moving elements 
or ?lter elements With the doWnstream ?lter face facing the 
direction opposite the direction of rotation of the air moving 
or ?lter elements. As such, the upstream ?lter face moves at 
an angle relative to the air?oW in the air delivery fan such 
that the upstream ?lter face impacts the moving air?oW, 
permitting a portion of the air to How through the ?lter 
element from the upstream ?lter face to a doWnstream ?lter 
face and from the doWnstream ?lter face back into a neW 
portion of the air?oW. The upstream ?lter face acts like an 
airfoil With higher pressure air on this face forcing air into 
and through the ?lter element to the doWnstream ?lter face 
Which is at a loWer air pressure. 

BetWeen an adjacent upstream ?lter face and doWnstream 
?lter face, along the ?lter element in the direction of the 
given lengthWise extent, there is a ?lter element leading 
edge and a primary trailing edge forming an upstream ?lter 
face. The ?lter element leading edge is generally displaced 
axially outWard of the trailing edge and/or is forWard of the 
trailing edge in the direction of rotation. It is possible that a 
secondary trailing edge be displaced axially outWard of the 
leading edge, for example, Where the ?lter element is in the 
form of a ZigZag ?lter or the like, hoWever, the leading edge 
Will be forWard of this secondary trailing edge in the 
direction of rotation. In any event, the ?lter element or 
elements do not extend continuously in the direction of 
rotation of the fan, and as such, air can ?oW past a given 
?lter element in the air ?oW channels provided. The air ?oW 
channels are generally provided betWeen the upstream face 
of a ?lter element and an adjacent doWnstream ?lter face, 
generally an adjacent ?lter element doWnstream face, and 
are spaced to alloW air?oW toWard the air outlet With 
minimal pressure drop (generally by air ?oW passages such 
as holes, gaps or the like, formed in or betWeen the upstream 
and doWnstream ?lter faces). Preferably, the adjacent 
upstream and doWnstream ?lter faces forming the air ?oW 
channels are betWeen one ?lter element and an adjacent ?lter 
element. The air ?oW passages (e.g., gaps or holes) are 
provided to alloW substantially unimpeded air?oW out of a 
How channel and generally corresponding air ?oW passages 
(e.g., holes or gaps) provide substantially unimpeded air?oW 
into a How channel betWeen adjacent upstream and doWn 
stream ?lter faces. HoWever, secondary ?oW channels can be 
formed betWeen upstream and doWnstream faces of ?lter 
elements Where there are only outlet air passages. Generally, 
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these secondary air channels Would be in ?uid communica 
tion With primary air channels via a ?lter elernent ?lter, and 
Would be formed by folding or like directional changes in 
the ?lter elernent creating a How channel betWeen the 
downstream ?lter face and an opposing portion of the same 
?lter face acting as a secondary upstrearn ?lter face The ?lter 
elernent generally can eXtend at least 0.5 cm on average on 
the upstream face(s) from the leading edge to the trailing 
edge, preferably at least 1 cm, hoWever, the eXtent of the 
?lter elernent depends on the siZe of the air delivery device 
and its operation. This distance on the upstream face 
betWeen the leading edge and the trailing edge generally 
de?nes the amount of available ?lter material or media 
available for ?ltration of a given portion of the airstrearn as 
this portion of the airstrearn ?oWs past the upstream ?lter 
face of the ?lter elernent. Of course, that fraction of this 
airstrearn portion that passes through the upstream ?lter face 
is available for further ?ltration as part of a neW portion of 
the airstrearn betWeen the downstream ?lter face and any 
adjacent upstrearn ?lter face. 

The ?lter elernent generally cornprises ?lter rnedia formed 
of a ?brous ?lter Web comprised of electret charged ?lter 
?bers. The ?brous ?lter is generally a nonWoven ?brous Web 
Where at least a portion of the ?bers forming the Web are 
electret charged. HoWever, it is possible for a ?lter Web to 
have a variable perrneability betWeen the leading and trail 
ing edges With portions either above or beloW the preferred 
ranges. If the ?lter or ?lter Web does vary in permeability, 
preferably the most perrneable material is on that portion of 
the ?lter media With the sloWest speed of rotation (e.g., the 
portion closest to the aXis of rotation). 

The preferred ?lter is comprised of a nonWoven ?brous 
Web of charged electret containing ?bers Which can be any 
suitable open nonWoven Web of charged ?bers. The ?lter 
Web could be formed of the split ?brillated charged ?bers as 
described in Us. Pat. No. 30,782. These charged ?bers can 
be formed into a nonWoven Web by conventional means and 
optionally joined to a supporting scrirn such as disclosed in 
US. Pat. No. 5,230,800 forming an outer support layer. The 
support scrirn can be a spunbond Web, a netting, a Claf Web, 
or the like. 

Alternatively, the nonWoven ?brous ?lter Web can be a 
melt bloWn rnicro?ber nonWoven Web, such as disclosed in 
US. Pat. No. 4,917,942 Which can be joined to a support 
layer during Web formation as disclosed in that patent, or 
subsequently joined to a support Web in any conventional 
manner. The rnelt bloWn nonWoven Web can be charged after 
it is formed and before or after joined to a support layer if 
provided. Also, it has been proposed to charge the rnicro? 
bers being collected as a Web. The rnelt bloWn nonWoven 
Webs are typically formed by the process taught in Wente, 
Van A., “Super?ne Therrnoplastic Fibers” in Industrial 
Engineering Chemistry, Vol. 48, pages 1342 et seq., (1956) 
or Report No. 4364 of the Naval Research Laboratories, 
published May 25, 1954, entitled “Manufacture of Super?ne 
Organic Fibers” by Wente, Van A., Boone C. D. and 
Feluharty, E. L., Which ?bers are collected in an random 
fashion, such as on a perforated screen cylinder or directly 
onto a support Web or in the manner described in PCT 
Appln. No. WO 95/05232 (betWeen tWo corotating drurn 
collectors rotating at different speeds creating a ?at surface 
and a undulating surface). The collected material can then 
subsequently be consolidated, if needed and charged such as 
in the manner described in US. Pat. No. 4,215,682. Alter 
native charging rnethods for the ?lter Web layer to form 
electrets include the methods described in US. Pat. Nos. 
4,375,718 or 4,592,815 or PCT Appln. No. WO 95/05501. 
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6 
The ?bers of the nonWoven ?lter Web can also be charged 

by known methods e.g., by use of corona discharge 
electrodes, high-intensity electric ?elds or by tribo-charging 
(e.g., as described in Us. Pat. No. 4,798,850) Where ?bers 
of differing dielectric properties are rubbed together, e.g., 
during formation of the nonWoven Web, creating rnutual 
charges on the ?bers. 

The ?bers forming the nonWoven ?brous ?lter Web are 
generally formed of dielectric polyrners capable of being 
charged to create electret properties. Generally, polyole?ns, 
polycarbonates, polyarnides, polyesters and the like are 
suitable, preferred are polypropylenes, poly(4-rnethyl 
pentenes) or polycarbonates, Which polymers are free of 
additives that tend to discharge electret properties. 

Generally, the ?lter media web should have an average 
FraZier Perrneability of about 2000 to about 8000 m3/hr/rn2, 
most preferably 3000 to 6000 m3/hr/rn2. The basis Weight of 
the ?lter Web layer or layers are generally 10 to 200 g/rn2>, 
preferably 50 to 100 g/rn2. If higher ?ltration ef?ciency is 
required, tWo or more ?lter layers may be used. 

The nonWoven ?lter Web can also include additive par 
ticles or ?bers Which can be incorporated in knoWn rnanners 
such as disclosed in US. Pat. No. 3,971,373 or 4,429,001. 
For example, if odor removal is desired, sorbent particulates 
and ?bers could be included in the nonWoven electret ?lter 
layer Web or in a Web joined to this ?lter layer Web. 
The air ?lter element can be in the form of a general 

planar element such as a fan blade or a fan blade insert. 
Nonplanar forms of the ?lter element are also possible such 
as a V-shaped Wedge or a structured sheet-like shape such as 
an array of adjacent peaks or valleys, or the like. The air 
?lter elernent generally is formed by air ?lter rnedia (e.g., of 
a ?brous ?lter) and support elements. The ?brous ?lter can 
be one or multiple layers of ?brous ?lter Web materials 
which ?lter Web may have protective cover layers on one or 
both faces. The protective cover layers are generally of a 
higher Frazier air perrneability than the ?brous ?lter Web 
generally at least 4000 m3/hr/rn2, preferably at least 5000 
rn3/hr/rn2 or higher, most preferably at least 7000 rn3/hr/rn2 
or higher. The protective cover layers can be spunbond 
Webs, spunlace Webs, calandered nonWovens or otherWise 
thin strengthen nonWoven or Woven materials. The protec 
tive cover layer generally is a noneXtensible material When 
subject to the forces encountered by the ?lter rnedia irnpact 
ing the airstrearn. 

Other than the ?lter rnedia further functional layers can be 
included With the ?lter rnedia layer or layers. These further 
functional layers can be other particulate ?ltration layers 
such as noncharged ?brous Webs, foarn ?lter layers, Woven 
?lter layers and the like. Nonparticle ?ltration layers useful 
as additional functional layers Would include layers formed 
of, or including, particules or ?bers capable of sorption or 
chernisorption such as adsorbents such as activated carbon 
particles or ?bers, silica gel, or activated alurnina. 

The ?lter rnedia support elements can be located on the 
ends of individual ?lter rnedia elements, the sides of indi 
vidual ?lter rnedia elements or in the plane of the ?lter 
media. The support elements can be rigid or ?exible but 
generally are provided to keep the ?lter media in place on 
the ?lter elernents When the fan is rotated. If the support 
elements are located at the ends or sides of the ?lter rnedia, 
generally the ?lter media is attached to the support elements 
for example, by mechanical clips, adhesive attachrnent, resin 
potting or the like. If support elements are located in the 
plane of the ?lter rnedia generally at least some of the 
support elements are attached to the ?lter media to prevent 
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the sideWise movement or slippage of the ?lter media along 
the ?lter element. Structural support elements on the doWn 
stream face of the ?lter media need not be intimately 
attached to the ?lter media as the rotational movement of the 
fan Will press the ?lter media into frictional engagement 
With these support elements. 

The air delivery device is preferably a centrifugal air 
delivery fan as shoWn in FIG. 1 having an axial air inlet 2 
With air delivered radially 7 of the axis of rotation 6 of the 
fan 1. The air moving elements 4 have an upstream face 12 
that is generally aligned With the axis of rotation and a 
doWnstream face 11. Upstream face 12 faces the direction of 
rotation 10 of the fan 1. The upstream face 12 is aligned With 
the axis of rotation 6 such that When the upstream face 
intersects the airstream it provides a substantially radial 
direction to the air?oW. 

The radial direction of the air?oW out of the fan is best 
accomplished if the air moving elements 4, or at least its 
upstream face 12 is in a plane that is generally parallel With 
the axis of rotation 6, hoWever, the air moving elements 4 
can be at a slight incline. For example, the upstream face 12 
can be in a plane Which intersects the axis of rotation by 
about 5 to 10 degrees in either direction and still provide a 
substantially radial direction to the air?oW 7. If the plane 
containing the upstream face 12 is at an angle to the axis of 
rotation 6, this angle is preferably provided so that any axial 
air?oW component is pushed toWard the face of the fan 
opposite the air inlet 2 face. 

In the embodiment of FIG. 1, the air moving elements 4 
extend radially outWard from the axis of rotation. There are 
eight air moving elements 4, hoWever, as feW as tWo air 
moving elements are possible, preferably at least four. More 
air moving elements can be used as long as the spacing 
betWeen adjacent air moving elements is at least 0.5, pref 
erably at least 1.5 cm. Additional air moving elements at a 
spacing of less than 0.5 cm generally provide little added 
bene?t. In the embodiment of FIG. 1, the air moving 
elements 4 also comprise the ?lter elements Where the ?lter 
media 3 is retained by support elements 9. The ?lter media 
3 is retained by tWo substantially identical support element 
frames 9 Which support element frames 9 can be engaged 
With each other and the ?lter media by mechanical 
engagement, adhesives, or the like. 

The ?lter elements extend in the direction perpendicular 
to the air?oW 7 by a lengthWise extent 5. This lengthWise 
extent 5 extends from the air inlet edge 13 of the fan to the 
opposite edge 14. When the fan is placed in a housing, the 
housing sideWalls Will preferably be closely adjacent both 
the air inlet edge 13, except in a central region correspond 
ing to the air inlet 2, and the opposite edge 14. As such the 
?lter element extends across the entire lengthWise extent 5 
of the cross sectional area in the housing that is traversed by 
the air moving elements, through Which passes the many 
portions of the air?oW 7. If a substantial portion (e.g., more 
than 75 percent) of the lengthWise extent 5 Were not pro 
vided With ?lter media (e.g., if all the top panels 16 Were 
blocked off), substantial portions of the radial air?oW Would 
bypass, or move through, the fan and not intersect ?lter 
media 3 and be un?ltered. Relatively thin support elements 
9 at the edges 14 and 13 (e.g., less than 1.3 cm) do not result 
in this effect due to the turbulent nature of the air?oW. The 
?lter element shoWn in FIG. 1 extends across the entire 
Width 18 of the air moving element 4 from a leading edge 15 
to a trailing edge 19. HoWever, the ?lter element could 
extend over only a portion of the Width 18 and still function 
to intersect substantially the entire air?oW although With less 
?ltration ef?ciency. 
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8 
FIG. 2 illustrates a second embodiment of a centrifugal 

fan 20 in accordance With the invention. In this embodiment, 
the air moving elements 24 are again ?lter elements formed 
of ?lter media 23 and support elements (29, 30 and 31). The 
?lter media is attached to the support elements 29 such as by 
use of adhesive. The support elements 29 are in the plane of 
the ?lter media 23 and are on the doWnstream face 11 of the 
?lter media. The ?lter media 23 of the ?lter elements extend 
across the entire lengthWise extent 25 of the air moving 
element 24 such that the entire air?oW is ensured of con 
tacting the ?lter element ?lter media 23 When the fan is 
rotated in the direction of rotation 10. The upper support 
plate 30 is provided With an air inlet opening 2. The bottom 
support plate 31 can be solid as no air is discharged axially 
out from this face of the fan. The support elements 29 are 
retained betWeen the support plates 30 and 31. 
The planar upstream face of the air moving element/?lter 

element 24 is aligned With and parallel With the axis of 
rotation providing a substantially entirely radial air?oW 7. 
The upstream face 12 in the FIG. 2 embodiment hoWever, 
does not extend linearly in the radial direction as in the 
embodiment of FIG. 1 rather is curved in the radial direction 
from leading edge 15 to trailing edge 19. The air moving 
element and/or ?lter element can curve in either direction. In 
the FIG. 2 embodiment, the upstream face curves in the 
radial direction such that the conave face is the doWnstream 
face 11 and the convex face is the upstream face 12. 

FIGS. 3, 3A and 3B illustrate a third embodiment of ?lter 
elements used in an air delivery fan of the invention. The 
?lter elements 44 are formed from a Zig-Zag pleated ?lter 
media 43 supported by an upper annular support disk 45 and 
a loWer annular support disk 46. The ?lter media 43 is 
preferably also supported by rigid support elements or by 
support bands 47 intersecting the tips or ends of the ?lter 
media on one or both outer annular surfaces. The ?lter media 
outer pleat tips are removed to create ?oW passages 48. 
Upstream face 58 and doWnstream face 59 of the pleated 
?lter media create primary ?oW channel 55. The ?lter 
elements 44 as such are V or U-shaped with How through 
primary air channels 55 formed betWeen the upstream face 
58, formed by the leading edge 51 and trailing edge 54 of an 
adjacent ?lter element 44, and the doWnstream face 59 of an 
adjacent ?lter element 44, Which doWnstream face 59 is 
formed betWeen trailing edge 54 and trailing edge 52. This 
primary air channel 55 also forms an air passage. The air 
passages in this embodiment can be any appropriate siZe or 
shape but are generally at least 0.02 cm2, preferably at least 
0.06 cm2 on average in its minimum cross sectional area. 
The cross sectional area of all the air ?oW passages for this 
embodiment (taken at their minimum cross sectional area for 
air ?oW passages that extend along an air channel) generally 
comprise from 5 to 25 percent, preferably 10 to 20 percent, 
of the total cross sectional area of the ?lter elements and any 
?oW passages betWeen adjacent ?lter elements. 
A secondary air channel 56 is formed betWeen a doWn 

stream face 68 formed betWeen leading edge 51 and trailing 
edge 54 and a secondary upstream face 69, formed betWeen 
trailing edge 54 and secondary trailing edge 52. This sec 
ondary air channel has an air outlet 57 but no air inlet. As 
such air entering air channel 56 from the doWnstream ?lter 
face can form a secondary air?oW and exit out an air ?oW 
passage formed by the air outlet gap 57 and rejoin the 
primary air?oW 7. 

Annular ?lter 40 of FIGS. 3 and 3A can be attached to a 
fan 60 With separate air moving elements 61 in a housing as 
shoWn in FIG. 4. The air moving elements 61 are fan blades. 
The spacing betWeen the leading and trailing edges (51 and 
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52) of adjacent ?lter elements creates air?ow channels 55 
that ensure that air can freely move into the air ?lter 
elements and outward as a radial air?oW 7 even When the 
?lter media 43 forming the ?lter elements 44 is fully loaded 
With particulates. Alternatively, the ?lter media could be 
provided With holes to form ?oW channels betWeen 
upstream and doWnstream ?lter element faces to ensure 
continuous air?oW even When the media is fully loaded. 

FIG. 4 illustrates the ?lter of FIG. 3 used in a housing 62 
having an air inlet 63 and an air outlet 64. The air moving 
elements 61 are spaced radially from the aXis of rotation and 
form fan blades provided in an annular array on a radial 
bloWer Wheel 60. The air inlet is provided on a cover 66 that 
?ts onto the main housing 62. The radial air?oW from the 
bloWer Wheel is directed through the ?lter 40 Where it 
intersects the upstream faces of the ?lter elements 44. The 
?lter and its ?lter elements are shoWn radially outWard of the 
air moving elements in FIG. 4, hoWever, the ?lter and its 
?lter elements could be located radially inWard of the air 
moving elements of the fan by being located inside the 
bloWer Wheel. 

FIG. 5 illustrates a further embodiment of the invention 
Where a ?lter 80 as shoWn in FIG. 3 is attached to a bloWer 
Wheel 84 in a housing 85 of a centrifugal air delivery fan 
such as Would be used in the HVAC system of a vehicle. The 
air inlet 82 is centrally located in the housing With the radial 
outlet 90 extending off the side designed to deliver air at a 
pressure head. The ?lter 80 engages the bloWer 82 by a 
friction ?tting. 
When the air moving means are formed by the ?lter 

elements as shoWn in FIGS. 1 and 2, preferably all the air 
moving means are formed in Whole or in part by the ?lter 
elements to ensure ?ltration of the entire air?oW. HoWever, 
one or more air moving means can be formed other than as 
?lter elements With a resulting decrease in ?ltration effi 
ciency due to bypass of the air?oW Without intersecting any 
?lter elements. Where air moving elements or a fan blade 
form a portion of the air moving means, preferably the air 
moving elements are at least 25 percent of the cross sectional 
area of air moving means, preferably at least 75 percent of 
the cross sectional area. 

Although not preferred, the air delivery device can also be 
provided by a aXial fan in Which case the air moving 
elements and/or ?lter element intersect the aXis of rotation of 
the fan. In this case, a substantial portion of the air?oW is 
given an aXial ?oW direction and the air outlet is located on 
the aXial face of the air delivery fan opposite the air inlet 
face. The ?lter element (s) are preferably provided along the 
entire WidthWise eXtent 18 of the air moving means to 
prevent any air bypass Without ?ltration. 

In operation the ?lter elements rotate in the direction of 
rotation intersecting the airstream and also imparting aXial 
and/or radial movement to the airstream. At least 95 percent 
of the airstream is ?ltered by at least partially passing 
through the air ?lter element ?lter media. The ?lter elements 
are spaced relative to one another or otherWise provide air 
?oW channels that permit the passage of air along or past the 
?lter elements. Preferably these air ?oW channels have 
outlets located at the outermost edge of the ?lter element 
Where the airstream moves aWay from the ?lter elements 
with How channels being de?ned by adjacent upstream and 
doWnstream faces of the ?lter element(s). 

The air ?oW passages in or through the air ?oW channels 
alloW for the substantially unimpeded passage of air through 
the ?lter even When the ?lter elements are substantially 
loaded With particles. This alloWs the ?lter elements to 
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10 
operate Without creating signi?cant pressure drops over their 
useful life With nominal reductions in air?oW through the 
?lter device. The reduction in air?oW of the ?ltration device 
over the useful life of the ?lter elements is generally less 
than 15 percent, preferably less than 10 percent, and most 
preferably less than 5 percent. The ?lter elements operate at 
decreasing efficiency as they become particle loaded due to 
the decrease in permeability and loading of the electret 
charged ?lter media. 

Overall, the ?lter media operates best When in the pre 
ferred FraZier air permeability range, both initially and When 
fully or partially loaded With particles. Generally, at least 5 
percent of the air?oW should ?oW through the ?lter media in 
operation, preferably from 10 to 75 percent, and most 
preferably 10—50 percent. Higher percent air?oW through 
the ?lter media is less desirable as there is reduced ef?ciency 
of the media due to the decreased basis Weight needed to 
obtain this increase in air?oW through the media. As pre 
meability and the percent air passing through the media 
decreases With an uncharged ?lter media, the ?ltration 
performance generally stays the same or decreases. 
HoWever, With the invention charged ?lter media, there is a 
signi?cant increase in performance until the permeability 
decreases to less than 2000 m3/hr/m2. The inter-relationship 
betWeen charged media and permeability is not fully 
understood, but it is clear that With a charged ?ltration media 
there is a signi?cant increase in ?ltration performance With 
a moving ?lter device in accordance With the invention 
particularly in the preferred permeability ranges. 

EXAMPLES 
Test Procedures 

Clean Air Delivery Rate 

Clean air delivery rate provides a measure of the air 
cleaner performance by using an ANSI standard procedure 
entitled “Method for Measuring Performance of Portable 
Household Electric Cord-Connected Room Air Cleaners”, 
ANSI/AHAM AC-1-1988, dated Dec. 15, 1988. This 
method Was modi?ed, as described beloW in the Time to 
Cleanup (Particulate Challenge) test, to accommodate and 
test a variety of ?lter systems and constructions. Clean Air 
Delivery Rate (CADR) is de?ned by the equation 

Where V is the volume of the test chamber, ke(1/tmin) is the 
measured decay rate of the particle count in the test chamber 
resulting from the operation of the air cleaning device being 
tested per the standard requirements, and ke(1/tmin) is the 
natural decay rate of particle count in the test chamber in the 
absence of an air cleaning device. 

FraZier Permeability 

FraZier permeability, a measure of the permeability of a 
fabric or Web to air, Was determined according to Federal 
Test Standard 191A, Method 5450 dated Jul. 20, 1978. 

BloWer Pressure 

Pressure developed by the mini-turbo fan assembly Was 
de?ned as the difference betWeen the dynamic pressure 
created betWeen the leading and trailing faces of each blade 
component While rotation at a speci?ed speed (i.e. the 
differential of the dynamic pressure across the ?lter media). 
This pressure Was determined by using Bernoulli’s equation 
of static pressure as described in “Fluid Mechanics” by V. L. 
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Streeter & E. B. Wylie, McGraW-Hill Book Co., pp. 101, 
1979. The pressure developed by the centrifugal blower unit 
con?guration is de?ned as the differential in air ?uid pres 
sure betWeen the inlet of the bloWer assembly (ie the inlet 
of the scroll unit of the bloWer unit) and the dynamic 
pressure at the scroll outlet. The pressure drop of the moving 
?lter in the centrifugal bloWer unit Was determined by using 
Bernoulli’s equation of static pressure mentioned above. 

Time to Cleanup (Particulate Challenge) 
This test Was designed to characteriZe the rate at Which a 

?lter con?guration reduced the particle count of a knoWn 
volume of air in a re-circulation mode. The test chamber 
consisted of a “Plexiglas” box having a one cubic meter (m3) 
volume. The front sideWall of the test chamber Was equipped 
With a door to alloW placement of instrumentation, sensors, 
poWer supplies, etc. into the chamber. Each of the tWo 
adjacent sideWalls Were each equipped With a 10 cm (4 inch) 
port Which served as inlet and/or outlet ports to introduce or 
evacuate particles from the chamber. One of three smaller 
3.8 cm (1.5 inches) diameter ports located on the back 
sideWall of the chamber Was used to probe the particle level 
in the test chamber. The tWo other ports Were ?tted With 
0.0254 m (1 inch) diameter 3M Breather Filters, Part No. 
N900 (available from 3M, St. Paul, Minn.) Which exhibited 
99.99% efficient capture of particles§0.3 pm in siZe. The 
thus protected ports functioned as breathers to maintain a 
balanced atmospheric pressure betWeen the test chamber and 
ambient surroundings. The interior of the test chamber Was 
also equipped With poWer outlets that Were controlled from 
outside the chamber. The particle challenge level Was 
adjusted to a constant, controlled level prior to the start of 
each test by means of a portable room cleaner (available 
from Holmes Products Corp., Milford, Mass.). A recircula 
tion fan (available from Duracraft Corp., Whitinsville, 
Mass.) Was used to maintain a uniform mixing of the 
particulate challenge before the test started. This fan Was set 
at maximum speed during re-circulation and turned off once 
particle testing started. The particle count analyZer (a “Por 
table Plus” HIAC/ROYCO particle counter, available from 
Paci?c Scienti?c, Silver Spring, Md.) Was connected to the 
test chamber by means of a 6.35 mm OD (% inch) tube 
Which Was 1.22 m (4 foot) in length. All openings into the 
test chamber Were carefully sealed With gaskets or sealants 
to minimiZe particle leakage during testing. 

All testing Was conducted using background particles 
from the environment With an additional paper smoke load 
to bring the initial particle level to about 1.41><108 particles/ 
In3 (4><106 particles per cubic feet). The smoke generator 
consisted of a stick made of bond paper that Was ignited and 
introduced in the test chamber for a feW seconds. The 
resulting particle concentration Was typically above the 
desired value and the room cleaner Would be used to reduce 
the count to a constant baseline of 1.41><108 particles/m3 
(4><106 particles/ft3) for all tests. Once the desired particle 
concentration level Was attained, the moving ?lter apparatus 
Was turned on and the particle concentration of the chamber 
Was sampled every 30 seconds at a rate of 5.66 liters/min 
(0.2 ft3/min) to generate the particle decay curve over a 
period of ten minutes. After each test the chamber Was 
purged of particles. In addition to logging the particle decay 
curves, the voltage, amperage consumption and rpm’s of 
each ?lter con?guration Was recorded using a Fluke 
instrument, model 87, Everett, Wash. The ?ltration perfor 
mance characteriZation of each moving ?lter Was made 
folloWing the ANSI/AHAM AC-11-1988 standard. Varia 
tions to the standard Were the test chamber dimensions, 
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12 
re-circulation fan siZe, no humidity control, use of a manual 
smoke generator (paper smoke), frequency of data taking 
and length of the test (10 minutes). 

Web Thickness 

Web thickness Was measured using an electronic digital 
caliper, Model 721B, available from Starrett, Athol, Mass. 

Air?oW Through Filter Media 

Air?oW through the various media used as ?lter material 
Was calculated according to the formula: 

FloW (m3/hr)=(QM/QS)><100 

Where 

QM=Calculated floW through the media using the equation 
PERMx?lter area; 

Where PERM is de?ned beloW. 

QS=FlOW delivered by the system due to the media, and is calcu 
lated as the difference QC—QF, Where 

OF, the air?oW due to the frame of the fan blades, Was 
determined by operating the mini turbo fan (described 
beloW) at the indicated speed (rpms determined by a 
stroboscope, (model 1000, available from Ametek Inc., 
Largo, Fla.) recording the voltage and current draW corre 
sponding to the rotational speed for subsequent calculations, 
determining the air velocity (an average of three data points) 
at the fan outlet using a hand held anomometer, (Model 
“Velocicalc Plus”, available from TSI Inc., St. Paul, Minn.), 
and calculating the How rate OF by multiplying the air 
velocity times the cross-sectional area of the outlet. 

QC, the combined air?oW due to the ?lter media and 
frame, Was determined using a procedure identical to that 
used to determine OF except that the bare turbo blade frames 
Were replaced With frames ?tted With ?lter media. 
PERM, the permeability of the ?lter media on a moving 

turbo blade, Was calculated using the equation: 

PERM=(FraZier permeabilityxPA)/ PB 

Where 
Frazier permeability for the ?lter media Was determined 

as described above; 
P A, the pressure exerted on the ?lter media of a moving 

turbo blade, Was calculated using the formula: 

PA= M/Filter area 

Where FM, the force exerted on the media, de?ned as 
TM/(Z/3)R, Where TM is the torque exerted on the media and 
R is the radius of the mini turbo impeller. This calculation 
Was based on the assumptions that the velocity pro?le on the 
media Was triangular, Zero at the axis and maximum at the 
blade tip, that the net force acted at 2/3 of the impeller radius, 
and that torque TM could be calculated as the difference 
betWeen the torque With ?lter media on the turbo blades and 
torque With only the turbo blade frames as calculated from 
the torque/current relationships for the electric motor used in 
the bloWer. 

PB, the pressure on the face of the moving ?lter media in 
the bloWer, Was determined by placing a sample of the ?lter 
media from the turbo fan blade in a TSI Model 8110 
Automated Filter Tester apparatus (available from TSI Inc.), 
adjusting the How rate through the media to that calculated 
for an individual turbo blade (Vs of the total ?oW rate), and 
obtaining a value for PE as a standard machine output. 
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Test Con?gurations 

Mini Turbo Fan 

The mini turbo fan consisted of a centrifugal ?at blade 
?lter con?guration. The DC fan motor, a 9 cm Disc motor, 
(Part No. 090SF10, available from Hansen Corporation, 
Princeton, Ind.), Was secured to a mounting panel Which 
alloWed the motor to be positioned outside the scroll unit 
With only the motor shaft extending into the scroll unit to 
alloW mounting of the fan blades. A scroll housing, designed 
using standard fan & bloWer design principles using a 10 
degree diffuser angle, Was constructed from art poster board 
(1.2 mm thickness, Cat. No. 666, available from Crescent 
Cardboard Co., Wheeling Ill.) Which Was glued together 
using a hot melt adhesive. The scroll unit Was 6.35 cm in 
height, the inlet Was 14.3 cm in diameter, the rectangular 
outlet Was 10.8><5 .7 cm in cross-section, and the air expan 
sion ratio of the scroll Was 1:8. The shaft of the motor Was 
equipped With an 1.9 cm aluminum hub having eight uni 
formly spaced dovetail slots Which received the rectangular 
frame units of the individual fan blades. The frames, Which 
Were 5.1 cm><5.7 cm (2 in.><2.25 in.) in dimension With a 
central, longitudinal support element, Were machined from 
PVC plastic. The assembled circular cross-section of the unit 
Was approximately 14 cm in diameter. PoWer Was supplied 
to the motor by a variable voltage poWer source, Which 
alloWed the speed of the fan to be controlled and poWer 
consumption of the motor to be monitored. 

Add-on Filter Con?guration 

A centrifugal bloWer assembly having a bloWer Wheel 
15.25 cm outside diameter, 13.0 cm inside diameter and 
blade height of 4.3 cm With 38 forWard curved blades Was 
used for this test con?guration. The blower assembly Was 
driven by a DC motor, Which Was connected to variable 
voltage poWer source alloWing the speed of the fan to be 
controlled and poWer consumption of the motor to be 
monitored. The scroll Was designed using standard fan & 
bloWer design principles. The diffuser angle of the scroll Was 
8 degrees. Filter elements used in conjunction With this test 
con?guration Were siZed to ?t exterior to the fan blades on 
the bloWer Wheel. 

Automotive HVAC Con?guration 

A dash assembly, including the air circulation ducting 
components, Was removed from a Ford Taurus and used in 
this test con?guration. An access panel Was cut into the 
bloWer housing to alloW various ?lter element con?gura 
tions to be inserted into the bloWer Wheel of the unit. PoWer 
Was supplied to the motor by a variable voltage poWer 
source, Which alloWed the speed of the fan to be controlled 
and poWer consumption of the motor to be monitored. A 15 
cm diameter, 130 cm long duct Was connected to the inlet 
side of the HVAC system. A hot Wire anemometer (Model 
“Velocicalc Plus”) Was mounted at the end of the duct to 
measure the air?oW rate. A manometer Was used to measure 

the pressure developed across the bloWer Wheel With the full 
HVAC system in place. A second, identical, HVAC system 
Was then modi?ed by removing the coils, ducting, and 
cutting the exit side of unit to a siZe Which Would ?t into the 
cubic meter box. A solid, sliding baffle plate Was placed on 
the exit of the modi?ed system to enable the system How and 
pressure to be adjusted to duplicate the How and pressure 
parameters of the system prior to What it had been before 
several components Were removed. This modi?ed unit Was 
then used for all particulate and gas testing. The original full 
HVAC system Was used for all further ?oW, and poWer 
measurements. 

10 

15 

20 

25 

30 

35 

40 

45 

55 

60 

65 

14 
Particulate Filter Media 

GSB30 

A charged ?brillated ?lm ?ltration media having a basis 
Weight of 30 g/m2 (available from 3M Co., St. Paul, Minn. 
under the designation “FITRETE” Air Filter Media Type 

GSB30). 

GSB50 

A charged ?brillated ?lm ?ltration media having a basis 
Weight of 50 g/m2 (available from 3M Co. under the 
designation “FITRETE” Air Filter Media Type GSB50). 

GSB70 

A charged ?brillated ?lm ?ltration media having a basis 
Weight of 70 g/m2 (available from 3M Co. under the 
designation “FITRETE” Air Filter Media Type GSB70). 

GSB150 

A charged ?brillated ?lm ?ltration media having a basis 
Weight of 150 g/m2 (available from 3M Co. under the 
designation “FITRETE” Air Filter Media Type GSB150). 

MeltbloWn 

Acharged bloWn micro?ber Web having ?ber diameters in 
the range of 0.3 pm to 5 pm and basis Weight of 70 g/m2. The 
Web prepared substantially as described in Report No. 4364 
of the Naval Research Laboratories, published May 25, 
1954, entitled “Manufacture of Super Fine Organic Fibers” 
by Van Wente et. al. and charged substantially as described 
in US. Pat. No. 4,749,348 (Klaase et. al.) 

Fiber Glass 

A commercially available 70 g/m2 ?ber glass paper With 
95% ASHRE ef?ciency, available from Bernard Dumas S. 
A., Creysse, France, under the designation B-346W. 

Paper 

A White, 100% cellulosic paper available from Georgia 
Paci?c Papers, Atlanta, Ga., under the designation 
Spectrum-Mimeo, 75 g/m2. 
Filter Assembly 

Mini Turbo Fan Blades 

The ?lter media Was cut into rectangular pieces 5.1 
cm><5.7 cm (2 in.><2.25 in.) in siZe, a thin bead of hot melt 
adhesive (Jet Melt, Product No. 3748-Q, available from 3M) 
Was applied to the perimeter and central support member of 
the fan blade frame, a piece of the ?lter media Was placed 
on the hot adhesive and slight hand pressure Was applied. 
The adhesive Was alloWed to cool before any testing. 

Pleated Filter Cartridges 

A rectangular piece of the ?lter media (siZed to provide 
the desired length of pleated ?lter media (dependant on the 
diameter of the bloWer Wheel, pleat depth and pleat density) 
Was formed into pleats using a “Rabofsky” pleater, 
(available from Rabofsky GmbH, Berlin, Germany). The 
pleated strip Was mounted on a jig to hold the pleat tips at 
the desired spacing and tWo pieces of adhesive thread 
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(“String King”, available from H.B. Fuller Co., St. Paul 
Minn.) Were attached across the pleat tips to secure their 
spacing. The spaced, stabilized pleat pack Was then Wrapped 
around the blower Wheel (or inserted into the bloWer Wheel) 
and pleats Were trimmed to produce a precise ?t. The pleat 

16 

TABLE 2 

CADR vs. Media Permeability 

Frazier Permeability1 CADR2 
pack Was then removed from the bloWer Wheel, the tWo ends 
of the pleat pack Were brought together to form a continuous Filtration Material m3/h/m2 ft.3/h/ft2 m3/h ft.3/min 
loop and tWo pieces of adhesive thread about used to span 
across the inner pleat tips, securing the pleat pack into a 651330 10322 553's 13'8 8'1 

l' d ' lsha e TWo annular oster board rin shavin the 10 GSBSO 7’888 4313 200 11'8 
Cy 1h hca P - P _ g g GSB70 5,969 326.4 32.5 19.1 
same diameter as the pleated cylinder Were attached to the 6513150 3,261 1783 45_7 269 
top and bottom of the ?lter structure using a hot melt MeltbloWn 2,011 110 24.6 14.5 
adhesive to maintain the cylindrical shape of the ?lter. The Fiber Glass 554 30-3 10-0 5-9 
outer diameter tips of the pleated ?lter constructions Were Paper 6-4 O35 2-7 1-6 

opnfinlany left . Intact O.r Sht’ to provlde a by-p ass 15 1Determined as described in the Frazier Permeability test procedure above. 
Con guratlon’ pnor to tesnng' 2Calculated as described in the “Method for Measuring Performance of 

Portable Household Electric Cord-Connected Room Air Cleaners,” ANSI/ 
EXample 1 AHAM AC-1-1988. 

The ?ltration performance of several ?lter media as a 20 
function of the permeabilty of the media Was studied using 
Time to Cleanup (Particulate Challenge) test described . . . . . . . 

above. Amini turbo fan Was ?tted With each of the indicated The lhteprelanonshlp _Of mhdla permeablhty (Frazlhr 
?lter media and placed in the test apparatus, a known Permeability) and CADR is readily apparent from an exami 
particulate L challenge introduced into the boX, and the fan 25 hatloh of the data 1h TABLE 2 Suggests that the tWO 
operated at 2900 rpm. Particle count data for these studies parameters earl be balanced agarnst each other dependrng on 
are reported in TABLE 1. the requirements of the application. 

TABLE 1 

Particle count vs. Time 

Particle Count x 105 

Time 
(min) Baseline GSB3O GSBSO GSB70 GSB15O Melt BloWn Fiber Glass Paper 

0 3.08 3.10 3.11 3.11 3.12 3.11 3.07 3.08 
0.5 3.05 3.00 2.97 2.93 2.83 3.00 2.97 3.01 
1.0 3.02 2.86 2.74 2.69 2.27 2.78 2.84 2.94 
1.5 2.98 2.68 2.49 2.21 1.65 2.52 2.70 2.87 
2.0 2.95 2.48 2.21 1.79 1.10 2.22 2.56 2.79 
2.5 2.91 2.27 1.92 1.38 0.700 1.89 2.41 2.71 
3.0 2.89 2.05 1.64 1.05 0.441 1.58 2.25 2.64 
3.5 2.85 1.83 1.38 0.772 0.277 1.29 2.09 2.57 
4.0 2.82 1.62 1.14 0.561 0.173 1.03 1.95 2.49 
4.5 2.78 1.43 0.949 0.405 0.112 0.819 1.79 2.40 
5.0 2.75 1.25 0.775 0.296 0.071 0.636 1.63 2.32 
5.5 2.71 1.10 0.632 0.213 0.050 0.495 1.50 2.24 
6.0 2.68 0.937 0.515 0.156 0.038 0.386 1.36 2.15 
6.5 2.65 0.815 0.419 0.117 0.030 0.301 1.24 2.08 
7.0 2.62 0.701 0.348 0.085 0.025 0.233 1.12 2.00 
7.5 2.58 0.592 0.287 0.063 0.022 0.183 1.01 1.91 
8.0 2.55 0.511 0.235 0.049 0.018 0.143 0.901 1.84 
8.5 2.51 0.447 0.196 0.038 0.016 0.112 0.807 1.75 
9.0 2.48 0.383 0.163 0.030 0.016 0.091 0.727 1.68 
9.5 2.45 0.330 0.136 0.023 0.014 0.074 0.651 1.60 

10.0 2.40 0.290 0.119 0.020 0.013 0.061 0.586 1.54 

Examination of the data in TABLE 1 shoWs that When 55 EXample 2 
Operating at Comparable Conditions in a “moving ?lter” The ?ltration performance of a ?lter media as a function 
con?guration, more porous ?ltration materials (i.e. GSB30, 0f ehangrng perrneabrlrty 0f the rnedra Was studred usrng the 
GSBSO, GSB70, 6513150, and meltblown) are more effec_ Time to Cleanup (Particulate Challenge) test. GSB70'med1a, 
tive in removin articles than less ermeable materials (i e GSB70/Posterboard lammate (prepared by lammanng the 

gp p ' ' 60 poster board to the GSB70 media With a bead of hot melt 
hher glass, & Paper) adhesive along the edge of the poster board), and a cellulosic 

paper ?lter media (described above) Were used as ?lter 
The Clean Air Delivery Rate (CADR) calculated on the medla 1.n thls Study‘ The mlm turbo .fan Was sequentlahy. 

d t h _ TABLE 1 f th _ ?n t, d, ?tted With each of the materials mentioned above, the mini 
a a S QWn m or e_vanous ra 1On_me 1a are turbo fan placed in the test apparatus, a knoWn partlculate 

ShOWh 1h TABLE 2 ahd graphlcahy Presehted 1h FIG 6> 65 challenge introduced into the boX and the fan operated at 
Where the CADR is compared to the permeability of the 
?ltration media. 

2900 rpm. Particle count data for these studies are reported 
in TABLE 3. 
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TABLE 4 

17 

TABLE 3 

Particle Removal vs. Blade Porosity 
Particle Count x 105 

GSB70/Poster 
Time (minutes) Baseline GSB70 Board Laminate Paper 

0 3.08 3.11 3.11 3.08 
0.5 3.05 2.93 3.00 3.01 
1.0 3.02 2.60 2.85 2.94 
1.5 2.98 2.21 2.69 2.87 
2.0 2.95 1.79 2.51 2.79 
2.5 2.91 1.38 2.31 2.71 
3.0 2.89 1.05 2.10 2.64 
3.5 2.85 0.772 1.90 2.57 
4.0 2.82 0.560 1.69 2.49 
4.5 2.78 0.405 1.49 2.40 
5.0 2.75 0.296 1.30 2.32 
5.5 2.71 0.213 1.14 2.24 
6.0 2.68 0.156 0.973 2.15 
6.5 2.65 0.117 0.845 2.08 
7.0 2.62 0.085 0.721 2.00 
7.5 2.58 0.063 0.620 1.91 
8.0 2.55 0.049 0.539 1.84 
8.5 2.51 0.038 0.454 1.75 
9.0 2.48 0.030 0.388 1.68 
9.5 2.45 0.023 0.333 1.60 

10 2.40 0.020 0.288 1.54 
CADR 32.3 8.1 1.6 

Examination of the data shown in TABLE 3 clearly shows 
that superior particle removal rates are realized When more 

air?oWs through the ?lter media (unbacked vs. backed 
GSB70). The calculated CADRs for the GSB70, GSB70/ 
paper laminate and paper ?lter con?gurations based on the 

data of TABLE 3 of 32.5 m3/h (19.1 ft.3/h), 8.1 m3/h (13.7 
ft.3/h), and 1.6 m3/h (2.8 ft.3/h), respectively, for the three 
media con?gurations further substantiates the importance of 
air?oW through the ?lter media to achieve good ?ltration 
performance. 

Example 3 

Filtration performance of tWo identical pleated ?lter con 
structions in “moving” and “static” con?gurations Were 
studied using the Time to Cleanup (Particulate Challenge) 
test described above. In this study the mini-turbo fan Was 
replaced With the Add-on Filter test unit (described above) 
Wherein the ?lter elements in both con?gurations Were 
placed outside the bloWer Wheel. 

The ?lter elements Were assembled as described above 

using GSB70 media approximately 2.55 m (8.4 feet) by 4.13 
cm (1.62 inches), Which Was converted into a pleated ?lter 
cartridge With an OD of 19 cm (7.5 in.), an ID of 15.75 cm 
(6.2 in.) and a height of 4.13 cm (1.62 in.), and having 85 
pleats at a 6 mm spacing. Subsequent to assembly into the 
cartridge, the pleat tips Were slit. 

The “moving” ?lter cartridge Was mounted directly onto 
the bloWer Wheel. The “static” ?lter Was positioned just off 
the surface of the bloWer Wheel by mounting it to the 
stationary scroll housing such that it did not contact the 
bloWer Wheel in operation. In both tests, the Add-on Filter 
test unit Was operated at 13 volts and the particle count of the 
test chamber monitored. Particle count data for the tWo test 
con?gurations are summarized in TABLE 4. 
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“Moving” vs. “Static” 
Filtration Performance 

% Cleanup 

Time 
(Minutes) Baseline “Moving” “Static” 

0 3.08 0.00 0.00 
0.5 3.05 11.7 9.0 
1.0 3.02 33.1 21.5 
1.5 2.98 54.5 37.0 
2.0 2.95 72.5 51.1 
2.5 2.91 84.4 64.7 
3.0 2.89 91.1 74.9 
3.5 2.85 94.8 82.5 
4.0 2.82 97.1 88.0 
4.5 2.8 98.3 91.8 
5.0 2.75 98.9 94.5 
5.5 2.71 99.3 96.2 
6.0 2.68 99.5 97.4 
6.5 2.65 99.7 98.1 
7.0 2.62 99.8 98.7 
7.5 2.58 99.8 99.0 
8.0 2.55 99.8 99.3 
8.5 2.51 99.8 99.5 
9.0 2.48 99.9 99.6 
9.5 2.45 99.9 99.7 

10.0 2.40 99.9 99.7 
CADR (m3/h) 36.6 25.5 

While both the “moving” and “static” ?lter con?gurations 
eventually reached similar particle concentrations in the test 
apparatus, it is apparent from an examination of the data in 
TABLE 3 that the “moving” ?lter con?guration Was able to 
reduce the particle count more rapidly than the “static” ?lter 
con?guration. This performance difference is also re?ected 
in the calculated CADR for the “moving” ?lter con?guration 
and the “static” ?lter con?guration (36.6 m3/h vs. 25.6 
m3/h). 

Example 4 

The mini turbo fan apparatus Was used to study the effect 
of charge on the ?ltration media of a “moving” ?lter 
con?guration. 

Filtration performance of GSB70 media and GSB70 
media Which had been discharged by Washing the media in 
isopropyl alcohol Were used as the ?lter media for this study. 
The mini turbo fan Was sequentially ?tted With the tWo ?lter 
media, the mini turbo fan placed in the Time to Cleanup 
(Particulate Challenge) apparatus, a knoWn particulate chal 
lenge introduced into the box, and the fan operated at 2800 
rpm. Particle count data for these studies are reported in 
TABLE 5. 

TABLE 5 

Effect of Charge on Filtration Performance 
(Particle Count x 105) 

Time Charged Uncharged 
(Minutes) Baseline GSB70 GSB70 

0 3.08 3.11 3.08 
0.5 3.05 2.93 3.00 
1.0 3.02 2.69 2.89 
1.5 2.98 2.21 2.76 
2.0 2.95 1.79 2.62 
2.5 2.91 1.38 2.48 
3.0 2.89 1.05 2.33 
3.5 2.85 0.772 2.17 
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TABLE S-continued 

Effect of Charge on Filtration Performance 
(Particle Count x 105) 

20 

TABLE 7 

Calculated Clean Air Delivery Rate vs. 
Fan Blade Speed 

5 

Time Charged Uncharged Velocity Velocity CADR CADR 
(Minutes) Baseline GSB70 GSB70 Rpm (m/sec) (Ft./min) (m3/h) (ft.3/min ) 

4.0 2.82 0.561 2.00 2900 21.2 4176 33.3 19.6 
4.5 2.8 0.405 1.86 2500 18.3 3600 20.4 12 
5.0 2.75 0.296 1.69 10 2100 15.4 3024 15.6 9.2 
5.5 2.71 0.213 1.56 1700 12.4 2448 11.6 6.8 
6.0 2.68 0.156 1.42 1300 9.5 1872 7.8 2.9 
6.5 2.65 0.117 1.29 900 6.6 1296 4.9 2.9 
7.0 2.62 0.085 1.17 500 3.7 720 3.1 1.8 
7.5 2.58 0.063 1.06 
8.0 2.55 0.049 0.962 15 

8-5 2-51 0038 0867 It is apparent from an examination of the data in TABLE 

3'2 5'1? 8'83? 823; 6 and the calculated CADR shown in TABLE 7 that the 
100 240 0020 0629 ?ltration performance of the GSB70 media showed a 

CADR (m3/h) 32.5 8.5 decided improvement as the speed of the mini turbo fan was 
20 increased. It is recognized that this data is unique to the test 

con?guration described in a recirculation mode, and, as 
such, no absolute speed/?ltration performance values can be 

The calculated CADRs for the charged GSB70 and de?ned Whlch W111 apply to an ?lt.ran.on apphqanotls' 
. . However, the data does show a de?nite inter-relationship 

uncharged GSB70 ?lter media based on the data in TABLE . . 
25 between the ?lter speed and ?ltration performance, WhlCh 

5 of 32.5 m3/h and 8.5 m3/h respectively for the two media, 
the data in TABLE 5 clearly demonstrate that charged media 
provides superior ?ltration performance to uncharged media 
in moving ?lter con?gurations. 

Example 5 

Filtration performance as a function of the speed of the 
moving ?lter was studied using the mini turbo ?lter appa 
ratus. 

A mini turbo fan having GSB70 ?ltration media on its 
blades (prepared as described above) was placed in the Time 
to Cleanup (Particulate Challenge) apparatus, a known par 
ticulate challenge introduced into the box, and the fan 
operated at the speed indicated in TABLE 6. (The fan blades 
were replaced with new blades having new ?ltration media 
for each test speed.) Particle count data for these studies are 
reported in TABLE 6. 

TABLE 6 

Filtration Performace vs. Filter Speed 
Particle Count x 105 

Time Filter Speed (rpm) 

(min.) 2900 2500 2100 1700 1300 900 500 

0 3.10 3.12 3.10 3.10 3.12 3.08 3.11 
0.5 2.88 2.98 2.96 3.00 3.04 3.05 3.07 
1.0 2.48 2.74 2.75 2.84 2.92 2.96 3.02 
1.5 2.00 2.43 2.52 2.65 2.80 2.87 2.97 
2.0 1.54 2.10 2.23 2.45 2.65 2.78 2.93 
2.5 1.12 1.75 1.96 2.23 2.50 2.68 2.87 
3.0 0.804 1.42 1.68 1.99 2.34 2.58 2.82 
3.5 0.567 1.13 1.42 1.77 2.16 2.47 2.76 
4.0 0.396 0.880 1.20 1.55 1.99 2.37 2.70 
4.5 0.281 0.680 0.986 1.36 1.81 2.27 2.64 
5.0 0.204 0.530 0.818 1.16 1.65 2.15 2.57 
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needs to be optimized for each combination of ?lter media 
and apparatus con?guration. 

Example 6 

The mini turbo fan was used as a model to calculate the 
percentage of air passing through various ?ltration media as 
a function of the rotational speed of the ?lter media. An 
average velocity, taken at 2/3 of the diameter of the mini turbo 
fan blade assembly, and the Frazier permeability were used 
to calculate the air?ow through the various media, the results 
of which are reported in TABLE 8 and graphically presented 
in FIG. 7. 

TABLE 8 

Percent Air Passing Through Filter Media 
vs. Filter Speed 

vm 
Speed (m/ Melt Fiber 
(rpm) sec) GSB30 GSB50 GSB70 GSB150 blown Glass 

500 2.2 19.2 21.1 15.6 5.6 2.7 0.3 
900 4.0 24.1 18.3 14.1 4.2 2.8 0.2 

1300 5.8 32.7 17.7 10.9 6.7 2.5 0.4 
1700 7.5 37.8 21.6 15.0 8.0 4.0 0.5 
2100 9.3 47.6 30.0 19.2 12.3 5.0 0.8 
2500 10.6 62.6 42.7 28.8 14.2 5.8 1.0 
2900 12.9 73.5 45.5 31.6 17.9 6.9 1.0 

The CADR for the various media was subsequently 
calculated for 2900 rpm, the results of which are shown in 
TABLE 9 and are graphically presented in FIG. 8. 

TABLE 9 

Percent Air Passing Through Filter Media 
vs. Clean Air Delivery Rate CADR 

% Air Passing Through CADR 
Media Media (m3/h) 

GSB30 73.5 13.8 
GSB50 45 .5 20 
GSB70 31.6 32.5 














