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stream. The filter will act to remove the particulates from the gas stream.
The particulates are collected The present invention relates to filter
arrange-  as a filter cake, on the upstream side of the paper ments. More
specifically, it concerns arrangements    filter. for filtering particulate
material from  gas flow    5    A simple filter design such as that
described streams, for example air streams. The invention        above is
subject to at least two major types of also concerns methods for achieving
relatively effi-  problems. First, a relatively simple flaw, i.e. rupture
cient removal of particulate material from gas flow   of the paper, results
in complete failure of the streams.
system, and thus lack of protection of downstream Gas streams often carry
particulate material  io  equipment. Secondly, particulate material will
rap- therein. In many instances, it is desirable to re-    idly build up on
the upstream side of the filter, as a move some or all of the particulate
material from    thin filter cake or layer, eventually substantially the
gas flow  stream. For example, air intake         occluding the filter to
the passage of gas thereth- streams to engines for motorized vehicles or
power    rough. Thus, such a filter would be expected to generation
equipment, gas streams directed to gas   15   have a relatively short
lifetime, if utilized in an turbines, and air streams to various combustion
arrangement involving in the passage of substantial furnaces, often include
particulate material therein.  amounts of gas therethrough, with
substantial The particulate material, should it reach the internal  amounts
of particulate material above the "selected workings of the various
mechanisms involved, can      size" therein; "selected size" in this
context mean- cause substantial damage thereto. It is therefore   20  ing
the size at or above which a particle is stopped preferred, for such
systems, to remove the par-       by, or collects within, the filter.
ticulate material from the gas flow upstream of the       The lifetime, of
course, would be expected to engine, turbine, furnace or other equipment
in-       be related to the surface area of the paper filter, volved.
the rate of gas flow through the system, and the In other instances,
production gases or off gas-   25   concentration of particulates in the
carrier stream. es from  industrial processes may contain par-        For
any given system, the "lifetime" of a filter is ticulate material therein,
for example those gen-     typically defined according to a selected
limiting erated by the process. Before such gases can be,      pressure
drop across the filter. That is, for any or should be, discharged through
various down-        given application, the filter will have reached its
stream equipment and/or to the atmosphere, it may   30  lifetime of
reasonable use when the pressure buil- be desirable to obtain substantial
removal of par-    dup across the filter has reached some defined ticulate
material from those streams.                 level for that application. A
variety of air filter or gas filter arrangements    An alternative design
to that described above is have been developed for particulate removal. For
a pleated paper filter. The arrangement of the filter reasons that will be
apparent from the following   35   paper in a pleated configuration,
generally in- descriptions, improvements have been needed for       creases
the surface area of filter media provided arrangements developed to serve
this purpose.         within a given cross-sectional area or volume of A
general understanding of some of the basic      space. It will also tend to
increase the strength of principles and problems of filter design can be
the system. Thus, the lifetime of the filter is in- understood by
consideration of the following types   40   creased, due to the increase of
surface area for of systems: a paper filter; a pleated paper filter;
entrainment of particulate material thereagainst. and, a constant density
depth filter. Each of these   However, as a thin layer of particulate
material types of systems is known, and each has been          collects on
the upstream surface the filter element, utilized.
the filter will still tend to become occluded. Thus, Consider first a paper
element, comprising a   45  the lifetime of such a filter is still
relatively short, in porous paper filter oriented perpendicularly to a
many applications. In addition, the system is again gas stream  having
particulate material entrained     subject to significant problems should a
minor flaw therein. The filter paper selected will be one per-   or rupture
develop in the paper element. meable to the gas flow, but of sufficiently
fine         It is noted that in many applications, the gas porosity to
inhibit the passage of particles no great-  so  stream  to be filtered can
be expected to have er than a selected size therethrough. A simple,
particulate material of a variety of sizes therein, planar, filter
construction made from such a ma-      and/or the equipment can be expected
to be sub- terial could in operation be oriented completely     jected to
varying gas flow streams with respect to across the gas flow stream, for
example between a     particulate content. Consider, for example, a filter
source of air and an intake manifold for an engine.   55   arrangement
designed for utilization in motorized As the gases pass through the filter
paper, the       vehicles. It will be preferred that the filter arrange-
upstream  side of the filter paper will receive       ments utilized for
such vehicles be capable of thereagainst selected sized particulates in the
gas   filtering out particles ranging from a size of sub- 2    
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to 100 micrometers. For ex-         In many applications, an alternative
type of ample, vehicles utilized in off-road circumstances,  filter,
generally referred to as a "depth" filter, is at construction sites or at
other sites (country roads  available. A typical depth filter is a thick
layer or perhaps) where a lot of dirt is carried in the air, can  web of
fibrous material referred to as "depth me- be expected to encounter gas
streams carrying a   5   dia." Depth media is generally defined in terms of
substantial percent of about 10 to 100 micrometer   its porosity, density
or percent solids content. Typi- material. Most of the air which passes
through the   cally, it is defined in terms of its solids content per air
filter of an over-the-highway truck or automobile,  unit volume, for
example a 2-3%  solidity media when the vehicle does not encounter dust
storms      would be a depth media mat of fibers arranged or construction
sites, generally carries very little  io  such that approximately 2-3% of
the overall volume particulate material above about 5 micrometers in
comprises the fibrous material (solids), the remain- size, but does carry a
substantial portion of sub-   der being air or gas space. Another useful
param- micrometer to 5 micrometer sized materials. A city   eter for
defining depth media is fiber diameter. If bus, on the other hand,
principally encounters only  percent solidity is held constant, but fiber
diameter submicrometer sized carbon particles in the gases   15  is
reduced, pore size reduces; i.e. the filter will passing into the filter
thereof. However, even city  more effectively trap smaller particles. buses
can be expected to at least occasionally          A typical depth media
filter is a deep, relatively encounter air having larger particles therein.
In    constant (or uniform) density, media, i.e. a system general, filters
designed for vehicles should prefer-  in which the solidity of the depth
media remains ably be capable of providing substantial protection   20
substantially constant throughout its thickness. By to the engine for
particles throughout a size range  "substantially constant" in this
context, it is meant of submicrometer to 100 micrometers, regardless
that only relatively minor fluctuations in density, if of what are expected
to be the preponderant work-    any, are found throughout the depth of the
media. ing conditions of any specific vehicle. That is, such  Such
fluctuations, for example, may result from a arrangements should be
developed such that they   25  slight compression of an outer engaged
surface, by do not rapidly occlude, under any of a wide variety  a
container in which the filter is positioned. A of conditions likely to be
encountered during the    problem  with constant or uniform solidity depth
lifetime of the vehicle. Such is true, of course, for  media systems, is
that they are not readily adapted any filter system. However, with respect
to ve-      for efficient filtering under circumstances in which hicles,
the problem is exacerbated by the fact that  30  air or gas flow with
varying populations of particle the vehicle moves from environment to
environ-       sizes are likely to be encountered. If the percent ment, and
thus can be expected to encounter a        solidity of the depth media is
sufficiently high, wide variety of conditions. A "flexible" arrangement
relatively large particles will tend to collect in only is preferred at
least in part, so that one construc-  the outermost or most upstream
portions of the tion of filter can be put to use in a relatively wide  35
media, leading to inefficient utilization of the overall variety of
applications.                             media depth. That is, under such
circumstances Consider again the paper filter and pleated      the
particles of solids (especially larger ones) tend filter arrangements
described above. Filter paper   to "load" on the front end or upstream end
of the (pleated or otherwise) provides on excellent filter  media, and do
not penetrate very deeply. This for gas streams having mostly relatively
small par-  40  leads to premature occlusion or a short lifetime. By ticle
sizes, since filter paper can be prepared with  "premature" in this
context, it is meant that al- very low porosity. However, should the gas
stream   though the depth media volume is large enough for passing through
the filter be originally to contain (or  much greater "loading" of solids,
occlusion re- change to contain) a substantial percentage of par-  suited
because the load was heavily biased toward ticles above the submicrometer
size therein, or a   45  the front end, and resulted in blockage (and pres-
relatively high population density of the submicro-  sure differential
increase). meter particles, the paper filter will relatively rap-  If, on
the other hand, relatively low density idly occlude, i.e. reach its
lifetime through buildup  depth media is utilized, a greater percent of its
of filter cake and generation of limiting differential.  volume will tend
to be loaded or filled by larger Thus, a given filter paper construction
would not be   50   particles, with time. This may occur, for example,
expected to be a very effective system for filtering  through
redistribution as particle agglomerates ini- air under a wide variety of
applications, especially  tially formed in more upstream regions, break up
with expectation of a relatively long lifetime. In   and redistribute
inwardly. Thus, at the "lifetime" or addition, as explained above, paper
filter arrange-  "limiting pressure differential" load would be more ments
do not in general provide good protection, in  55  evenly distributed
through the media depth (al- the event of failure. That is, even a minor
rupture or  though completely uniform distribution is unlikely). tear can
result in a nearly complete system failure.  However, relatively small
particles would be more likely to have passed completely through such a 3
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meant that the inner layer necessarily does collect From the description,
it will be apparent that   more particles, in the construction. It is
merely constant density depth media is not particularly     meant that if
the two layers were tested separately, well suited for circumstances in
which either: the   upon exposure to test streams of dust, the out-
population of particle sizes within the air flow ex-   5   ermost layer of
the two would generally show less tends over a relatively wide range;
and/or, the air  propensity, per unit volume, to trap or load, than filter
is likely to encounter a variety of air streams  the inner layer.
Alternately stated, the innermost of (conditions) presenting therein a
variety of particle  the two layers being compared is constructed and size
distributions.                                  arranged to more
effectively trap smaller particles. Very low density depth media, on the
order of  10    According to the present invention, a preferred about 1-3%,
and more typically about 1-2% solid-     gradient density depth media
arrangement is pro- ity, is sometimes referred to as "high loft" media.
vided upstream from an associated pleated paper Such media has been
utilized as filter media in     filter. Preferably the gradient density
media in- HVAC filters (heat, ventilation, air conditioning).  cludes at
least four regions of different solidity, The term "load" and variants
thereof as used   15  beginning with an outermost or most upstream above
and referred to herein, refers to location of  region of about 1 to 2%
solidity, and increasing up entrainment or entrapment of particles by the
depth  to a highest solidity of at least about 3 to 10%. media filter.
Most preferably the arrangement includes at least As explained above, as
the density (i.e. percent  about 5 to 10 layers. Preferably the arrangement
is solidity) of the depth media is increased, under  20  constructed such
that no layer will collect or load constant load conditions, after use the
filter will  with more than about 60% of the solids "loaded" tend to
include a greater load toward the upstream   on the filter construction or
system, in use. side. Should the load conditions comprise air hav-      In
preferred arrangements, no greater than ing a variety of particle sizes
therein, or should the  about a 30-50%  change in density is provided,
filter need to operate under a variety of conditions   25   between any two
adjacent steps or layers. Also, of use, no single density depth media has,
in the    preferably, except for the outermost stage, i.e. low- past, been
effective as a filter. That is, for any   est solidity stage, no stage or
region comprises given percent solids depth media, the load pattern   more
than about 25%  of the overall volume of will differ depending upon the
particle size distribu-  depth media. This is not meant to suggest that the
tion within the air or gas stream to be filtered.  30   outermost stage
necessarily does comprise more Thus, while the filter depth could be
optimized for  than 25% of the depth media volume, only that it one
particular particle size, it might not be suffi-  may. cient for operation
under a variety of conditions or    In most preferred arrangement,
utilizable as a with gas having a variety of particle sizes therein.
vehicle filter, a cylindrical arrangement is provided What has been needed
has been a filter system    35   which utilizes a five to six layer (of
depth media) adapted for relatively efficient load and a relatively  system
oriented around a central pleated paper long time of effective use, under a
variety of cir-  filter core. The layers of depth media are oriented
cumstances. What has been particularly needed        with a gradient in
density from a most upstream has been a filter which in use can well
tolerate    region of about 1 to 2%  solidity increasing in variances in
particle size distributions, and gas   40   density to an uppermost density
for inner layers of streams passing therethrough; and, which can be
about 5 to 10%, more preferably 5-7%. A preferred readily applied to a
variety of working systems.     such arrangement is described herein below,
in Improvement over the utilization of constant     detail. density depth
media can be obtained through the         Gradient density arrangements
such as those development of a gradient depth media filter sys-  45
previously described are quite useful, particularly in tem; that is, a
system  in which depth media is     specific purpose applications. For
example, they utilized instead of filter paper, but the depth media  may be
used for over the highway trucks or buses, is not provided with a constant
capability to trap   i.e. primarily for on road circumstances. solids
throughout. One such preferred system in-        Gradient density
arrangements are, however, volves depth media wherein the ability to trap
par-  50  somewhat limited in the application. They are not tides
(especially smaller ones) in general increases  extremely flexible since
the gradient, in general, is from an upstream side toward a downstream
side.      developed to accommodate an airflow stream hav- in typical
applications, the ability to trap particles is  ing a particular
(predicted) particle size distribution, increased by providing an
increasing density (per-   or range of particle size distributions,
therein. If the cent solids) gradient. It may also be accomplished   55
conditions of the use of vehicle change consider- through decreasing fiber
size, with depth, or a      ably, the gradient system may not be
appropriately combination of the two techniques. By "increase"
calculated to handle the load, and can prematurely in "ability to trap
particles" in this context it is not  clog. Thus, for example, a gradient
density ar- 4    
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developed for over the highway use         a truck, a pressure drop of
about 4.9-7.5 kPa (20 to may not be appropriate should the vehicle be uti-
30 inches of water) will typically be the limiting lized off-road, or to a
substantial extent on dirt   pressure drop. For an automobile, typically
about roads. Certain preferred constructions of filter ar-  4.9-6.2 kPa (20
to 25 inches of water) will be the rangements according to the present
invention are   6   limiting pressure drop. In industrial ventilation sys-
more flexible with respect to this, as explained     tems, typically about
0.75 kPa (3 inches of water) herein below.
is the limiting pressure drop; and, for gas turbines Therefore, according
to the principles de-       typically about 1.2 kPa (5 inches of water)
will be scribed herein a filter construction is provided     the limiting
pressure drop. In some industries or which has an upstream side and a
downstream   io  applications, limiting pressure drops are set in side, the
filter construction being arranged for air  specifications applicable to
the system, or through flow therethrough from the upstream side to the
regulatory control. The above figures are reported downstream side, to
collect particulates therefrom.  to provide examples only. The filter
construction includes: a paper filter ar-    Above, certain preferred
systems according to rangement oriented substantially adjacent to filter
15  the present invention were described, which utilize construction
downstream side; and, depth media       a gradient of depth media in a
preferred manner. In filter arrangement oriented upstream of the paper
this section, preferred filter arrangements utilizable filter arrangement.
The depth media arrangement      to achieve even greater flexibility in
improved life- preferably comprises at least four layers of depth  time of
operation are described. While these ar- media each of which has a
different percent solidity  20  rangements utilize some of the technology
of gra- from at least three other layers of depth media      dient
arrangements therein, they differ substantially within the depth media
filter arrangement; the at    for reasons indicated herein below. As a
result of least four layers of depth media including a most    the
differences, they are generally more "flexible"; upstream layer of depth
media. The layers of depth  i.e. they generally perform  well over a
broader media within an arrangement should be arranged in  25  range of
conditions, or they may be more readily stages oriented in downstream
progression. None      adapted for use in arrangements of odd configura- of
the layers of depth media, except optionally the  tion. In many instances
they will also be simpler most upstream  layer of depth media, preferably
and/or less expensive to construct. comprises more than about 25% of the
volume of          According to this embodiment of the present depth media
in the depth media filter arrangement.  30  invention there is provided a
filter comprising an Preferably the most upstream layer of depth media
upstream region of substantially constant (or uni- comprises no more than,
and preferably less than     form) density depth media having a percent
solidity 50% by volume of depth media in the depth media      of no greater
than about 3% and preferably 1-2%; filter arrangement. Also, preferably the
most up-    and, a downstream region of gradient density depth stream layer
of depth media is a high loft depth  35   media. For the arrangement,
preferably the region media having a percent solidity of no greater than
of constant density depth media is constructed and about 3% and preferably
1-2%; and, preferably at     arranged for operational loading therein of at
least least a next three downstream  layers of depth       about 65% by
weight (and more preferably at least media from the most upstream layer of
depth me-      about 85%) of retained solids within the filter con- dia
each has a greater percent solidity than a next  40  struction. The term
"retained solids" in this context upstream  layer of depth media; and,
preferably     is meant to refer to the solids loaded within the each has a
percent solidity no more than about       filter during operation. The term
"operational load- 50% greater, preferably no more than about 30%      ing"
is meant to refer to loading of solids (i.e. greater, than a next upstream
layer.                 retention of solids within the filter construction
as a The principles of the present invention were   45  result of the act
of filtering gases such as air). The developed at least in part in order to
provide, in a  term  is not meant to include within its meaning relatively
efficient manner, for an extended lifetime  particulate  material which
passes  completely or relative long lifetime filter arrangement. In gen-
through the filter construction. eral, a filter arrangement has reached its
lifetime,    The region of gradient density depth media is when a limiting
pressure drop across the filter  50   preferably constructed and arranged
for operational media is reached. During use, as particulate ma-    loading
therein of at least 50%  by weight of re- terial loads on the filter, the
filter increasingly re-  tained solids not retained within the upstream re-
sists gas flow thereacross. That is, the pressure    gion, but which are
retained within the filter con- drop across the filter tends to increase.
For any    struction during use. specific application, the "limiting"
pressure drop   55  In preferred constructions, the filter arrange- will be
the point at which the filter needs to be, or  ment is constructed and
arranged such that the should be, changed. For example, if the filter is
ratio of operationally retained solids in the up- being used as an air
filter for an intake manifold of  stream  region of substantially constant
density 5    
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operationally retained solids in the   structed and arranged such that the
weight ratio of downstream region of gradient density depth media
operationally retained solids in the region of con- is at least about 2/1,
more preferably at least 5/1   stant density depth media relative to the
region of and most preferably at least 8/1.                     a gradient
density depth media is at least 2/1, more In certain preferred applications
an outer liner   5   preferably at least 5/1, and most preferably at least
is oriented adjacent an upstream side of the region   8/1. of constant
density depth media, and means are            A paper filter arrangement is
oriented adjacent provided for securing the upstream  side of the       a
downstream side of the region of gradient density region of constant
density depth media to the outer   depth media; and, the filter
construction includes liner. This can inhibit collapse of the low solidity
10  an upstream  liner and a downstream  liner, with constant density depth
media in the upstream re-      selected regions of filter media oriented
there- gion, during use. Advantage is obtained from this,    between. In
certain constructions, a region of con- as explained.
stant density depth media may preferably be ori- The arrangement may be
provided in a variety      ented outside of an upstream liner, i.e.
upstream of of geometric configurations including: a cylindrical   15  an
upstream liner, for advantages described herein. arrangement of circular
cross-section; a cylindrical      According to the present invention there
are arrangement of oval cross-section; and, a flat con-   also provided
preferred methods for filtering par- struction wherein the air passes from
one side        ticulate material from  gas stream  such as air through to
another. A particularly advantages ar-     streams. The methods generally
concern providing rangement for certain applications is an arrange-   20
filter arrangements (or utilizing principles) as de- ment having an oval
cross-section, wherein the        scribed herein in a manner to obtain the
preferred region of gradient density depth media is of cir-     loading of
solids which results, for example for the cular cross-section, but the
region of constant den-  embodiments using a region of constant density
sity depth media is provided with an oval cross-      depth media a
preferred ratio of loading of solids in section. An advantageous such
arrangement is de-   25  the constant density depth media region vs. the
picted herein.                                        gradient density
depth media. For preferred ap- A "polish" filter is provided downstream of
the   plications, as indicated, the method is conducted region of gradient
density depth media. Preferably    such that there is at least about a 2/1,
more prefer- the "polish" filter is a cellulosic fiber or paper filter,
ably at least 5/1 and most preferably at least 8/1 and in a preferred
construction a cylindrical fluted   30  ratio of solids loaded in the
upstream  region of paper element is utilized.
constant density depth media relative to the down- Preferred constructions
according to this em-     stream region of gradient density depth media.
bodiment of the present invention may also be             Therefore,
according to the present invention a defined with respect to: relative
volume of the       preferred method of filtering particulate material
region of constant density depth media to the re-   35  from a gas stream
is provided. The method gen- gion of gradient density depth media; and,
absolute   erally includes the following steps: (1) a step of volume (or
thickness) of the region of constant       collecting at least 65%  by
weight of total par- density depth media and/or region of gradient den-
ticulates collected from the gas stream in the pro- sity depth media.
Specifications with respect to this  cess, in a constant density depth
media having a are provided in the detailed descriptions herein   40
percent solidity of no greater than about 3% and below.
preferably no greater than about 1-2%; (2) a follow- Therefore, according
to the present invention     up or downstream step collecting at least 50%
by there is provided a filter construction comprising an  weight of total
particulates collected from the gas upstream  region of substantially
constant density    stream but not collected during the step of collect-
depth media preferably having a percent solidity of   45  ing in constant
density depth media, in a gradient no greater than about 3% (preferably
1-2%); and, a    density depth media; and, (3) a step of collecting
downstream region of gradient density depth me-       remainder of total
particulates collected in the gas dia. For such an arrangements preferably
the re-      stream with a paper filter, the step of collecting gion of
constant density depth media is construct-    with a paper filter being
conducted after the step of ed and arrangement for operational loading
therein   so   collecting with a gradient density depth media. Of at least
65% by weight of retained solids within   Preferred applications of the
methods described the filter construction; and, the region of gradient
herein, will be apparent from descriptions herein of density depth media is
constructed and arrange-       preferred constructions for utilization in
affecting ment for operational loading therein of at least 50%  the dust
collection. by weight of retained solids not retained within the   55  Fig.
1 is a perspective view of an air filter upstream region, but which are
retained within the    arrangement according to the present invention.
filter construction during use. Preferred construc-       Fig. 2 is a side
elevational view of the arrange- tions according to the above description
are con-     ment shown in Fig. 1, depicted in an environment 6    



11                 EP0553255B1                         12 comprising an air
filter construction for a vehicle; in  by filter construction 2 passes: (a)
into the housing Fig. 2, portions are broken away to illustrate inter-  5
through inlet 6; (b) through the filter construction nal detail.
2; and, (c) outwardly from the arrangement by Fig. 3 is a fragmentary
cross-sectional view     outlet 7. The arrangement 1 is a cylindrical ar-
taken generally along line 3-3, Fig. 2.         5   rangement, utilizing a
cylindrical filter construction Fig. 4 is a perspective view of an
alternate     2. Such systems, but for the specific filter construc-
embodiment of an air filter arrangement according    tion 2 described
herein, are well known and widely to the present invention, Fig. 4 being of
an element  utilized. A variety of techniques for controlling air depicted
somewhat similarly to that shown in Fig.    flow to obtain proper filtering
within arrangements 1.                                            10  such
as that shown in 1 are also well known. In Fig. 5 is a perspective view of
a filter element  addition, a wide variety of seal systems for attach- from
the arrangement depicted in Fig. 4.             ment of such systems to
equipment for use, have Fig. 6 is an enlarged cross-sectional view taken
been developed. generally along line 6-6, Fig. 5.                       A
specific arrangement 10 is illustrated in Fig. Fig. 7 is a schematic view
of an air filter  15  2. Except for features relating to the filter
construc- arrangement according to the present invention and   tion of the
present invention, arrangement 10 of utilized in one of the examples
reported.            Fig. 2 is generally as described in US-A-4,720,292,
Fig. 8 is a schematic view representing a gra-   incorporated herein by
reference. US-A-4,720,292 dient density air filter arrangement.
is owned by the assignee of the present invention. Fig. 9 is a fragmentary,
schematic, cross-sec-   20  Arrangement 10, Fig. 2, generally comprises a
tonal view of a portion of the arrangement shown      housing 12 having air
inlet 13 and outlet 14. The in Fig. 2, depicted with less detail for a more
clear  housing 12 includes end 15 enclosed by cover 16. understanding of
certain principles.                 Cover 16, mounted by means of bolts 17,
can be Fig. 10 is a view analogous to Fig. 3, of an     readily removed for
access to internally received alternate embodiment.
26  filter construction 20. Thus, for example, once ar- Fig. 11 is a view
analogous to Figs 4 and 11, of  rangement 10 has been operated sufficiently
long a gradient density arrangement.                      enough to reach
the limiting pressure differential, As required, the following detailed
description  i.e. its lifetime, cover 16 can be opened to obtain is
provided to facilitate an understanding of the    access to arrangement 20,
for changing of same or principles of the present invention and their ap-
30  for cleaning (whichever is preferred). plication. The invention, as
presented herein and       Arrangement 10 includes an outlet collar 25
shown in the referenced drawings, is depicted in    received within the
housing outlet 14. A radial seal certain specific example exemplary
embodiments.      at 26 provides for effective sealing to ensure that It
will be understood that the principles of the    air passing into housing
12 must pass through filter present invention may be employed in a variety
of  35  construction 20, before escaping from the housing contexts, and in
a variety of specific embodiments.  10 along the path of arrows 27. Radial
seals such In the drawings, relative material thicknesses and   as seal 26
are in general the subject matter of US- component sizes may be shown
exaggerated, to         A-4,720,292, referred to above. In Fig. 2 such an
facilitate understanding.                            arrangement is
depicted merely to indicate that a The present invention will, in general
be de-   40  filter construction such as construction 20 accord- scribed in
a specific application as a vehicle engine  ing to the present invention
may be adapted for air filter. Filter arrangements according to present
utilization with such preferred radial seal arrange- invention may be
applied in a variety of systems,    ments, if desired. They may also be
used in axial including not only as engine filters for moving      seal
arrangements. vehicles, but as engine filters for other purposes,  45
Still referring to Fig. 2, it will be apparent that and in general as air
or gas filters. The term "gas"  housing 12 and inlet 13 are adapted in size
such as used herein will be generally meant to refer to  that an annular
space 30 is formed between a air streams as well as other gaseous streams.
housing outer wall 31 and an outer wall 35 of the The reference numeral 1,
Fig. 1, generally de-   filter construction 20. Preferably annular space 30
picts a gas (air) filter arrangement for a vehicle or  50  extends
completely around filter construction 20 the like, involving a filter
construction 2 according  (Fig. 3), to provide for relatively even air flow
to the present invention. It is the filter construction  distribution along
the cylindrical outer wall 35 of the 2 which results in a removal of
particulate material  construction 20. This will facilitate relatively even
in air flowing through air filter arrangement 1.     loading of particulate
material throughout the cir- In Fig. 1, the filter construction 2 is shown
55  cumferential extent of arrangement 20. The effect positioned within a
generally cylindrical housing    is a relatively long lifetime. illustrated
in phantom at 5. The housing 5 includes     Still referring to Fig. 2, the
arrangement 10, an inlet 6 and a central outlet 7. Air to be filtered  and
in particular filter construction 20, is of a cylin- 7    
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is, arrangement 20 defines an         Referring again to Fig. 2, as
previously in- internal, cylindrical, bore or region 40, toward which
dicated filter construction 20 includes immediately air (gas) to be
filtered is passed, for example along  adjacent and upstream from stage 1
(at 51 com- the path identified by arrows 41. In passing from    prising
depth media 55) an outer or upstream sup- - region 30 to bore 40, then, the
air must pass   6   port liner 50. Liner 50 is preferably prepared from a
through filter construction 20. Particulate material,  porous, relatively
rigid, material not likely to col- in general, will be entrapped within
filter construc-  lapse inwardly, i.e. in a downstream direction, un- tion
20; thus air passing outwardly from bore 40,    der typical operating
pressures and conditions for along the path indicated by arrows 27, will
have     arrangement 10. Preferably liner 50 comprises a * been filtered.
10  cylindrical piece of sheet metal 60 having a plural- The preferred
filter construction 20 illustrated in  ity of pores or apertures 61 (Fig.
1) therein, allow- the embodiment of Fig. 2 and according to a pre-    ing
for passage of air therethrough. In the alter- ferred embodiment of the
present invention in-       native, a plastic material, such as relatively
rigid cludes the following components: an outer liner 50;  polypropylene or
polyethylene plastic may be uti- a stage 1 region (at 51) of depth media; a
stage 2   15  lized. region (at 52) of depth media; a stage 3 region (at
The outer or most upstream liner 50 can be 53) comprising a pleated paper
cylindrical filter;   utilized to serve a plurality of purposes. The two
and, an internal liner 54. This arrangement leads to  principal ones
concern maintenance of integrity of substantial advantage, especially with
respect to   filter construction 20 during handling and assem- loading and
lifetime, as explained herein below.  20  bly, and, if desired, inhibition
to collapse of the The outermost, or most upstream, zone or          depth
media 55 in stage 1, at 51, during operation stage 51 comprises a dust
storage or loading zone.   (use). The former, it will be understood,
results Preferably, filter construction 20 is constructed    from the fact
that liner 50 encloses the depth such that in normal use, and prior to or
by the end  media 55, so that when filter construction 20 is of the filter
element useful lifetime, at least about  25   handled, the fibrous material
of depth media 55 65% and more preferably at least about 85%, by
remains contained. The latter concerns a unique weight, of all solids
"loaded" on the filter construc-  feature of certain versions of filter
construction 20, tion 20 will be "loaded", i.e. contained or retained,
that will be understood from the following descrip- within that stage (51).
For this to be obtained,     tions. under a relatively wide variety of use
conditions,  30  As explained previously, preferably depth me- preferably
stage 1 comprises a relatively high loft  dia 55 in the stage 1 region, at
51, is a high loft or low solidity depth media 55. That is, preferably
material, i.e. a relatively low solids density material. stage 1, at 51,
has a solidity of about 1-3%, more  In some applications, such material can
collapse as preferably less than about 2%. Also, preferably the  it becomes
loaded with large amounts of relatively depth media 55 utilized in the dust
loading or   35  large particulates. Under such collapse, the rela-
outermost zone of stage 1, at 51, is of a substan-  tively high loft or low
density character of the tially constant solidity throughout its depth, and
is  material would be partly lost, leading to less effi- maintained as such
throughout its use, i.e. is not   ciency of solids storage in the
construction 20. To substantially collapsed in use. By "substantially
counteract such a likelihood, for those applications constant" in this
context, it is meant that preferably  40  in which collapse is foreseen to
be a problem, the within stage 1 there is no more than about a 20%
depth media 55, in stage 1 (at 51) is affixed or variation in the density
of the depth media 55       adhered to outer liner 50. This can be accom-
throughout its depth of extension within construc-   plished, for example,
through the utilization of a tion 20. More preferably, there is less than
10%    thin layer of high tack adhesive, for example as variation, and the
variation which occurs is only  45  shown at 62. The layer of adhesive 62
may be of along outermost and innermost edges where other      any of a
variety of types suitable to achieve affix- materials (for example outer
liner 50) are encoun-   ation of the depth media 55 to liner 50, for exam-
tered, and some minor compression may occur.         ple, by contact
therewith. In this manner, the outer Preferably the material selected for
use as      liner 50 will tend to inhibit collapse of depth media depth
media 55 is a web of material having fiber  50  55, under pressure. That
is, liner 50 will operate as sizes in about the 20-45 micrometer range.
Such      an upstream support for the depth media 55 in materials can be
readily obtained from commercial    stage 1 at 51. sources. One such
material is a 1.5% solidity high      Still referring to Fig. 2, stage 2
(at 52) will loft media of polyester fibers having 2 fiber types  generally
be referred to herein as an intermediate therein, one of diameter 27-30
micrometers and the   55  zone. The intermediate zone 52 of filter material
in other of diameter about 39-43 micrometers, sold by   filter
constructions 20 according to the present Cumulus Fibers, Inc., of
Charlotte, North Carolina,  invention is generally formed from a material
suffi- 28208, as product designation 100W067.               cient to
capture a substantial portion of remaining 8    
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material, of a size intended to be en-   desirable to provide for a
"polish" filter or safety trapped by filter construction 20, other than the
filter within, or downstream of, stage 2. Such an material intended to be
trapped within the stage 1   arrangement can be utilized to protect the
outflow zone 51. In a typical preferred application, stage 2  stream 27,
Fig. 2, from inclusion therein of any is constructed to allow no more than
about 6 or 7%    5   broken fibers or similar material from depth media of
the total solids passing into filter construction 20,  70, and also to trap
any particulate material above to pass therethrough. In many preferred
applica-    the acceptable design limits for the airstream 27, tions, the
region can be constructed to allow con-  that may have made its way through
stage 1 at 51 siderably less of the solids therethrough. In gen-   and
stage 2 at 52. In general, an excellent material eral, for preferred
applications in which the stage 1   l0  for utilization as the "polish"
filter, indicated as media is utilized to trap at least 85% of the solids
stage 3 at 53 in Fig. 2, is a paper filter 75. In such load of the filter
construction 20, stage 2 is con-  an application, the paper filter 75 will
not be likely structed and arranged to retain (load) at least 50%  to
prematurely occlude or lead to relatively short and preferably at least
about 70% of the remain-    lifetime for the filter construction 20, since
it will be der.                                            15  responsible
for catching only a relatively small Preferably, the stage 2 zone, at 52,
is con-     amount particulate material, the majority of par- structed as a
gradient depth media, with a density  ticulate material in the gas stream
having been gradient from its outer or most upstream surface     trapped or
loaded in depth media of stage 1 at 51, 65 in the direction of its inner or
most downstream  and stage 2 at 52. One advantage to the arrange- surface
66. Preferably the region comprises depth   20   ment is that failure of
the paper filter is less likely media having a lowest solidity, toward the
outer    to pose a substantial problem, than for conventional surface 65,
of about 1-2%; and, increasing in den-   systems, since most of the solids
are retained sity up to a highest density of at least about 2-5%,  within
the depth media. near its innermost or most downstream surface 66.       In
Fig. 3, a cross-sectional view of a portion of Such a gradient, for
example, can be obtained by   25   Fig. 2, a preferred construction for
paper filter 75 is wrapping multiple layers of different density media,
illustrated. Preferably, paper filter 75 is a pleated within region 52. In
the alternative, or in combina-  paper filter 80 (Fig. 3). That is, for the
embodiment tion, a single density depth media could be          shown it is
a cylindrical arrangement formed from wrapped in layers under different
tension (com-      paper organized in continuous pleast 81, Fig. 3. For
pression), to achieve a similar effect.        30  applications of the
present invention as a vehicle A wide variety of materials may be selected
for  filter, especially organized with the generally cylin- use as the
depth media in the stage 2 region at 52.  drical configuration as
illustrated in Figs. 2 and 3, it An example would be to utilize a
construction in-   is anticipated that the paper filter 75 will be formed
volving 3 layers, the innermost (or most down-       with pleats of about
0.63 to 1.59 centimeters (1/4 to stream) two comprising polyester fibers of
about  35  5/8 inch) depth. Further, for such applications it is 145
micrometers average thickness, solidity about   foreseen that paper filter
material having a per- 1.5-1.8%  free state, such as the product 8643
meability of about 15.2 to 18.3 meters per minute available from  Kem-Wove,
Inc., Charlotte, North    (50-60 feet per minute) (per ASTM D737-75 test
Carolina 28241; the outermost (or most upstream)     standard) will be
preferred, for the paper filter 75. A layer of material comprising 119
grams (4.2 oz.)  40  variety of such materials are known, including resin
polyester having the solidity (free state) of about  impregnated cellulosic
filter media commercially 0.8-1.4% (also available from Kem-Wove). The ma-
available from Hollingsworth and Vose, East Wal- terials would be installed
(collapsed) so that the   pole, Mass. and Ahlstrom Filtration, Chattanooga,
more upstream layer of the "8643" layers would       Tenn. have a solidity
of about 1.5-2.0%, the next inner  45   Referring to Figs. 2 and 3, for the
arrangement layer of "8643" would have a solidity of about 2-   shown there
is no requirement for the pleated 3%; and, the outermost layer of 119 grams
(4.2       paper filter 75 to be bonded to the depth media 70 oz.)
polyester would have a solidity of about 1.2-  in stage 2, at 52. It is
foreseen that in typical 1.5%. This can be accomplished, again, by appro-
applications, there will be no such bonding at that priate compression of
each layer.               50  interface. The construction thus far
detailed, with: outer      For the arrangement shown in Figs. 2 and 3,
liner 50; stage 1 at 51 as described; and, stage 2 at  the downstream or
internal liner 54 is positioned 52 as described, will generally be
sufficient to    immediately inside of, or downstream from, the provide for
entrapment of substantially at least     paper filter 75. Internal liner
54, shown with a 90%-95%, by weight, of all particulate material  65
generally cylindrical configuration in Fig. 2, pro- necessary and desired
to be trapped or operation-    vides support toward the inside (or
downstream ally loaded within filter construction 20 during use.  side) for
filter construction 20, and in particular It is foreseen that in typical
applications, it will be  support for paper filter 75 against undesired
col- 9    



17                EP 0 553 255 B1                     18 lapse during
handling and use. Preferably internal  26, with outlet collar 25, as
described below. liner 54 is formed from a relatively rigid material    For
the particular embodiment described here- such as sheet metal or plastic,
substantially (or  in, end cap 105 comprises a polymeric material
appropriately) porous to allow for substantially free  positioned in
extension over depth media 55 of passage of gases therethrough during use.
Refer-   5   stage 1 (at 51) and depth media 70 of stage 2 (at ring to Fig.
2, for the preferred embodiment de-      52). However, also for the
preferred embodiment scribed and shown, internal liner 54 comprises a
shown, pleated paper filter 75 terminates at 110 sheet metal cylinder
having a plurality of pores 85  and does not extend as far upwardly (in
Figs. 2 and therein.                                           9). Thus,
paper filter 75 may not extend as deeply For the cylindrical configuration
of a filter con-  10  into end cap 105, if at all, toward surface 105a as
struction 20 depicted in the embodiment of Fig. 2,  do media 55 and 70.
This provides an advantage, and utilizing a radial seal 26 in the manner
shown,  described herein below. a preferred end cap arrangement is used, to
facili-    Still referring to Fig. 2, end cap 105 includes, tate desired
air flow. It will be understood from the  received or embedded therein, a
portion 107 of following descriptions of the end cap arrangement,  15
outer liner 50, and a portion 108 of inner liner 54. that advantage can be
taken from the multilayer     Portion 107 is positioned in extension above
paper (i.e. stage 1, stage 2 and stage 3) configuration in  filter 75, as a
result of internal bend 111 in liner 54. arrangements according to the
present invention, in  Since both liners, 50 and 54, are imbedded in both
order to achieve a greater or advantageous utiliza-  end caps, 95 and 105,
a strong, easily handled, tion of filter arrangement (or housing) internal
vol-  20  enclosed, system is provided. ume. Details regarding this are
provided herein        Preferably, at least portion 120 of end cap 105,
below.                                             extending inwardly
toward outlet collar 25 from Still referring to Fig. 2, construction 20
includes  internal liner 54, is a collar of relatively soft com- first and
second opposite ends 90 and 91. End 90    pressible material such as
polyurethane foam or is the end positioned immediately adjacent outlet  25
the like, readily compressible between collar 25 14 for housing 12. End 91
is the opposite end,     and liner 54 to develop radial seal 26. Such a
seal positioned adjacent cover 16.                      may be generally as
described in US-A-4,720,292. End cap 95 is positioned at end 91. End cap
It may be a composite. 95 comprises a covering over end 91, to prevent
The arrangement with respect to end cap 105, passage of air therethrough.
That is, in general end   30  especially with respect to termination of
portion cap 95 prevents air from reaching internal bore 40  110 of paper
filter element 75 differs substantially without passage through filter
stages 51, 52 and 53  from the arrangement of US-A-4,720,292. Advan- of
filter construction 20. In a typical application, end  tage results from
the differences. With respect to cap 95 will comprise a covering of a cured
poly-   this, attention is directed to Fig. 9. Fig. 9 is a meric resin
material or the like, completely enclos-  35  schematic illustrating
portions of Fig. 2 relating to ing cylindrical ends 96 of stages 51, 52 and
53 of  this feature of the invention, for clarity of descrip- filter
construction 20; enclosing adjacent portions of  tion. liners 50 and 54;
and, also, enclosing end 97 of       For the arrangement shown in
US-A-4,720,292, bore 40. Preferably end cap 95 includes an outer   the
filter paper element was not associated with surface 99 having a projection
100 thereon, di-  40  depth media, and the element extended to a point
rected toward and into engagement with cover 16.   which, for the
arrangement illustrated in Fig. 2 and By lightly compressing projection 100
between end  9, would be adjacent the housing 12 near end cap cap 95 and
cover 16, a secure mounting and          105. For the presently described
arrangement, Fig. retainment of the filter construction 20 in position  9,
such an extension is not required. Rather, the can be achieved. This, in
general, is analogous to  45  end cap 105 extends downwardly toward paper
the end cap system described in US-A-4,720,292,    filter element 75 near
bend 111. referenced above.                                      This
arrangement leads to advantage. In prior End 90 of filter construction 20
is enclosed by  arrangements such as that of US-A-4,720,292, an end cap 105
(Figs. 3 and 9). For preferred embodi-  extension of paper filter element
within volume 125, ments, and unlike end cap 95, end cap 105 does   50
Fig. 9 i.e. immediately "beneath" portion 120 of not enclose the associated
section of bore 40.     end cap 105 has not been feasible. This is be-
Rather, end cap 105 is ring shaped, with a central  cause: (1) there needed
to be left sufficient room bore, and encloses an outer cylindrical end 90
of  for compression of compressible collar portion 120, filter construction
20, in order to prevent air from  adjacent the inner liner, for a tight
radial seal; and, passing into bore 40 without passage through filter  55
(2) because the filter paper needed to extend to elements at stage 1, stage
2 and stage 3 of filter  region 105a. The present multilayered system,
construction 20. End cap 105 defines an internal   however, allows for
utilization of a paper element radial surface 106 which is used to form
radial seal  which does not extend into region 105a, and thus 10    
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element can be oriented to encom-   material should represent no greater
than about pass volume 125. A result is that the present        40% of the
overall volume of stage 1 material and arrangement can take greater
advantage of, or        stage 2 material added together. In general, such
make more efficient use of, space within a given     an arrangement for
filter constructions as described housing 12, for filtering. It is noted
that for the    5   herein and generally prepared for utilization with a
specific arrangement illustrated in Figs. 2 and 9,   wide variety of
particle sizes, for example as ve- extension of filter element 75 into
volume 125 is    hicle filters, will be effective in achieving the pre-
facilitated by the bend 111 provided in internal liner  ferred load
described herein, at limiting differential. 54.
This is advantageous, since it helps ensure that the Thus far, stages 1 and
2, regions 51 and 52 for   10  limiting pressure differential will be
achieved after the embodiment shown in Fig. 2, for a filter con-    rather
an extended period of time, since load will struction according to the
present invention have    be efficiently distributed through the system,
and generally been defined with respect to the percent   will not generate
premature increase in pressure. It of total "loaded" solids or particulates
at lifetime for  is also believed that with commercially available the
filter arrangement, which would be found in  is  depth media materials,
relative volumes as de- each of the two regions. That is, the high loft
region  scribed reflect a cost effective way of achieving (stage 1) has
been defined in general as being       effective filtering. prepared from
high loft material with sufficient        To this point, filter
constructions according to thickness to result in retention of at least
about   the present invention have in general been char- 65% or more
preferably at least about 85% of all  20   acterized at least: by
construction in a manner to retained solids in the system, at the system's
life-  achieve preferred load, in certain regions or stages time; and, the
gradient region, stage 2, has been    of the arrangement; and, with respect
to approxi- defined as being prepared from the depth media       mate total
and relative volume of filter taken up by having a gradient involving
preferably about 1 to    materials in the various stages. It will be under-
5%  solidity, and as being of sufficient depth to  25  stood from the
following discussions that these retain a substantial portion (at least
50%) of the   principles can be applied in a variety of manners, remaining
solids therein at lifetime, i.e. typically at  to a variety of filter
constructions and configura- least about 8-17%  of total solids retained.
Again,  tions, to achieve significant advantage. stage 3, the "polish"
filter (while it is anticipated    The arrangement illustrated in Figs. 1,
2, 3 and that at lifetime will have retained thereagainst some   30   9 has
a generally circular cross-section, Fig. 3. small amount of solids) is in
general intended to be  With such an arrangement, an alternative manner
provided such that only a very small amount of       of defining
construction of stage 1 and 2, is with solids, as a percent by weight of
total retained or  respect to the average depth of the media in those
loaded solids, is found thereat, i.e. preferably less  two stages. This, in
general, follows from the char- than 7%  and most preferably less than 1%
by   35   acterizations above, and shown in Fig. 2, reflecting weight.
Preferably the ratio of retained solids in   that the filter construction
depicted has a generally stage 1 to stage 2, for preferred systems, is at
circular cross-section, with the various layers of the least 2/1, more
preferably at least about 5/1, and   filter construction being cylindrical
and of generally most preferably at least about 8/1.
uniform depth. An alternate method of characterizing the var-  40   Such
arrangements are particularly well adapt- ious stages in a filter
construction according to the  ed for provision of filter constructions
according to present invention is by reference to the overall     the
present invention within conventional cylindrical volume, of the total
filter construction depth media  housings, for example as vehicle filters.
With such volume, occupied by the various stages or regions.
arrangements, preferred constructions according to It will be understood
that in general the total filter  45  the present invention can be defined,
again, in construction depth media volume available for load-  terms of the
thickness of depth media in the var- ing of solids, is the volume
represented by the      ious stages. For cylindrical vehicle filters such
as stage 1 high loft material and the stage 2 gradient  depicted in Figs.
1, 2 and 3, it is foreseen that material, added together. It is foreseen
that, in    preferred constructions will involve high loft media general,
with high loft material as defined herein   50  in stage 1 having a
thickness of at least about and gradient density depth media for stage 2 as
50%, preferably at least 60%, mare preferably described herein, for
preferred applications the     about 70% and most preferably at least about
80% present invention the high loft material, i.e. stage 1  of the overall
thickness of the two layers; the stage material, should occupy at least
about 60%, prefer-  2 depth media comprising the remaining depth ably more
than 70%, and most preferably at least  55   media volume. For a typical
cylindrical system about 80%  of the overall volume represented by
such as that shown in Figs. 1, 2 and 3, and made the stage 1 material and
stage 2 material added      from materials having percent solidity as
described together. It follows that most preferably the stage 2  herein
above, a thickness of about 2.5 to 3.5 cm for 11    
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media, and about 0.5 to 1.5 cm for the   configuration to the arrangement
shown in Figs. 4, stage 2 media, would generally be sufficient and     5
and 6, i.e. it presents an oval cross section taken desirable for effective
filtering, especially in vehicle  in a direction substantially co-planar
with a flow filters.                                             path of
gas thereagainst or therethrough, during The principles of tee present
invention can be   5   use. This presents a generally long, narrow, side
applied to filter constructions having a variety of   elevation from a
first view and a long, wide, eleva- configurations, as opposed to the
cylindrical con-  tion from a view at right angles to the first view. An
figuration of Figs. 1, 2 and 3. For example, a       air filter having such
a configuration may be ad- substantially flat, or nearly flat configuration
could  vantageous for positioning within an overall system be utilized with
the stage 1 depth media upstream    10  having limited volume and
presenting the shape of and the stage 2 depth media immediately down-
a rectangular volume, for example portions of the stream. Such an
arrangement might, for example,      engine compartment of certain
vehicles. be utilized as an industrial air filter on an air con-  Referring
to Figs. 5 and 6. air filter construction ditioning system or the like. It
may also be usable  150 includes: an outer liner 160; a next inner stage as
a vehicle air filter, in a system configured for  15   1 filter region at
161; a next inner stage 2 filter utilization of such an arrangement.
region at 162; a next inner stage 3 filter region at In general, for
non-cylindrical configurations,  163; inner liner 164; end cap 166; and,
end cap the above described principles would apply. In       167.
particular, the arrangement would preferably be         Referring to Fig.
5, as previously indicated constructed with the depth media in each of
stage   20  outlet 153 for the arrangement shown in Figs. 4, 5 1 and stage
2 being generally as described above,   and 6 is generally circular. Such
an arrangement is and selected for operation as described above. In
preferably configured through utilization of an asso- particular, a
construction similarly defined with re-  ciated circular (in cross-section)
porous inner liner spect to: percent of solids load; nature of the depth
164. Referring to Fig. 6, immediately outwardly, or media of the two
stages; overall preferred volume   25   upstream, from circular inner liner
164 is the stage of depth media in each of the two stages; and, for   3
filter, at 163, preferably also circular in cross- systems of uniform
depth, overall depth for the two  section, i.e. a cylindrical, pleated
paper filter 170. regions as described, would generally be preferred
Immediately outwardly or upstream from paper fil- and operable.
ter 170 is the stage 2 filter material at 162, prefer- Certain unique
advantages in application of the   30  ably comprising a gradient density
depth media principles of the present invention (as thus far    configured
in a generally cylindrical form, i.e. with a described) will be apparent
from an evaluation of    circular cross-section, as indicated at 173. Imme-
the non-cylindrical embodiment of Figs. 4, 5 and 6.  diately outwardly
from, i.e. upstream from, cylin- in Fig. 4 a schematic, perspective, view
of an air   drical gradient density depth media 173, is the filter system
145 is depicted in sufficient detail for  35  stage 1 material at 161,
preferably comprising con- a general understanding of the advantages
referen-   stant density high loft depth media as indicated at ced above.
The system 145 comprises a vehicle        175. As is understood by
reviewing Fig. 6, media air filter system 146 having an air filter
construction  175 is oriented to provide for the generally oval 150 therein
through which air passes, for filtering,  configuration, (rather a
cylindrical configuration). during use. It is noted that air filter
construction 150   40  Immediately externally, or upstream from, media is
generally oval in configuration, from top plan (or  175 is the outer liner
160, also configured to ac- cross-sectional) view, and thus would typically
be   commodate the oval shape provided by media 175. enclosed within an
oval housing 151, depicted in     The high loft media 175 may be affixed or
adhered phantom. An air inlet for housing 151 is depicted    to the liner
160. generally at 152. Outlet 153 allows for escape of   45  From review of
Fig. 6, it will be apparent that filtered air. Outlet 153 for the
arrangement shown in  the elements of air filter construction 150 are gen-
Fig. 4, is generally circular, and thus a radial seal  erally circular as
indicated for the embodiment (at can be provided along region 155 in
conjunction      20) of Figs. 1, 2 and 3, but for: the configuration with
portions of an outlet arrangement, not shown.   provided by filter material
in stage 1 at 161; and, Such a system  can be, for example, similar to  50
the accommodating shape of the outer liner 160. collar 25 for the
arrangement shown in Fig. 2.          In preferred embodiments, material in
stages 1, Housing 151 includes a slight outward bulge in       2 and 3 may
be as generally described previously. central region 156, to facilitate air
distribution there-  That is, preferably stage 1 media is constructed in
with efficient utilization of overall housing vol-  and arranged such that
at least about 65%, prefer- ume.
55  ably at least 85%, of solids loaded upon air filter A major difference
between the construction      construction arrangement 150, when lifetime
is shown in Fig. 4, and the construction shown in      reached, are loaded
in the stage 1 region; and, Figs. 1, 2 and 3, is the overall oval
cross-sectional  preferably the arrangement is constructed and ar- 12    
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substantial portion the remaining  region 161. loaded solids (preferably at
least 50%) are found,    In most other manners, the arrangement of at the
lifetime of the arrangement, in stage 2 at   Figs. 4, 5 and 6 may be
generally similar to that 162. In addition, preferably the stage 3 material
illustrated in Figs. 1, 2 and 3, especially with re- 163 operates as a
polishing, protective, final filter.   5   spect to the nature of end caps
166 and 167, but Also, in general, preferably the material in stage 1  for
the overall oval configuration; and, with respect at 161 is a high loft
depth media generally as     to not directing the inner paper filter 170
too far previously described with respect to the embodi-   upwardly into
the outlet end cap 167 toward sur- ments of Figs. 1, 2 and 3, and the stage
2 depth   face 185, thereby making a more efficient utiliza- media at 162
is preferably a gradient density depth  io  tion of internal volume. media
as described for stage 2 of the embodiment      In one manner, the
arrangement of Figs. 4, 5 represented in Figs. 1, 2 and 3.
and 6 may differ from the arrangement of Figs. 1, 2 Also, for preferred
embodiments, preferably the  and 3 in a minor aspect. Because side regions
180 relative volume taken up by stages 1 and 2 for the  and 181, of high
loft material, are so thin relative to embodiment shown in Fig. 6 is
generally analogous   15  thicker regions 182 and 183, it may be difficult
to to that of the embodiment represented in Figs. 1, 2  form  the
arrangement of Fig. 6 without some and 3. That is, preferably of the total
volume repre-  stretching of the high loft material in regions 180 sented
by stages 1 and 2, stage 1 comprises no     and 181, i.e. without some
collapse of depth media less than 50%, preferably at least about 60%, more
therein to a greater percent solidity. It is foreseen preferably about 70%,
and most preferably about  20  that in preferred embodiments it will be
desirable 80% of the volume, with the material in stage 2    to minimize
such collapse, however, available man- comprising the remainder of the
volume. This, it    ufacturing techniques may not allow for ready con- will
be understood by reference to Fig. 6, generally  struction without some
stretching and collapse results in the stage 1 region 161 having relatively
thereat. Thus, in regions 180 and 181 the media of "shallow" opposite side
regions 180 and 181; and,  25  stage 1 may not be constant solidity by
compari- relatively "deep" opposite end regions 182 and     son with the
major percent of media in stage 1. 183.
An alternate application of the principles de- Arrangements as illustrated
in Fig. 6 have been  scribed herein is presented by Fig. 10. Fig. 10 is a
constructed for evaluation. Surprisingly, it has been  schematic
representation, and may comprise an found that such systems operate with
substantially  so  element generally analogous to that described with the
same lifetime as similarly constructed, but cir-  respect to Fig. 3. It is
intended to reflect, however, cular, systems such as those depicted in
Figs. 1, 2  a different construction for the most upstream, or and 3. In
other words, it was not found that the   outermost, region of constant
density depth media, relatively thin portions of depth media in stage 1 at
i.e. high loft depth media. regions 180 and 181 result in premature
increase   35  More specifically, as previously explained most in pressure
differential, i.e. an early achievement of  of the solids load will occur
in the high loft region. filter lifetime, prior to efficient utilization of
the  In some preferred embodiments, therefore, the fil- relatively thick
regions at 182 and 183 for particle  ter member may be constructed as
illustrated in load. While no particular theory with respect to this  Fig.
10 so that as portions of the high loft depth observation is asserted
herein, it may be that an   40   media become prematurely occluded, they
can be arrangement as illustrated in Fig. 6 allows for suffi-  replaced
while leaving the remainder of the filter cient redirection of air through
the thick portions  construction in tact. 182 and 182, as the thin portions
180 and 181          Referring more specifically to Fig. 10, filter become
occluded, to accommodate relatively long    arrangement 190 includes inner
liner 191, fluted lifetime and efficient loading. The observed loading   45
paper filter element 192, gradient density region is highly advantageous,
again, as it means that an  193, high loft uniform density region 194,
outer efficient, relatively long lifetime, system  can be  liner 195, and
yet a further outer layer of high loft constructed without a circular outer
configuration.  uniformed density material 196. Added together, This can
lead to advantageous use of space, since  regions 194 and 196 should be
constructed to the oval configuration may be fit into some engine   50
operate analogously the to stage 1 region for the regions or compartments
too narrow to accom-       arrangement of Fig. 2. In use, the outer most
layer modate a circular construction. It is noted that,  196 of high loft
density material can be removed or again, the arrangement of Fig. 6 can
readily be    replaced without affecting construction of materials viewed
as involving the same volume of stage 1     within liner 195. Alternately
phrased, outer layer material at 161, as the volume of stage 1 material  55
196 is a "wrap" around an outside of the construc- for the embodiment of
Figs. 1, 2 and 3; the dif-   tion retained by liner 195. Materials utilized
within ference in Fig. 6 being the location (geometric    the various
layers may be as previously described. arrangement) of the volume of depth
media in        The end caps may be as previously described, 13    
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not have embedded therein the      Attention is directed to Fig. 11, which
through "wrap" 196.                                       utilization of a
cross-section of use similar to that Thus far, in the detailed description
the inven-  presented for Figs. 3 and 10, reflects a preferred tion, the
arrangements described involved a region  gradient arrangement. In Fig. 11,
a fragmentary of uniform density depth media (at least 50% and   5
cross-sectional view of a cylindrical filter arrange- preferably at least
about 60% by volume) as an     ment 200 is provided. The arrangement 200
in- outer layer to a region of gradient density depth  cludes a porous
outer liner 201; a volume of depth media. In general, herein such
arrangements will  media 202; a pleated paper polish filter 203 imme- be
characterized as involving an outermost region  diately inside of, or
downstream of, volume 202; of uniform density depth media that comprises
10  and, inner liner 204. greater than 50% of the overall volume of depth
The arrangement illustrated in Fig. 11 utilizes media and which in use
retains at least about 65%  six stages of media in volume 202, indicated
from of retained solids within the overall construction.  our most upstream
to most downstream stage at, Such arrangements, especially if prepared and
respectively, 210, 211, 212, 213, 214 and 215. configured as described
herein above, provide ad-  15  Preferably each of the stages present in
region vantageous general purpose filter systems. For ex-  202 can be
characterized as follows: no stage or ample, a vehicle air filter
constructed and arranged  region of a given density represents more than as
explained above could be utilized not only in  50% of the volume of region
202; the outermost over the highway use, but also for substantial    region
210 is provided with a lowest percent solid- periods of time on dirt roads,
at construction sites,  20  ity; except for the outermost region 210, no
stage in dust storms, etc.                              or region comprises
greater than 25% of the over- It is foreseen that an advantageous filter
ar-  all volume represented at 202 and comprising the rangement can be
developed, for certain uses,     depth media. Preferably at least four, and
most wherein the outermost or most upstream region of  preferably all, of
stages 210-215 reflect increasing uniform density material comprises a
substantially  25  steps of density or ability to trap material, moving
smaller portion of the overall depth media volume.  from an upstream side
to a most downstream side. This will require, however, a change in the
relative  Preferably, no greater than about 30-50% change natures of the
layers in the gradient region. Now  in density is provided, between any two
adjacent specifically, in such situations, the overall depth  steps or
layers. media should be staged with at least 4 and prefer-  30  In a
preferred arrangement, the regions begin ably at least 5 or 6 steps of
density moving from  with the density of about 1-2%  in region 210, an
upstream  portion to a downstream  portion.    increasing in density to an
uppermost density of Herein such an arrangements will generally be re-
about 5-10%, preferably 5-7%. ferred to as overall gradient arrangements,
distin-  A preferred such arrangement for utilization as guishing them from
the arrangements described in  35  a vehicle filter is as follows:
outermost region 210 the previous section, i.e. using a large percentage
comprises material 100W067 previously described, of depth media volume for
a uniform density ma-   having a thickness of 1.28 cm and a percent solid-
terial.                                           ity of 1.10%; region 211
comprises material Gradient arrangements such as the preferred    100W067
provided at a compressed thickness of arrangements described herein, will
not be as suit-  40  0.952 cm, and a percent solidity of 1.40%; region able
for wide use as those involving a large volume  212 comprises material
100W067 having a thick- of high loft uniform density material on an up-
ness of 0.826 cm and a percent solidity of 1.65%; stream side. Reasons for
this have previously been  region 213 comprises material 100W067 provided
explained, and generally involve the fact that while  at a thickness of
0.58 cm and a percent solidity of gradient arrangements may be well suited
and cal-  45  2.40%; region 214 comprises media 7333 available culated for
use with flow streams having a particu-  from Hollingsworth and Vose, East
Walpole, Mass. lar particle size distribution therein, they may not  and
comprising polyester fibers of 24 micrometer be suitable for general
purpose use where occa-   average diameter, provided at a thickness of
0.147 sionally large amounts of relatively large particle  cm and a percent
solidity of 6.59%; and, region sizes may be encountered. It is foreseen,
however,  50  215 comprises material 8643 provided at a thick- that if
extreme conditions, for example construction  ness of 0.19 cm and a percent
solidity of 5.44%. It sites , dirt roads, etc., are not likely to be
encoun-  is noted that the description given the percent tered for
substantial periods of time, a gradient  solidity of the innermost region
215 is slightly lower density system can be well used as a vehicle filter.
than the percent solidity of the next outermost Further, such systems may
be useful as gas tur-  55  region 2/4%. However, the gradient is still
main- bine filters, etc., whereat a relatively constant par-  tained, since
the fiber diameter of 8643 material is ticle sized distribution is
expected, and extreme  considerably smaller than 7333 material (14.5 vs.
conditions are not likely to be encountered.      24 micrometer average
fiber size). The smaller 14    
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means that at about the same     material in the construction was
approximately 0.76 or reasonably close percent solidity, smaller pore
centimeters (0.3 inches). The next inner layer of sizes will be found in
region 215 relative to 214,  the three layers of stage 2 was a polyester
depth meaning a greater perpensity to trap material will  media formed from
fibers having an average diam- be located thereat. The arrangement
described   5   eter of about 14.5 micrometers and in the free state would
be provided for use as a vehicle filter with an  exhibiting a percent
solidity of about 1.5-2.5%. The internal diameter of about 15.6 cm.
innermost of the three layers was formed from the same material. The
overall thickness of the two Experiment 1
layers together was about 0.66 centimeters (0.26 io  inches) when wrapped.
This was estimated to be For evaluation purposes, an air filter construc-
approximately two-thirds of the thickness of the tion using a region of
uniform density depth and    material in the free state (i.e. solidity of
about 2- media and an inner region of gradient density      3%). The
material utilized for the innermost two depth media, according to the
present invention    layers of stage 2 was a material sold as commer- was
prepared and evaluated. In general, a cylin-  15  cial product number 8463
by Kem-Wove, Inc., of drical construction was selected for evaluation, with
Charlotte, North Carolina, 28241. a generally circular cross-sectional
configuration.    From the above description of stage 2, it will The
arrangement was generally as illustrated in     be apparent that stage 2
was constructed in a Figs. 2 and 3; however, it was not evaluated in a
manner having a gradient density, extending from similar housing. A
schematic representation of the   20  about 1.2% to 2-5%. arrangement
prepared for testing, is generally illus-   The material utilized for the
paper filter was a trated in Fig. 7.
Donaldson Company proprietary media designated The filter member
constructed generally bad     EN7.1.27. In general, the filter comprises a
resin an outer diameter of about 25.4 centimeters (10    impregnated
cellulosic media of about 31.7 kilo- inches), an inner diameter of about
15.2 centi-  25   grams (70 lb.) basis weight, permeability of about meters
(6 inches) and an overall length of about   15.2-18.3 meters per minute
(50-60 feet per 40.6 centimeters (16 inches). The schematic in Fig.
minute). The material was formed into a pleated 7, generally reflects
arrangement of the stage 1,  arrangement having a pleat depth of about 0.95
stage 2, and stage 3 materials, utilized in the test  centimeters (3/8
inches). sample. The outermost zone 190, i.e. the stage 1   30  The general
test procedure used is found in material, was prepared from about 1.5%
solidity     SAE J726 at page 24,46. For test purposes, the high loft media
of polyester fibers, formed from two  filter was installed in an open air
test chamber. An types of fibers, one having a thickness of about 27-  air
flow having test dust therein was directed 30 micrometers, the other having
a thickness of    through the arrangement from the exterior to the about
39-43 micrometers. The material utilized was   35  interior of the
construction. The air flow through the obtained from  Cumulus Fibers, Inc.,
Charlotte,    arrangement was about 19.8 cubic meters per North  Carolina
28208,  product  designation      minute (700 cubic feet per minute). The
air fed 1 00W067. Region 190 was prepared so as to be      through the
system included SAE fine test dust about 2.79 centimeters (1.1 inches)
thick, and of  therein. This Material is standardized test dust of or
substantially uniform solidity throughout.      40  silicon dioxide having
a particle size distribution by The stage 2 region, indicated at 191, was
pre-  weight percent: 0-5 micrometers, 39%  2%; 5-10 pared from three
layers of depth media, having an  micrometers, 18%  3%; 10-20 micrometers,
16% overall thickness (in the construction) of about 1.42  + 3%; 20-40
micrometers, 18%  3%; 40-80 mi- centimeters (0.56 inches), and was prepared
in a   crometers, 9%  + 3%; and, 80-200 micrometers, form exhibiting a
percent solidity gradient increas-  45  negligible. An SAE test dust is
available from Pow- ing from about 1.2% to about 2-5% therein, from
dered  Technology  Inc., Burnsville, Minnesota the outermost surface 192 to
the innermost surface  55337. The arrangement was run until a 63.5 centi-
193. More specifically, three layers of material   meter (25-inch)
restriction, i.e. pressure differential were wrapped coaxially, to form
stage 2.            of 63.5 centimeters (25 inches) of water, was mea- The
outermost layer of stage 2, i.e. the most  so  sured. upstream layer of the
material utilized in the stage   The arrangement was then disassembled and
2 region of the test sample prepared, was made      examined. It was found
to contain about 3504 from a 119 grams (4.2 oz.) polyester depth media
grams of particulate material therein, corresponding available from
Kem-Wove under that designation.    to a particulate removal efficiency of
99.914%. In the free state the material has a solidity of about  55  About
85-95% of the loading was found to have 0.8-1.4%. The material was
collapsed to approxi-   taken place in the outermost stage, i.e. region
190. mately one-half of its free state thickness, when  This primarily
comprised 1-10 micrometer parti- wrapped in the construction. The thickness
of the  cles. In the intermediate stage at 191, about 4% of 15    
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place. This comprised principally    It will be understood that although
laboratory smaller particles that were able to get through the  tests
conducted with test dust are themselves re- outermost region. Very little
loading, less than 1 %,  producible, they do not necessarily precisely re-
was observed on the surface of the filter paper 193.  flect performance in
the field. There may be a 5   number of reasons for this, including
variations in Experiment 2                                        the
particular composition of air in the field, versus the relatively constant
particulate distribution main- For purposes of general comparison, tests
tained during the test conditions. In general, ar- were conducted with
arrangements prepared with a   rangements according to the present
invention can gradient density throughout, rather than the con-  io  be
characterized in terms of performance with re- struction described with
respect to Fig. 7. A sche-  spet to test dust. One particular test dust
utilizable matic of this arrangement (prepared for compari-   in
characterizing vehicle filter arrangements and son) is generally reflected
in Fig. 8. In Fig. 8, the  gas engine generator filter arrangements, i.e.
ar- arrangement of various stages are illustrated. Stage  rangements
intended to perform up to a pressure 2 was similar to that described above
for Fig. 7,  15  differential of about 4.9-7.5 kPa (20-30 inches of except
only one layer of material 8643 was used;   water), is SAE fine test dust
previously character- i.e. the layer was equally thick to the two layers
ized herein. A useful material as a test dust for used for the previously
described test. Stage 3 was  testing filter arrangements for using gas
turbine generally as described above for Fig. 7. Stage 1,  arrangements or
air conditioner arrangements, etc., on the other hand, was prepared to have
a gradient  20  i.e. arrangements intended to operate up to about density
extending therethrough, from about 1.3%    pressure differential about 1.2
kPa (5 inches of solidity up to about 3.9% solidity.                water),
is ASHRAE test dust. ASHRAE synthetic In general, the gradient density of
stage 1 was  dust consists of 72% standardized air cleaner test prepared
through utilization of 4 layers, i.e. 4 plies,  dust fines, 23% by weight
Molocco Black; 5% by of the 100W067 material previously described. Dif-  25
weight number 7 cotton linters ground in a Wiley ferences in density were
obtained by more tightly  mill with 4 mm screen. Such a material is char-
collapsing the material in the inner layers. This was  acterized in ASHRAE
standard 52-76, incorporated accomplished by laying each layer of material
on a  herein by reference. (ASHRAE refers to the Ameri- netting, and
adjusting the tension of the netting  can Society of Heating,
Refrigerating, and Air con- while wrapping the netting around the
cylindrical  30  ditioning Engineers, Inc., 345 E. 47th Street, New core
comprising stages 3 and 2. In general, tighter  York, New York 10017.) Such
a material is avail- tension leads to more collapse of the ply, thus a
able, for example, from  Fisher Scientific, Pitts- higher percent solidity
for that ply. The solidifies for  burgh, PA 15219. each layer, outer to
inner, for stage 1 are estimated  A preferred vehicle air filter generally
analo- to have been as follows: 1.1%, 1.4%, 1.6% and   35  gous to the
arrangement shown in Figs. 3 and 6, 2.4%.
and constructed and arranged according to the No specific effort was made
to generate gra-    principles of the present invention, when exposed dient
density test samples perfectly identical to the  in testing to SAE fine
test dust, and operated up to test sample discussed above with respect to
Fig. 7,  a pressure differential of about 4.9-7.5 kPa (20-30 but for the
differences described. However, in gen-  40  inches of water), will perform
as generally char- eral the outside diameters, thicknesses of stage, 1,
acterized herein with: 65% preferably 75-95% of 2 and 3, and inside
diameter were about the same.  retained solids found in stage 1; no greater
than The overall length of the test samples of the sys-  about 7% of solids
retained against the paper filter tem shown in Fig. 8 varied plus or minus
about     element; and, the remaining of solids found in 10%, relative to
the specific length of the Fig. 7   45  stage 2. test described above.
However, the comparative         When arrangements according to Fig. 11, a
figure stated below for loading, results from nor-  gradient density
arrangement utilizable as vehicle malization to a theoretical construction
of similar  air filter, is tested with SAE fine test dust and length, based
on observed data.                    operated up to a pressure differential
of about 4.9- For the arrangements described above and in  50  7.5 kPa
(20-30 inches of water), preferably no accordance with Fig. 8, considerable
loading of    greater than about 50-55% of the solids is found in solids
was observed, at the limiting lifetime. On the  the outermost region of the
gradient density ar- average about 20% less material was loaded (the
rangement, and the total of about 90-95% of the 20% figure resulting from
normalization for length),  solids are retained within the depth media, the
at lifetime, than for the arrangement made accord-  56  remaining being
retained against the paper filter. ing to Fig. 7. Efficiency of removal was
calculated    When an arrangement constructed according to be about the
same, however.                     to the present invention and utilizing a
relatively large stage 1 region of uniform density depth me- 16    
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the descriptions associated with  3. A filter construction according to
claim 2 con- Figs. 1-7, is prepared for utilization as a gas turbine
structed and arranged such that the ratio of filter, and then preferably
when tested with ASH-      operationally retained solids in said volume of
RAE test dust composition as characterized herein      said upstream region
(51) of constant density up, to pressure differential of about 1.2 kPa (5
6   depth media (55) to said downstream region inches of water), at least
about 65%  and most         (52) of depth media is at least about 5 to 1.
typically in preferably about 80-95% of the solids are retained or found in
the stage 1 material, no  4. A filter construction according to claim 2 or
3 more than about 10% of the retained solids are         including: *
found against the paper filter elements; and, the   10   (a) an outer liner
(50) oriented adjacent an remainder of the retained solids are found in the
upstream side of said upstream region (51) stage 2, gradient density,
region. It is foreseen that   of constant density depth media (55); and,
preferred gas turbine arrangements will often be          (b) means
securing said upstream side of operated with a construction generally
analogous to      said upstream region (51) of constant den- that shown in
Fig. 10, with a removable and re-  is      sity depth media (55) to said
outer liner placeable outer portion of uniform density depth         (50).
material. It is foreseen that this portion of the uniform density depth
material will be responsible  5. A construction according to claim 2
wherein: for retaining the vast majority of solids found in the   (a) said
upstream region of constant density uniform density portion.
20         depth media is provided with a substantially oval cross-section
(161) taken in a direction Claims
substantially coplanar with a flow path of gas against said construction,
during use. 1. A filter construction for removal of particulates from a
gaseous stream such as air, said filter  25  6. A construction according to
claim 5 wherein: construction comprising:                             (a)
said downstream region of depth media (a) an upstream region (51) of
substantially       is provided with a substantially circular constant
density depth media (55) having           cross-section (162) taken in a
direction sub- no greater than about a 20% variation in
stantially coplanar with a flow path of gas density throughout its depth of
extension   30     against said construction, during use. and having a
percent solidity of no greater than about 3%;
7. A construction according to claim 6 wherein: (b) a downstream region
(52) of depth me-          (a) said paper filter (75) comprises a cylin-
dia, at least a portion of the downstream          drical paper filter
(172). region of depth media having a greater per-  35 cent solidity than
said upstream region of    8. A construction according to claim 7 wherein
depth media;                                     said paper filter
comprises a fluted paper filter (i) said upstream region (51) of constant
(170). density depth media (55) being con- structed and arranged for
operational  40  9. An arrangement according to claim 1 including loading
therein of at least 65% by weight     an inner liner (54) oriented adjacent
a side of of retained solids within said filter con-    said paper filter
(75) opposite from said down- struction; and,
stream region (52) of depth media. (ii) said downstream region (52) of
depth media being constructed and arranged   45  10. A filter construction
according to claim  2 for operational loading therein of at least
wherein: 50% by weight of solids retained within         (a) said upstream
region (51) of substan- the filter construction but not retained
tially constant density depth media (55) has within said upstream region;
and,                a percent solidity of no greater than about (c) a paper
filter (75) oriented adjacent a   50   2%; and, downstream side of said
downstream region          (b) said upstream region (51) of substan- of
depth media.                                    tially constant density
depth media (55) comprises two layers of material. 2. A filter construction
according to claim 1 wherein said downstream region (52) of depth  55  11.
A filter construction according to claim  10 media comprises a region of
gradient density       wherein: depth media having a variation in density
(a) said upstream region (51) of depth me- through its depth of extension.
dia (55) comprises two layers of material 17    



31                 EP 0563 255 B1                      32 dia according to
the descriptions associated with    3. A filter construction according to
claim 2 con- Figs. 1-7, is prepared for utilization as a gas turbine
structed and arranged such that the ratio of filter, and then preferably
when tested with ASH-        operationally retained solids in said volume
of RAE test dust composition as characterized herein        said upstream
region (51) of constant density up, to pressure differential of about 1.2
kPa (5    5    depth media (55) to said downstream region inches of water),
at least about 65%  and most           (52) of depth media is at least
about 5 to 1. typically in preferably about 80-95% of the solids are
retained or found in the stage 1 material, no    4. A filter construction
according to claim 2 or 3 more than about 10%  of the retained solids are
including: found against the paper filter elements; and, the   10     (a)
an outer liner (50) oriented adjacent an remainder of the retained solids
are found in the          upstream side of said upstream region (51) stage
2, gradient density, region. It is foreseen that     of constant density
depth media (55); and, preferred gas turbine arrangements will often be
(b) means securing said upstream side of operated with a construction
generally analogous to        said upstream region (51) of constant den-
that shown in Fig. 10, with a removable and re-  15        sity depth media
(55) to said outer liner placeable outer portion of uniform density depth
(50). material. It is foreseen that this portion of the uniform density
depth material will be responsible   5. A construction according to claim 2
wherein: for retaining the vast majority of solids found in the      (a)
said upstream region of constant density uniform density portion.
20          depth media is provided with a substantially oval cross-section
(161) taken in a direction Claims
substantially coplanar with a flow path of gas against said construction,
during use. 1. A filter construction for removal of particulates from a
gaseous stream such as air, said filter  26   6. A construction according
to claim 5 wherein: construction comprising:
(a) said downstream region of depth media (a) an upstream region (51) of
substantially         is provided with a substantially circular constant
density depth media (55) having             cross-section (162) taken in a
direction sub- no greater than about a 20%  variation in
stantially coplanar with a flow path of gas density throughout its depth of
extension   30       against said construction, during use. and having a
percent solidity of no greater than about 3%;
7. A construction according to claim 6 wherein: (b) a downstream region
(52) of depth me-            (a) said paper filter (75) comprises a cylin-
dia, at least a portion of the downstream            drical paper filter
(172). region of depth media having a greater per-  35 cent solidity than
said upstream region of     8. A construction according to claim 7 wherein
depth media;                                       said paper filter
comprises a fluted paper filter (i) said upstream region (51) of constant
(170). density depth media (55) being con- structed and arranged for
operational   40  9. An arrangement according to claim 1 including loading
therein of at least 65% by weight       an inner liner (54) oriented
adjacent a side of of retained solids within said filter con-      said
paper filter (75) opposite from said down- struction; and,
stream region (52) of depth media. (ii) said downstream region (52) of
depth media being constructed and arranged   45   10. A filter construction
according to claim  2 for operational loading therein of at least
wherein: 50% by weight of solids retained within            (a) said
upstream  region (51) of substan- the filter construction but not retained
tially constant density depth media (55) has within said upstream region;
and,                  a percent solidity of no greater than about (c) a
paper filter (75) oriented adjacent a   50     2%; and, downstream side of
said downstream region            (b) said upstream  region (51) of
substan- of depth media.                                      tially
constant density depth media (55) comprises two layers of material. 2. A
filter construction according to claim 1 wherein said downstream region
(52) of depth   55   11. A filter construction according to claim  10 media
comprises a region of gradient density         wherein: depth media having
a variation in density              (a) said upstream region (51) of depth
me- through its depth of extension.                         dia (55)
comprises two layers of material 17    



33                 EP 0 553 255 B1                    34 separated by a
porous liner (195).                 sity depth media (55) having no greater
than about a 20%  variation in density 12. A filter construction according
to claim  2          throughout its depth of extension and hav- wherein:
ing a percent solidity of no greater than -  (a) said downstream region of
depth media   5       about 2%; has a percent solidity increasing from
about       (b) collecting at least 50% by weight of the 1-2% up to at
least about 2-5% in transition       particulates which are collected from
the from a most upstream portion to a most             gas stream but which
are not collected in downstream portion.                                the
most upstream region of constant den- 10        sity depth media, in a
downstream region 13. A filter construction according to claim 2 or 12
(51) of depth media having at least a portion wherein said upstream  region
(51) of depth          thereof of greater percent solidity than the media
(55) comprises at least 60% by volume           upstream region (55) of
depth media; said of depth media in said filter construction.
step of collecting in a downstream region of 15        depth media being
conducted after said 14. A filter construction according to claim  2
step of collecting in an upstream region of wherein said upstream region
(51) of depth            constant density depth media; and, media (55)
comprises at least 70% by volume           (c) collecting a portion of
particulates col- of depth media in said filter construction.
lected from the gas stream with a paper 20        filter (75); said step of
collecting with a 15. A filter construction according to claim  1
paper filter being conducted downstream wherein the depth media arrangement
com-              from said step of collecting in the down- prises:
stream region of depth media. (i) at least four layers of depth media (210,
211, 212, 213, 214, 215) each of which has   25  17. The method according
to claim 16 wherein the a different percent solidity from at least the
step of collecting in the downstream region of other three of the at least
four layers of       depth media comprises collecting in a region depth
media within the depth media ar-           of gradient density depth media
having a vari- rangement; said at least four layers of depth    ation in
density through its depth of extension. media including a most upstream
layer  30 (210) of depth media and being arranged in   Patentansprlche
stages oriented in downstream progression; (ii) none of said layers of
depth media,     1. Ein Filteraufbau flr die Entfemung von Parti- except
optionally said uppermost layer of        keln aus einem gasfbrmigen Strom
wie Luft, depth media (210), comprising more than   35     wobei der
Filteraufbau umfaBt: 25%  by volume of depth media in said              (a)
einen stromaufwArts angeordneten Be- depth media filter arrangement;
reich (51) aus Tiefemedium (55) mit im we- (iii) said most upstream layer
(210) of depth      sentlichen konstanter Dichte mit nicht mehr media
comprising less than 50% by volume           als ungefahr einer 20 %
Variation bezUglich of depth media in said depth media filter  40      der
Dichte durch seine Tiefenausdehnung arrangement;
hindurch und einer Prozentfestigkeit von (iv) said most upstream layer
(210) of depth       nicht groBer als ungefihr 3 %; media having a percent
solidity of 1-2%;           (b) einen stromabwarts angeordneten Be- and,
reich (52) des Tiefemediums, wobei zumin- (v) a next three downstream
layers (211,  45       dest ein Teil des stromabwarts angeordne- 212, 213)
of depth media from said most            ten Bereichs des Tiefemediums eine
grb e- upstream layer each having a greater per-          re
Prozentfestigkeit als der stromaufwarts cent solidity than a next upstream
layer;         angeordnete  Bereich des Tiefemediums and, each having a
percent solidity no more        aufweist; than about 50%  greater than a
next up-  so           (i) wobel der stromaufwarts angeordnete stream
layer.                                         Bereich (51) des
Tiefemediums (55) mit konstanter Dichte fUr die operative La- 16. A method
of filtering particulate material from a       dung von zumindest 65
Gewichts-% der gaseous stream such as air; said method in-
Feststoffe, die innerhalb des Filterauf- cluding the steps of:
56           baus zurOckgehalten werden, aufgebaut (a) collecting at least
65% by weight of total        und angeordnet ist; und particulates
collected from the gas stream            (ii) der stromabwarts angeordnete
Be- in a most upstream region of constant den-            reich (52) des
Tiefemediums flr die ope- 18    
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I11111! 11111  11111 H111I1 rative Ladung von zurnindest 50 Ge-
(a) der Papierfilter (75) einan zylindrischen wichts-% der Feststoffe darin
aufgebaut         Papierfilter (172) umfaBt. und angeordnet ist, die
innerhalb des Filteraufbaus  zurUckgehalten  werden,     . Ein Aufbau nach
Anspruch 7, worin der Papier- aber nicht innerhalb des stromaufwarts   5
filter einen geriffelten Papierfilter (170) umfalt. angeordneten Bereichs
zurlckgehalten werden; und                               9. Eine Anordnung
nach Anspruch 1, die eine (c) oenen Papierfilter (75), der benachbart
innere AusfUtterung (54) umfaBt, die benach- einer stromabwarts
angeordneten Seite des       bart einer Seite des Papierfilters (75) entge-
stromabwarts angeordneten Bereichs des  lO      gengesetzt von dem
stromabwarts angeordne- Tiefemediums orientiert ist.                    ten
Bereich (52) des Tiefemediums orientiert ist. 2. Ein Filteraufbau nach
Anspruch 1, worin der stromabwarts angeordnete Bereich (52) des      10.
Ein Filteraufbau nach Anspruch 2, worin: Tiefemediums einen Bereich aus
Gradientdich-  15     (a) der stromaufwarts angeordnete Bereich
tetiefemedium mit einer Variation der Dichte         (51) von Dichtemedium
(55) mit im wesentli- durch seine Tiefenausdehnung umfaBt.
chen konstanter Dichte eine Prozentfestig- keit von nicht mehr als ungefahr
2 % auf- 3. Ein Filteraufbau nach Anspruch 2, der derart          weist;
und aufgebaut und angeordnet ist, daB das Verhalt-  20   (b) der
stromaufwarts angeordnete Bereich K-'     nis der operativ zurtckgehaltenen
Feststoffe in      (51) des Tiofemediums (55) von im wesent- dem Volumen
des stromaufwarts angeordne-             lichen konstanter Dichte zwei
Schichten von ten Bereichs (51) des Tiefemediums (55) mit          Material
umfalt. konstanter Dichte zu dem stromabwarts ange- ordneten Bereich (52)
des Tiefemediums bei  25  11. Ein Filteraufbau nach Anspruch 10, worin:
zumindest ungefahr 5 zu 1 liegt.                     (a) der stromabwarts
angeordnete Bereich (51) des Tiefemediums (55) zwei schichten 4. Ein
Filteraufbau nach Anspruch 2 oder 3 mit:          von Material umfaBt, die
durch eine por6se (a) eaner auBeren Ausffltterung (50), die be-
AusfOtterung (195) getrennt sind. nachbart miner stromaufwarts angeordneten
30 Seite des stromaufwarts angeordneten Be-     12. Ein Filteraufbau nach
Anspruch 2, worin: reichs (51) des Tiefemediums (55) mit kon-         (a)
der stromabwarts angeordnete Bereich stanter Dichte orientiert ist; und
des Tiefemediums eine Prozentfestigkeit (b) einem Mittel zum Sichern der
stromauf-         aufweist, die von ungefihr 1 - 2 % bis zu warts
angeordneten Seite des stromauf-  35         zumindest ungefghr 2 - 5 % im
Obergang warts angeordneten Bereichs (51) des Tie-          von einem am
weitesten stromaufwArts an- femediums (55) mit konstanter Dichte an
geordneten Toil zu einem  am  weitesten der auBeren AusfUtterung (50).
stromabwarts angeordneten Teil ansteigt. 5. En Aufbau nach Anspruch 2,
worin:          40  13. Ein Filteraufbau nach Anspruch 2 oder 12, (a) der
stromaufwarts angeordnete Bereich       worin der stromaufw~rts angeordnete
Bereich des Tiefemediums mit konstanter Dichte mit      (51) des
Tiefemediums (55) zumindest 60 Vo- einem im wesentlichen ovalen Querschnitt
lumen-% des Tiefemediums in dem Filterauf- (161) vorgesehen ist, der in
einer Richtung     bau umfaBt. im wesentlichen koplanar mit einem FluB-  45
pfad von Gas gegen den Aufbau beim Ge-       14. Ein Filteraufbau nach
Anspruch 2, worin der brauch genommen ist.
Stromaufw~rts angeordneto Bereich (51) des Tiefemediums (55) zumindest 70
Volumen-% 6. Ein Aufbau nach Anspruch 5, worin:                 des
Tiefemediums in dem Filteraufbau umfa~t. (a) der stromabwarts angeordnete
Bereich   50 des Tiefemediums mit einem im wesentli-      15. Ein
Filteraufbau nach Anspruch 1, worin die chen kreisfdrmigen Querschnitt
(162) vorge-     Tiefemediumanordnung umfaft: sehen ist, der in einer
Richtung im wesentli-      (i) zumindest vier schichten des Tiefeme- chen
koplanar mit einem FluBpfad des Ga-           diums (210, 211, 212, 213,
214, 215), von ses gogen den Aufbau beim Gebrauch ge-  55         welchen
jede eine unterschiedliche Prozent- nommen ist.
festigkeit von zumindest den anderen dreien der zumindet vier schichten des
Tiefeme- 7. Ein Aufbau nach Anspruch 6, worin:                    diums
innerhalb der Tiefemediumanordnung 19    37                EP 0 553 255 B1
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*    C   L   M   S* aufweist; wobei die zumindest vier Schich-
Schritt des Sammelns in ainem stromauf- ten des Tiefemediums eine am
weitesten             warts angeordneter Bereich des Tiefeme- stromaufwarts
angeordnete Schicht (210)            diums konstanter Dichte durchgefUhrt
wird; des Tiefemediums umfassen und in Stufen            und angeordnet
sind, die in stromabwlrts ange-   5     (c) ein Tell der Partikel, die aus
dem Gas- ordneter Progression orientiert sind;              strom gesammelt
werden, mit einem Pa- (ii) keine der schichten des Tiefemediums
pierfilter (75) gesammelt werden ; wobel der auBer fakultativ der auBersten
Schicht des         Schritt des Sammelns mit einem Papierfilter
Tiefemediums (210) mehr als 25-Volumen-            stromabwarts von dem
Schritt des Sam- % des Tiefemediums in der Tiefemediumfil-  1o      moins
in dem stromabwarts angeordneter teranordnung umfa~t;
Bereich des Tiefemediums durchgefflhrt (iii) die am weitesten stromaufwarts
ange-         wird. ordnete Schicht (210) des Tiefemediums weniger als 50
Volumen-%  des Tiefeme-       17. Das Verfahren nach Anspruch 16, worin der
diums in der Tiefemediumfilteranordnung   is    Schritt des Sammelns in dem
stromabwarts umfaBt;                                         angeordneter
Bereich des Tiefemediums um- (iv) die am weitesten stromaufwarts ange-
fUKt, daB in einem Bereich des Gradientedich- ordnete Schicht (210) des
Tiefemediums          tetiefemediums mit einer Variation in der Dich- eine
Prozentfestigkeit von 1 - 2 % aufweist,    te durch ihre Tiefenausdehnung
gesammelt und                                     20      wird. (v) nachste
drei stromabwarts angeordnete Schichten (211, 212, 213) des Tiefeme-
Revendlcatlons diums von der am weitesten stromaufwarts angeordneten
Schicht jede eine grofere       1. Dispositif de filtration destind a
dliminer des Prozenffestigkeit als eine nachste stromauf-  25  particules
d'un flux gazeux tel qu'un flux d'air, warts angeordnete Schicht aufweist;
und          ledit dispositif de filtration comprenant: jede eine
Prozentfestigkeit nicht gr6Ber als       (a) une zone amont (51) de milieu
profond ungefahr 50 %  mehr als eine nlichste             (55) de densite
substantiellement constante, stromaufwarts angeordnete  Schicht auf-
prdsentant une variation de densitd n'exc4- weist.
30         dant pas 20 % environ sur toute sa profon- deur d'extension et
pr6sentant un taux de 16. Ein Verfahren des Filtems teilchenformigen
solidite n'excedant pas 3 % environ; Materials aus einem gasformigen Strom
wie            (b) une zone aval (52) de milieu profond, au Luft: wobei das
Verfahren die Schritte umfaBt:       moins une partie de la zone aval de
milieu daB:                                      35         profond
pr6sentant un taux de solidite sup4- (a) zumindest 65 Gewichts-% der
Gesamt-            rieur a celul de la zone amont de milieu partikel, die
aus dom Gasstrom gesammelt           profond; worden, in einem am weitesten
stromauf-              (i) ladite zone amont (51) de milieu pro- wArts
angeordneten Bereich des Tiefeme-              fond (55) de densite
constante etant J'       diums (55) mit konstanter Dichte mit nicht  40
congue et disposde pour 8tre chargde, mehr als ungefahr einer 20 %
Variation              en fonctionnement, d'au moins 65 % en bezUglich der
Dichte durch seine Tiefenaus-          poids de solides retenus A
l'interieur du- dehnung hindurch und mit einer Prozentfe-            dit
dispositif de filtration ; et, stigicoit von nicht grb8er als ungefahr 2 %
(ii) ladite zone aval (52) de milieu pro- gesammelt werden;
46           fond 4tant congue et disposee pour tre (b) zumindest 50
Gewichts-% der Partikel,            chargee, en servicefonctionnement, d'au
welche aus dom Gasstrom gesammelt wer-               moins 5 % en poids de
solides rotenus a den, aber welche nicht in dem am weitesten
l'interieur du dispositif de filtration mais stromaufwarts angeordneten
Bereich des               non retenus dans ladite zone amont; et,
Tiefemediums mit konstanter Dichte gesam-   50    (c) un filtre en papier
(75) oriente de manib- melt worden, in elnem stromabwArts ange-
re adjacente & un c8t6 aval de ladite zone ordneten Bereich (51) des
Tiefemediums             aval de milieu profond. gesammelt werden, wovon
zumindest ein Teil von gr6berer Prozenffestigkeit als der  2. Dispositif de
filtration selon la revendication 1, stromaufwArts angeordnete Bereich (55)
des   55  dans lequel ladite zone aval (52) de milieu Tiefemediums ist;
wobei der Schritt des         profond comprend une zone de milieu profond
Sammels in einem stromabwArts angeord-          & densite ddcroissante
pr~sentant une variation neter Bereich des Tiefemediums nach dem         de
densit4 sur sa profondeur d'extension. 20    
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lis! 3. Dispositif de filtration solon la revendication 2,    (b) ladite
zone amont (51) de milieu profond congu et dispos6 de maniere que le
rapport            (5) de densite substantiellement constanto entre les
solides retenus en fonctionnement           comprend deux couches de
materiau. dans le volume de ladite zone amont (51) de milieu profond (55)
de densite constanto et   5   11. Dispositif de filtration solon la
revendication 10, coux retenus dans ladite zone aval (52) de         dans
loquel: milieu profond soit au moins de 5 a 1 environ.        (a) ladite
zone amont (51) de milieu profond (55) comprend deux couches de materiau 4.
Disposifif de filtration solon la revendication 2     separees par une
enveloppe porouse (195). ou 3, incluant:                            10 (a)
une enveloppe extfrieure (50) orientee   12. Dispositif de filtration solon
la revendication 2, de manibre adjacente & un cbtd amont de          dans
lequel: *         ladite zone amont (51) de milieu profond            (a)
ladite zone amont de milieu profond (55) de densitf constanto ; et,
pr6sente un taux de solidlt4 passant d'envi- (b) des moyens fixant ledit
cbt4 amont de   is     ron 1 & 2 % & environ 2 a 5 % au fur et & ladite
zone amont (51) de milieu profond           mesure quo l'on s'dloigne de la
partie la (55) de densite constante & l'onveloppe ex-        plus en amont
pour se rapprocher de la terieure (50).
partie la plus en aval. 6. Dispositif de filtration selon la revendication
2,  2o  1& Dispositif de filtration solon la revendication 2 dans lequol:
ou 12, dans loquel ladite zone amont (51) de (a) ladite zone amont de
milieu profond de       milieu profond (55) comprend au moins 60 % densit4
constanto  presente une section         en volume de milieu profond dans
ledit dispo- transversale (161) substantiellement ovale,      sitif de
filtration. prise dans une direction situde substantiol-  25 lement dans le
m1 me plan qutun passage      14. Dispositif de filtration solon la
revendication 2, de flux de gaz sur ledit dispositif, en cours    dans
loquol ladite zone amont (51) de milieu de fonctionnement.
profond (55) comprend au moins 70 % en volume de milieu profond dans ledit
dispositif 6. Dispositif de filtration solon la revendication 5,  30  de
filtration. dans loquel: (a) ladite zone aval de milieu profond pri-  15.
Dispositif de filtration solon la revendication 1, sente une section
transversale (162) subs-       dans lequel le milieu profond comprend:
tantiellement circulaire prise dans une direc-     (i) au moins quatre
couches de milieu pro- tion situ6e substantiellement dans le mOme   35
fond (210, 211, 212, 213, 214, 215), cha- plan qu'un passage de flux de gaz
sur ledit        cune d'entre elles presentant un taux de dispositif en
cours de service.                    solidite diff~rent de celui des trois
autres couches parmi les quatre couches au moins 7. Dispositif de
filtration solon la revendication 6,    de milieu profond a l'interieur du
dispositif dans lequel:                               40         de milieu
profond ; lesdites quatre couches (a) ledit filtre en papier (75) comprend
un        au moins de milieu profond incluant une filtre en papier
cylindrique (172).                couche la plus on amont (210) et etant
dispos6es en niveaux orient6s suivant une 8. Dispositif de filtration solon
la revendication 7,    progression vers l'aval; dans lequel ledit filtre en
papier comprend un   45  (ii) aucune desdites couches de milieu pro- filtre
on papier cannele (170).                      fond, except4 a titre
d'option ladite couche sup6rieure (210) de milieu profond, no re- 9.
Dispositif solon la revendication 1, incluant une     prdsentant plus de 25
%  on volume de enveloppe interieure (54) orient~e de manibre
milieu profond dans ledit dispositif formant adjacente audit filtre en
papier (75) a P'opposd   so  filtre a milieu profond; de ladite zone aval
(52) de milieu profond.          (iii) ladite couche (210) de milieu
profond la plus en amont repr6sentant moins de 50 % 10. Dispositif de
filtration solon la revendication 2,   en volume de milieu profond dans
ledit dis- dans lequel:                                          positif
formant filtre & milieu profond; (a) ladite zone amont (51) de milieu
profond  5s   (iv) ladite couche (210) de milieu profond la (55) de densite
substantiellement constanto,       plus on amont pr~sentant un taux de
solidi- pr6sente un taux de solidite n'exc~dant pas        te de 1 a 2 %;
et, 2 % ; et, 21    41                EP 0 553 255 B1                   42
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(v) I'une des trois couches (211, 21.2, 213) de milieu profond suivantes en
aval de ladi- te couche la plus en amont presentant un taux de solidit6
superieur a celul d'une cou- che suivante en amont ; et chacune presen-   5
tant un taux de solidit6 n'6tant pas sup6- rieur de 50 % & celul d'une
couche suivante en amont. 16. Proc~d6 de filtration de matiere sous forme
de   70 particules a partir d'un flux gazeux, tel qu'un flux d'air; ledit
procdW incluant les etapes de: (a) collecte d'au moins 65 % en poids des
particules collectdes au total dans le flux de gaz dans une zone de milieu
profond (55)  i5 de densit6 constante la plus en amont, pr6- sentant une
variation de densit6 n'exc6dant pas 20 % environ sur toute sa profondeur
d'extension et pr~sentant un taux de solidit6 n'exc6dant pas 2 % environ;
20 (b) collecte d'au moins 50 % en poids des particules qui sont collectbes
dans le flux de gaz mais qui ne sont pas collectdes dans la zone de milieu
profond de densitd constante la plus en amont, dans une zone   25 aval (51)
de milieu profond dont une partie au moins prdsente un taux de soliditW
supd- rieur a celui de la zone amont (55) de milieu profond ; ladite 6tape
de collecte dans une zone aval de milieu profond 6tant  3o rdalisde apres
ladite 6tape de collecte dans la zone amont de milieu profond de densite
constante ; et, (c) collecte d'une partie des particules col- lectees dans
le flux de gaz A I'aide d'un   35 filtre en papier (75); ladite etape de
collecte a l'aide d'un filtre en papier 6tant realisee en aval de ladite
etape de collecte dans la zone aval de milieu profond. 40 17. Prockd6 selon
la revendication 16, dans lequel l'etape de collecte dans la zone amont de
milieu profond comprend la collecte dans une zone de milieu profond d'une
densit6 d6crois- sante presentant une variation de densite sur  4S sa
profondeur d'extension. 50 55 22    


