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-exhaust ‘gas of an internal conbustion engine The invention relates to a
filter unit for filteri ng particles contained in the exhaust 4 JAN 2807

internal "conbustion engine, in particular of the diesel type, and to 5 a

filter body-including at |east one fil te;L unit according to the invention.
Por ous honeyconb structures are used as filter bodies for filtering .
part.i- cles enitted by diesel vehi cles. These filter bodies are generally
made of ceramic (cordierite, silicon carbide, etc.). They may be
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the outdetl RASRABREI a VafiedtdpBFckimately 150 dPa (for an engine of about 2 liters cubic
capacity driving on a motorway with a filter body of approximately 4 liters).
Regeneration consists in oxidizing the soot. To this end, it is hecessary to
heat the soot since the temperature of the exhaust gases is of the order of 300°C
whereas the flash point temperature of the soot is more of the order of 600°C, under
25 normal operating conditions. Despite such regeneration, combustion residues remain -
in the filter body. Accordingly, the head loss induced by the filter body after
regeneration is always higher than that induced by the filter body before
regeneration. This phenomenon of clogging continues on each regeneration and it is
necessary for the dealer to clean the filter block completely, for example every
30 80000 km. This cleaning constitutes a drawback to the use of filter bodies.
FR 2 473 113 proposes a filter body that can be produced by extrusion and
has inlet passages of greater cross section than the outlet passages. The authors
indicate a filtering area of the filter unit of 7.89 cm%cm® (i.e. 0.789 cm’/) with a
constant inlet passage cross section less than 12.8 mm?2 and a wall thickness less
35 thanorequal to 0.7 mm.




‘indicate a filtering area of the filter unit of 7.89 cn2/cnB (i.e. 0.789

cn2/1) with a constant inlet passage cross section | ess than %25 QWd
a wall thickness less 35 than or equal to 0.7 nm 1 6 JAN 200 2-l er

the filter body described in FR 2 473 113 induces a high head 1o0ss, which

means that the filter body nust be regenfrated frequently. It is therefore

difficult to envisage the industrial use®“of this filter body. There is

therefore a need for a filter body having a | ow head | oss throughout 5 its

service life and ther ef ore necessitating | ess frequent cleaning. The
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Cross secti mt@tommtmttt area throughout the Ilength of said filter unit;
- said ELB' et and Ooutﬁw eﬁyd?ﬁﬁéacﬂgﬁet%r ofsstalrdaogtpett p%réga easr% #rgrln;o.g to 1.4 mm,
preferably greater than 0.95 mm,
 the ratio r of the overall volume of the inlet passages to the overall volume
of the outlet passages is from 1.15 to 4, preferably greater than 1.35 and/or less
than 3,

20 e the filtering area is from 0.825m® to 1.4 m? per liter of said filter unit,

preferably greater than 0.92 m?

¢ the ratio of asymmetry of said undulation is less than 20%.

As will emerge in more detail hereinafter, this significantly reduces the head
loss induced by the filter unit and therefore reduces the frequency of regeneration of

25  the filter body of which it forms part.

According to other preferred features of the invention:

- said outlet passages have a cross section of constant area throughout the
length of said filter unit;

- said inlet and outlet passages are straight and parallel;

30 - said inlet and outlet passages are arranged relative to each other so that
all of the gas filtered by any inlet passage passes into outlet passages adjacent said
inlet passage;

- said undulation has a sinusoidal shape in cross section; the ratio of
asymmetry of said undulation is less than 15%, preferably less than 12%, and/or

35 greater than 5%, preferably greater than 6%;




‘30 - said inlet and outlet passages are arranged relative to each other so
that all of the gas filtered by any inlet passage passes into outlet
passages adj acent said inlet passage; - said undul ation has a $ignyANi 287
shape in cross section; the ratio of asymretry of said undulation is |ess
than 15% preferably Iess than 12% and/or 35 greater than 5% preferably
greater than 6% 1 6 JAN 2007 3 said undul ation is periodic and a

hal f - peri od of said undul ati on extends over the width of one of said
channels; - said inlet and outlet channels are disposed alternately in any

hori zont aI row or vertlcal row of said unit, thus form ng a checkerboard
structure on the f78#f Wedlaon isperiofic apd & half-periad ofrseid | undeletion extends

relates to amferltrteewmtroafwnerdfeadeﬁaﬁ@élsa particle filter that is noteworthy
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Such bodi es_ar 0 as "clogged".

appr oxi nat el
Tﬁg r esi ues'%a'?%"?"’%% ad@r?é‘lpqu { %’%m?afwfe%f&t%&%@‘ tf“?\lrl%’?"tﬁﬁibsage Al of
figures 1 to 3 cor+fgepodi 4 parjanievabf thiednst fate bf & secondrérhisodiidntraly fiter

unit of the invention,
- figure 4 is a graph representing the head loss as a function of the time of
use for various new, "clean"”, tested fiiter bodies, and
20 - figure 5 is a graph representing the head loss as a function of the time of
use for various tested filter bodies in which the combustion residues occupy a
volume corresponding to 50% of the volume of the inlet passages of the reference
filter, which corresponds to a distance traveled by the vehicle of approximately
80 000 km. Such filter bodies are referred to as "clogged". The residues are
25  generally in the far end of the inlet passage.

All of figures 1 to 3 correspond to partial views of filter units and may be
regarded as a partial view of a monolithic filter body or a partial view of a filter body
formed by assembling filter units.

In the figures, the thickness of the walls between the passages is not to

30 scale and is not limiting on the invention.

Figure 1a is a diagram of the front face of a filter unit currently used to trap
particles contained in the exhaust gases of motor vehicles propelled by a diesel
engine. This filter unit has identical passages whose cross section is square and of
constant size throughout the length of the filter body. On this front face, one in two

35 passages is blocked. The passages 1 and 2 are open and therefore constitute inlet




‘'regarded as a partial viewof a nonolithic filter body or a partial view of
a filter body forned by assenbling filter units. In the figures, the

thi ckness of the wal | s between the passages is not to 30 scal & dAN 2087 not
limting on the invention. Figure la is a diagramof the front face of a
filter unit currently used to trap particles contained in the exhaust
gases of notor vehicles propelled by a dtesel engine. This filter unit has
i dentical passages whose cross section is square and of constant size
throughout the Iength of the filter body On this front face, one in tw 35
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the outl et passages c as t
infigure 1. theA(f s of “’1‘918391%3683 étto t”I*RaOWﬁt PESHANSS aBecauss %dh%ﬁt%&fé@d@ the used
to filter t hﬁ/emhmsmegﬂaﬁé,mietSpéd%ag@s P6fBrrad® t® Abbie) thie e’ BRAIRDISTBH end Nl et
passagea Ot hat IPs o? the mﬁe? passages, or "filtering area”, is increased to the detriment of that of
the outlet passages compared to a prior art filter body such as that shown in figure 1.
All of the area of the inlet passages is advantageously used to filter the
exhaust gases, as there are no portions of one or more inlet passages that open into
other inlet passages, such portions being of no utility for filtration since the exhaust
25  gases can pass through them in both directions.
The inlet passages and outlet passes are preferably parallel and straight. It
is therefore possible to produce the filter unit of the invention by extrusion, which is
advantageous.
Figure 2c is a view in cross section of the extrusion die used to produce the
30 filter unit shown in figure 3a; in this view the solid lines represent machined openings
through which the ceramic may pass. This die is used to fabricate passages of
constant cross section throughout the length of the filter unit, which facilitates
extruding them,
The passages are straight along the length of the filter body. Accordingly, in
35 longitudinal section (see figure 2b), the passages have a constant cross section




‘other inlet passages, such portions being of no utility for fiItration
since the exhaust 25 gases can pass through themin both directions.

i nl et passages and outl et passes are preferably parallel and sﬁidﬁéhﬁﬂﬁht
is therefore possible to produce the filter unit of the invention by
extrusion, which is advantageous. Figure 2c is a view in cross section of
the extrusion die used to produce the filter unit shown in figure 3a;
inthis viewthe solid lines represent machi ned openings through which the
ceramic may pass. This die is used to fabricate passages of constant cross
section thrﬁg hout he I ich facilitates
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of those passages) IS prefera concave on
and/or two vertlcal rows, of passages (and thus formed by a set of porttons of lateral

walls 16, to 16; of those passages) is preferably concave on the side of the inlet

20 passages and convex on the side of the outlet passages.

Along a horizontal row (along the x axis) or a vertical row (along the y axis)
of passages, the intermediate wall 15 preferably has an undulating or "wavy" shape
in cross section, the wall 15 undulating by substantially one half of an undulation
length across the width of a passage.

25 The "length" of an undulation is the distance between two points of the
undulation located at the same height with the same direction of variation of slope. In
the case of a periodic undulation, the "length” of the undulation is called the "period".

The undulation is preferably periodic, but the amplitude of the undulations
may be constant or variable. The amplitude is preferably constant. It is also

30 preferable if the undulation has a sinusoidal shape whose half-period is equal to the
pitch "p" of the array of passages, as shown in figure 3.

Finally, it is preferable if all the vertical or horizontal intermediate walis 15 of
a unit have an undulation of exactly the same shape in cross section.

The expression "ratio of asymmetry” refers to the ratio between the

35 amplitude "h" and the haif-length of said undulation (or between the amplitude "h"




- 20 "passages and convex on the side of the outlet passages. Along a

hori zontal row (along the x axis) or a vertical row (along the y axis) of
passages, the internediate wall 15 preferably has an undul ati ngy ojAN'

shape in cross section, the wall 15 undul ating by substantially one half
of an undulation Ilength across the width of a passage. 25 The "l ength" of
an undul ation is the distance between twd points of the wundul ation |ocated
at the same height with the sane direction of variation of slope. In the
case of a periodic undulation, the "length" of the undulation is called the

"period". The undul ation is Rreferabl y periodic, but the anplitude of the
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| ntrodu i nl et passages of the filter bodies under test at a
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filter body rest's oncentration conmpbustron residues
The reference example "Ref" corresponds to a filter constituted by

assembling 16 filter units fastened together with a joint 1 mm thick. This filter was
20  cylindrical with a diameter of 144 mm and a length of 9inches (228.6 mm). The
passages were of the type represented in figure 1, the outlet and inlet passages
having a square cross section of constant area through the length L of the filter
body. The pitch of the array was 1.8 mm and the thickness of the walls was 350 um.
The filtering areas, passage volumes and head losses were calculated by
25  the Institut de Mécaniques des Fluides of Toulouse (France).

The expression "hydraulic diameter” used in relation to a cross section or a
passage refers {o the ratio between four times the section of the passage and the
perimeter of the passage.

The passage density is expressed as a number of passages per square

30 inch (cells per square inch (cpsi)).

Ve denotes the total volume of the inlet passages, Vs the total volume of the
outlet passages. The ratio r is defined as follows: r = Ve/Vs.

The expression "filtering area" refers to the area of the walls of the inlet
passages through which the flow of gas to be filtered can pass. The filtering area is

35  evaluated in square meters per liter of filter unit.




in‘the inlet passages was 1.8 10"9 nB8/n8 of exhaust gas. The reference
exanple "Ref" corresponds to a filter constituted by assenbli g}ﬁg fbiter
units fastened together with a joint 1 mmthick. This filter sJAlp @l
cylindrical with a dianeter of 144 mmand a length of 9 inches (228.6 mm.
The passages were of the type representep in figure 1, the outlet and inlet
passages having a square cross section of constant area through the | ength
L of the filter body. The pitch of the array was 1.8 mm and the thickness
of the walls was 350 pm The filtering areas, passage vol unes and head

| osses were cal culated 25 the | nstitut de I ques des Fl ui deg, of
Toul ouse (France) .T%?Wgr@&ﬁ?%%es?{;ﬂ f'lt?lryl&‘? dPieé’aIH%%ﬁnyeWea?}gm tFﬁL{mﬁ t"on to
a cross secmiouesro acaghna gagticulaf lmesl bes t"tle" aad ibg thetimanhdanluloss i(dR Sort he
section of thewp - he weRErd; r,. Qf PRSRA n Be

density is téxg)r)'eﬁ%g&%ga{a&niﬂ%er Hﬁfﬁ”ﬁ{?gé‘éggh%g asquar%gs S@i %c)ﬁﬁ?’gg% S
squar e i nchdegpiet}ty.. Ve denotes the total volume of the inlet passages,
the totaf vol une ¢fistdifisiaeiedl KlvaR@geagetor alffer kY o 'cohforHabithe doiRWing
follows: r = VeNs. The expression "filtering area” refers to the area of
the wal | s of°8¥& i nl et passages through which the flow of gas to be
filtered can pass.eitiial Headtiess ngoaibag is 35 evaluated in square neters per
liter of filter un.itt. >l?cﬁJ%AN 007f'lt 7 The performance of a filter body is
eval uat ed by neasdri%g T1e°t FRE M ninutes to reach a particul ar head
| oss "dP" and by tehesi=®Q0 fal alelead fitess (dP for t = 0). The neasured tine

"t" in mynutes to hisey® e 8 "dP" of x nbar is denoted tx. 5 It
‘i's con5|m()jered adva.ﬁtﬁsaog_eous ¥o(rac%§gl??ﬁ£ﬁeer'r body to conformto the foll ow ng

per
Vs

criteria: initialT®hieal | oss < 50 nbar;  t1100 ? 300 for a clean filter:

t 115500, flor V@ailpl @aRaffoldk L BT ;¢ =10 L. t@L;‘hé_O Zﬂﬁeriﬁ@r t@nirﬁlfo‘ngﬁﬁiﬁng foi 1 €min) fa-rabl g
Passage Wal|l Ratiojof r= Cutlet Riltering t(mmn) for t(mn) far t(mn) for

dP dger'i‘éifyty PiskeRh ¢ SY™EIIMEYYNF e RESI98ssYEEPeal eadper |dP € =dP |= dP™= (i)

(cpsi) {um} hydraulic liter of 150 mbar | 100 mbar | 150 mbar for t=0

diameter | filter unit (clean (clean filter | (clogged (clean

{mm)} (m?/1 filter unit) unit) filter unit) | filter unit)

Ref. 200 350 0 1 1.45 0.918 481 319 134 26.7
Ex1 250 350 0 1 1.26 0.997 495 341 NA 28.7
Ex2 250 350 10% 1.986 1.03 1.149 >600 443 279 33.9
Ex3 250 350 20% 4.806 0.74 1.283 522 100 NA 89.6
Ex4 250 300 10% 1.867 1.09 1.183 >600 508 337 27.8
| Ex5 250 300 15% 2.66 0.97 1.25 >600 514 NA 36.8
6| 250 300 20% 4.061 0.82 1.314 >600 376 NA 60.5
Ex7 250 400 10% 2.099 0.97 1.115 >600 372 NA 41.8
Ex8 200 350 10% 1.883 1.2 1.05 >600 412 264 29.7
Ex9 200 350 15% 2723 1.06 1.111 >600 41 309 38.7
Ex10 200 350 20% 4.223 0.89 1.168 >600 281 284 63.8
Ex11 300 350 10% 2.054 0.9 1.233 >600 446 NA 39.5
Ex12 200 350 2% 1.132 1.4 0.946 516 342 160 26.3
Ex13 200 350 5% 1.365 1.33 0.987 566 374 200 26.6
Ex14 100 500 10% 1.367 1.88 0.696 307 180 121 35.7
Ex15 150 400 10% 1.363 1.54 0.856 441 288 200 28.8

"NA" means "not available™.
Table 1 and figures 4 and 5 indicate that:




“(cpsi) (pm hydraulic liter of 150 nmbar 100 nbar 150 nbar for t=0 di aneter

filter unit (clean (clean filter (clogged (clean (n2/1 nit)
unit) filter unit) filter unit) Ref. 200 350 0 1 1 45 0. 918)'4@@?33“17

26.7 Ex1 250 350 0 1 1.26 0.997 495 341 NA 28.7 Ex2 250 350 10% 1. 986

1. 03 1.149 >600 443 279 33.9 Ex3 250 3%0 20% 4. 806 0.74 1.283 522 100 NA
89.6 Ex4 250 300 10% 1.867 1.09 1.183 >600 508 337 27.8 Ex5 250 300 15%
2.66 0.97 1.25 >600 514 NA 36.8 .6 250 300 20% 4. 061 0.82 1.314 >600 376 NA
60.5 Ex7 250 400 10% 2.099 0.97 1.115 >600 372 NA 41. 8 EX8 200 350 10%

1.883 1.2 1.05 >6Q0 412 29. 7 0 504 06.1.111.>600 411
309 38.7 Ex10 20 °§%®”§§}Abz?dﬁ3”§ %’53% g’eesﬁgeé‘ﬂ%a% %ﬂ%’%’%‘ “3%‘11'1 08800 350
10% 2. 054 Qir@rdas28 Bveraidte.4n GtHeAvREdS; thetoading BDpa SiBc2isds ASMelfiltéring S#a 516

500 10% 1. 3055 BUIEtd Tha aiegl &, Mol o AR ooe 1 Shalt o,

0. 856 441 28smpain@gxanpleNt' ang dhe refesncaaxamals. efhat Tamiparisora plepws ghat es 4
and 5 i ngli C@Eé‘or&h%tto the @nv&ﬁ%@oé)ﬂngh%r Fo PEYS fihd baVarkRd §1Scorhbé‘n£[u§%afaer the

filtering area e sl ower | o0ss i ncreases over tine her
wor ds, the IQﬂ‘éF‘dlf'HE;”’Q %S%“@@Eﬁ'é%\%‘?és 8€ ¢'PR9ed; | tering area increases.

However, the fi I tw.mgt Beifg bbsnd By atyeon| theCAppliedrit eRplains this pE&reomieridy
conparing exa 15 and the reference exanple. That conpari son shows that,
5 accordi ng"} E’“f"?ﬂ/@ﬁﬂ%h a higher ratio r has the advantage of
conpensating a I éweigh fratict emeags argreatehesiumien the inlst passages lfoggertng et hout

bei ng bpynd cBbﬁbﬁ&)ﬁ& Lé%%ﬁés F&e a%ﬂ%ﬁ ‘ﬁﬂ&‘ingeé@aaéﬁ@ at bén F&Bﬁ%ﬁﬁt‘r’dhoﬂisiddé the

‘foll owi'ng manner greater

passages f o VoINS . Bgd Q'Hén n!{mb@(ﬁfﬁﬁé‘?ﬂ%ﬁ“%b |“'(!ﬁjlér§P°'Iﬁéﬁ Oéﬂ”@l fiitering F!e?éhfl’tng

area and a @ M@ﬁe&ﬂ%&bbé&‘ |tr|§%b¢él'6d pyOthi MBRn{bluson %sﬁiu\é@ns fMeisere River.

regenerati Oq‘% mcsuced F?\re(ajg orsg H’\erefore 8er||' IBte reler}' %rregenergtlons the head loss
induced by the filter body therefore increases more slowly.

15 Moreover, the large volume in the inlet passages can store a greater
gquantity of combustion residues. The number of regenerations before
removing/refitting the filter can therefore be increased.

For a constant wall thickness, an increase in the ratio of asymmetry implies
an increase in the storage capacity of the inlet passages and an increase in the

20 filtering area of the unit.

However, the ratio of asymmetry must not be increased excessively, as this
could reduce the section of the outlet passages to the point of a prejudicial increase
in the head loss. '

A compromise must therefore be arrived at. The ratio of asymmetry is less

25 than 20%, preferably less than 15%, more preferably less than 12%, and greater
than 5%, preferably greater than 6%.

According to the invention, the time between two filter body
demounting/cleaning operations is therefore increased not only because of reduced
residual clogging of the filtering area by combustion residues after each

30 regeneration, which slows down clogging by soot between two regenerations, but
also because a greater number of regenerations is possible, the combustion residue
storage volume being greater.

The motorist can therefore travel a greater distance without performing any
maintenance on the filter.

35 According to the invention, the optimum is considered to be having:




‘considered to be

| g
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“is'ineffective because it is covered by the conbustion residues is

therefore lower. The induced head loss is therefore | ower. Fmﬁgw ﬁm@
regenerations, the head loss induced by the filter body there

increases nore slowy. 15 Moreover, the large volune in the inlet passages
can store a greater quantity of conbus ion residues. The nunber of
regenerations before renoving/refitting the filter can therefore be

i ncreased. For a constant wall thickness, an increase in the ratio of
asymretry inplies an increase in the storage capacity of the i nlet
passages and an incre

n.th 20 fl I er,
the ratio of asynm?t ?orﬂg?atﬁ fﬁag |Ef1°é‘|ae§3 lﬁge%ﬁéﬁw ‘%}ﬁe hlés?% ul d
reduce the esthaom, erefetablydass anBassages to the point of a prejudicial

increase in the U%?ghtclfrﬁgsare% EPLH?JsP?S 84 W%tsz%gﬁ"" BEONifRr AR ek fd Al The

ratio of asymretr efer Iess than 15% nore
preferably Peierablygreatonthan geegiablia @92 n% t%ﬁ“@%’f EJFeéfJé'Fabl y greater than 6%

g\ccord![ ng ';0 t he TRY Akt %ﬂd duet fpﬂa?%dé@fw‘ﬁmg bWeroks |sb@tﬁorf@ﬂ)élonstabnt area f
enountin | eretrore | NCrea ecC e 0
e oaed M ol b Bl BF The, Bk Writer e, iR RS SR o Y e FEStiRTC
after each rezingrthe dydraolic smeter of thesinidb passabes gnargr te;dustogthéamdnmdn t wo
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not ori st CaﬁhQWﬁaﬂm‘lm‘rtbethydrﬁ@llllC Siagraten efrt auosmlahn%esagemwerpéﬁﬁ&rmedgsaﬁny f
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a ratio r gréater than or equal

than 3, a filterianggoradingatodtheigasitiosdel hydeaulic 8fametBr pEithd bilitest paksdgdst er

anit 5 TheMiiH Be SchmraheT eeqyalh 2o A0 rer B dns B 8B 4 B const ant
area throughout GOieouesegtire presetmteinyéntioaris unt timitechéo thecersbadimentstdhewnatio r
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and/ or reducm rau aneter o passages.
(see in par Ppﬁlﬂnlﬁlﬁg @X@i’ﬂﬁﬁes 3, 6 and 10)

Thus the invention relates equally to a monolithic filter body. The filter unit
could have any shape and any arrangement of the passages.
Finally, the cross section of the passages is not limited to the shapes
20  described.




" shows that if the hydraulic dianeter of the outlet passages is very snal
the head 10 | oss induced by the clean filter body is nuch too 5 E ﬁ@z
may prove unacceptable since the official power rating of anl 3 Ne kes
account of the exhaust line. According to the invention, the hydraulic
di aneter of the outlet passages nust be_greater than or equal to 0.9 mm and
preferably from0.95 to 1.4 nm O cour% the present invention is not
linited to the enbodi ments shown 15 here and descri bed above, which have
been provided by way of illustrative and nonlimting exanple. Thus the
invention relates equally to a nDnoIitai% filter body. The filter unit
coul d have any shape and any arrange t he passages. Finally, the
cross section of theipassdpes fileringtpdriiols eohttainetﬂ hHe tﬁémaaust%sde&ﬁrérbed. 1
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set of later t 1 ons ormn (15)
Dot ween | nl detepeNelgI(15) batypoa inElAREFS TS hYErd(cLle! Ba3saemtlZnddl ng
i N Cross seGdndoRaviiy) Wneiekatdeefion]edeiumtiiafior Qetdt@irRas® irftfedauethal bveryip! une

f i d | et tt f tlet
o oo 1 SRR st LGB it B8 o b BB, (10
11) bei ng gr(éat €3), add thehaverahablufmes(/epbf saitl dnleLipassagen$HaddS béihg, gradpr

‘charact bl 2604 fhaf 1) of LS INRULSE (9 ! Sarslicrbaldh AL et passages (12

"13) is rom e overall "volune (Ve) of the
i nl et passages (10, th;elbydtraphprwam@tﬁértﬁlsald/@utﬁtepqsvgge%ﬁ& He) dutflogt Ofatsages
(12, 13) is f4Hml. 15 to 4, 15 thefiltering area is from0.825 n2 to 1.4
m2 per liter of said filter ry o

o.of a sai d
undul ation is | es® YRAIDHHS tr@ °“|ei"q"t‘@r]urﬁﬁ’1?\{e)afgé'6‘? ?%daafsg,aqgsa{ Pm 1) to the
char act er i zasleran volimie (M chitdraaubl gassages @R e13)6d fromi 11 ®itttd, et passages (12,

13) is gieat er than Oaﬁgﬂnq ﬁrgg is fro l ld825"0 t{o ‘F‘g?nQrpde'r fidr oPsaldy‘lher un(iI aim1 or

claim 2; Schar act en‘?g
e the ratio of asymmetry of said undulation is less than 20%.

2. Filter unit according to claim 1, characterized in that the hydraulic
diameter of said outlet passages (12, 13) is greater than 0.95 mm.
3. Filter unit according to either claim 1 or claim 2, characterized in that

20  said ratio r is greater than 1.35.

4. Filter unit according io any one of the preceding claims, characterized in
that said ratio r is less than 3.

5. Filter unit according to any one of the preceding claims, characterized in
that the filtering area is greater than 0.92 m? per liter of said filter unit.

25 6. Filter unit according to any one of the preceding claims, characterized in
that said outlet passages (12, 13) have a cross section of constant area throughout
the length (L) of said filter unit.

7. Filter unit according to any one of the preceding claims, characterized in
that said inlet passages (10, 11} and outlet passages (12, 13) are straight and

30 paralel

8. Filter unit according to any one of the preceding claims, characterized in
that said inlet passages (10, 11) and outlet passages (12, 13) are arranged relative
to each other so that all of the gas filtered by any inlet passage (10, 11) passes into
outlet passages (12, 13) adjacent said inlet passage (10, 11).

35 9. Filter unit according to any one of the preceding claims, characterized in




~20"said ratior is greater than 1.35. 4. Filter unit according to any one
of the preceding clains, characterized in that said ratio rn;sﬁ lﬁﬂSZﬁman
3. 5. Filter unit according to any one of the preceding clai
characterized in that the filtering area is greater than 0.92 n2 per liter
of said filter unit. 25 6. Filter unit Spording to any one of the
preceding clainms, characterized in that "said outlet passages (12, 13) have
a cross section of constant area throughout the length (L) of said filter
unit. 7. Filter unit according to any one of the preceding clains,
characterized ipn ~ . that said inlet ssages (1 1 and outl et passages
(15! 255y r dhakthe ool Zmumaistiy o e aPauHOTER (458a T accor di ng. t b any one
of ) t hedpr ecledi ng clOaiAier wWitadcaokditg weshy the btk maste?ﬂiriglblai‘msp&hﬁmgaﬁzécﬂﬂ,
11) and outl, S i ve, to each other so
that all of ’ﬁ%@éﬁ%’%ﬂgﬁ’{é‘%@%@ 3%&’ ﬁ'ﬁée@%ﬁgss{ggé%oﬁ/h) passes into
outl et passages (19, Flr unitjzocerdingsta 2hyi eneeef thagxweeasiggl Gainis] cha@btegzed-i | t er
unit accaqrdi; Yo FF=Y terized in JAN
2007 118 ht e o 8P B o G o Rl R BB °) o han 15%
10. Filter unit acorfdieigintacgadinghio ¥ty enfeobihequarsdinaFlaings chenaateseedr i zed
in that the jhakdt®aRf uRRNAITRLE Hpehbdis ahd dIRSILpSTOd0HT dafd LisfifatioRadktchd¥oovad -
Filter unit Eccqﬁﬁipg tofaq¥ one Pf @hﬁ ﬁéeﬁﬁding clainms, characterized 5
in that the PEWHENSEIROHFAY FRANORS{APa uidulHtion is greater than 5% 12
Filter unit accordingilter wityaceorirgf to drey gnieeokeithengecddingrsiainchghaaterizaed 1 n
that said u I i LodL G; . i sai d undul ation
extende Sver tigelaoRiefER hade §pRBded e TRFbL Seson 1 11T 7 18]
Filter unit accor didndilter kady intaedest for Rapapiicie Bitsrngharpeterized ipRbatdtineludesd 10

in that sai dyysdvbad hﬁ)j[\a&’tﬁlﬁdiﬁ?ﬁjwméiﬁhhéb@ggdih@c%ﬁﬁés section. 14. Filter

body intended for a particle Tilter, characterized in that it includes at

| east one unit according to any one of the preceding clains.




