1 Filter block for filtering particles contained in the exhaust gases of a
conbustion engine The invention relates to a filter block and to a filter
body formed by the assenbly of a plurality of filter blocks, used for the
filtration of particles present in the 5 exhaust gases of an internal
conbustion engine, particularly of the diestl type. Conventionally, before
being released to the open air, the exhaust gases may be purified by neans
of a particulate filter like the one shown in Figures 1 and 2, known in
the prior art. A particulate filter 1 is showm in Figure 1 in a transverse
cross section, al@Rg pick® 18 idfibd BetiBbAAR TR RIRYBaef dLHE 6 Leorfisioh"
Figure 2, in a | ong ' o g OTT el OT1g e cU g pr ane A- A
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cenment general | ' ; silica and/or silicon carbide and/or 20
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desired cross secti dhpaifigkiag féer bisshawn & Figwgnpina trapisuerse cross sedign, @ortown
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with the same SQOSPENG ohROrOUse RongygomiyrgEryctires. ngnveptinnallyl nagle  Hoph sARAENIC 13
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ceramic cement. The Seals 12, substantially gastight, are conventionally about 1 mm

thick. The ceramic cement generally consists of silica andfor silicon carbide and/or
20 aluminum nitride.

The assembly thus formed can then be machined to the desired cross
section, round or ovoid for example. The filter body 3 shown in Figures 1 and 2 has
the shape of a cylinder with an axis C-C. ‘

Among the filter blocks, a distinction is made between the internal filter

25 blocks 11i and the external filter blocks 11a-11h. Unlike the internal filter blocks 11i,
the external filter blocks 11a-11h are adjacent to the housing 5. Conventionally, a
material 12", gastight to the exhaust gases, is placed between the external filter
blocks 11a-11h and the housing 5.

Conventionally, a filter block 11a-11i is substantially a rectangular

30 parallelepiped, with length L, width | and height h. It comprises a plurality of straight,
parallel channels 13, adjacent to one another, and with the same square cross
section. The internal space 14 of a channel 13 is bounded by a side wall 17
terminating outwardly in an opening 19 and blocked, at the end opposite the opening
19, by a plug 20. '

35 Two types of channels are distinguished. The inlet channels 13e comprise a



term nating outwardly in an opening 19 and bl ocked, at the end opposite the
opening 19, by a plug 20. 35 Two types of channels are distinguished. The
inl et channels 13e conprise a 2 plug 20e on the downstream side 9 and an
opening W on the upstreamside 7. The outlet channels 13s conprise a plug
20s on the upstream side 7 and an opening 18s on the downstream side 9.
The inlet channels 13e and outlet channels 13s are arranged alternately, in
5 the width I and in the height h of the filter block. As shown in Figure
2, the exhaust gas streamF enters the filter body 3 via the openings 19e
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gases, and, for an outlet channel as well as an inlet channel, generally a large cross
section limiting the pressure drop during the flow of the gases in the channel.
However, a com_promise is necessary to take account of the size, weight and cost

20 requirements. To optimize this compromise, the filter is therefore adapted according
to the pressure drop permissible in its application.

Patent appiication FR 0104686, filed by the Applicant, also proposes a filter
body comprising a central part and a peripheral part having different channel
densities and suitable for balancing the pressure drop at various points of the filter

25 body.

Despite these improvements, a permanent need exists for solutions .
permitting a further reduction of the bressure drop across the filter while meeting the
size requirements.

The object of the invention is to provide a filter block suitable for limiting the

30 pressure drop resulting from the crossing of the filter by the gases.

According to the invention, this aim is achieved by means of a filter block for
the filtration of particles present in the exhaust gases of an internal combustion
engine, comprising a group of flow channels for said gases, each of said channels
being bounded by a wall provided with a filtration zone and terminating outwardly in

35 an opening, said group of channels comprising at least two channels of which the



30 pressure drop resulting fromthe crossing of the filter by the gases.
According to the invention, this aimis achieved by neans of a filter bl ock
for the filtration of particles present in the exhaust gases of an

i nternal conbustion engine, conprising a group of flow channels for said
gases, each of said channels being bounded3by a wall provided with a
filtration zone and termnating outwardly in 35 an opening, said group of
channel s conprising at |east two channels of which the 3 respective F/P
rati os between the filtration zone area F and the wall area P are
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channels of said filter block;

20 - said channels of said filter block being substantially parallel, adjacent to one another,
and classifiable as “peripheral” channels and as “internal” channels according to
whether they do or do not comprise, respectively, a nonfiltering zone exposed toward
the outside of said filter block, the ratio Oy/O; of the area O, of the opening of a
peripheral channel to the area O; of the opening of an internal chanhel adjacent to it

25 is between 0.2 and 0.75. Two channels are said to be “adjacent” when they comprise
a common portion of side wall, possibly in the form of a common edge. In the latter
case, the portion of common side wall is limited to a contact line. Preferably, when
said peripheral channel is a corner channel, that is, extending along a longitudinal
edge of said filter block, the ratio O,/0; is.between 0.2 and 0.3, and further preferably

30 is substantially equal to-0.25. Preferably, when said peripheral channel is a lateral
peripheral channel, that is, is positioned along a single side of the filter block, said
Op/0; ratio is between 0.4 and 0.6, and preferably is substantially equal to 0.5;

- the cross sections of said inlet and/or outlet internal channeis, in a plane
perpendicular to the direction of said channels, are all identical or are different
35  according to whether a channel is an inlet channel or an outlet channel.



case, the portion of common side wall is limted to a contact |ine.
Preferably, when said peripheral channel is a corner channel, that is,
extending along a longitudinal edge of said filter block, the ratio OP/ G
is between 0.2 and 0.3, and further preferably 30 is substantially equal to
0.25. Preferably, when said peripheral chamel is a |lateral peripheral
channel, that is, is positioned along a single side of the filter bl ock,
said 'O ratiois between 0.4 and 0.6, and preferably is substantially
equal to 0.5; - the cross sections of said inlet and/or outlet internal
channel s, in a plane_ perpendicular to the direction of said channels, are
al | identical or are \QerR@ntioR furkst iRiates tn AditeroPaml ditaadedafog A psrisulatesiltes,
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i nvention. In these Urawi ngs: - Figure 1 shows a particulate filter of the
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| ongi tudi nal crgss section along the " cutting plane A-A shown in Figure 1;
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c

a
per pendi ar gen%qg Sdirection C-C of the.channels, each side of the
section having a | efiguresL1 ahbie? hatiey baén desdribet Sn 25 irtroductivhe welshaliindly i n

openi ngs havi NBsfer to Figure 3.
The plugs 20s of the outlet channels 13s are shown cross-hatched.
A distinction is made between the internal channels 25 and the peripheral
20 channels 27. '
The internal channels 25 have a square transverse cross section, that is, in
a plane perpendicular to the direction C-C of the channels, each side of the section
having a length L,. The internal channels 25 terminate outwardly in openings having
an area O,. The four sides 25a, 25h, 25¢ and 25d of the side wall 17; of an inlet or
25 ~ outlet internal channel 25 are each adjacent to an outlet or inlet channel,
respectively. The area F; of the filtration zone of the side wall 17; is hence formed by
the four sides 25a-25d, and is thus substantially equal to the area P; of this wall.
Thus F/ Pz 1. '
The peripheral channels 27 comprise at least one side adjacent to the
30 exterior of the block. Among the peripheral channels 27, a distinction is made
between the corner channels 27’ and the side channels 27". The corner channels 27°
extend along the longitudinal edges 29 of the filter block. The side channels 27",
unlike the corner channels 27°, are positioned along a single external side 31 of the
filtter block. The corner 27" and side 27" peripheral channels terminate outwardly in
35  openings having areas O, and Op", respectively.



an area Q. The four sides 25a, 25b, 25c and 25d of the side wall 17; of an
inlet or 25 outlet internal channel 25 are each adjacent to an outlet or

inl et channel, respectively. The area F; of the filtration zone of the
side wall 17; is hence fornmed by the four sides 25a-25d, and is thus
substantially equal to the area P, of this sall. Thus F;/ P;- 1. The

peri pheral channels 27 conprise at |east one side adjacent to the 30
exterior of the block. Anong the peripheral channels 27, a distinction is
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and therefore equal_
and 27 therefore have areas F;’ and F,", respectively, formed by the other sides

27¢ and 274, and 27", 27." and 274", respectively, and therefore equal to L.2.I, and
20 L.(Lo+2.1;), respectively.

Let us consider a group of channels comprising at least two channels of
which the respective F/P ratios between the filtration zone area F and the wall area P
are different, for example, a group of channels comprising an internal channel 25, a
corner peripheral channel 27’ and a side peripheral channel 27

25 FpiPp # Fy'IPy" = FifP;

According to the invention, a channel of said group of channels has an.
opening whose area O is larger, the larger the area F of said fiitration zone of said
channel. Since F,’ < F,” < F;, we therefore have 0, <0y <O

Preferably, every channel of said group is conformed so that

30 ) 0.9"Ripreshold < O/F < 1.1* Ringesholds
where Rieshoid i @ threshold value, preferably further so that
(1) O/F = Ripresholg.
Thus, in a preferred embodiment of  the invention,

Rthreshold Op !F b= Op"/Fp" = O,/F, In other WOI'CIS, Rtl_'lresho!d = Ip. |p/(L2fp) =
35 hL(L(L#2.) = Ly LJ(L4.Ly), leading to I, = 0.5.L,. -



20 L. (Lp+2.1p), respectively. Let us consider a group of channels
conprising at least two channels of which the respective F/ P ratios
between the filtration zone area F and the wall area P are different, for
exanpl e, a group of channels conprising an internal channel 25,Ia cor ner
peripheral channel 27' and a side peripherab channel 27". 25 Fp'/Pp #
Fp'/Pp' s F;/P;, According to the invention, a channel of said group of
channel s has an opening whose area 0 is larger, the larger the area F of
said filtration zone of said channel. Since Fp' < Fp" < F;, we therefore

' f I h f said group is confornmed so
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the pressure drop durin %Idthe |tration of the gas is |lower than but close

to a pernissible |inm 5’§st8r”ée BRI A, Ao tiediang) Oyﬂﬁttqqurpﬁrpbcphaaﬁels geresalin| et
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filter all the tedienalitoe m@saarrwlr@ abibeiapgsingé dof Hee peripipdrar sharmRN Aiedrsby
t her eby causing an overpressure upstream of these openings and a detrimental pressure
drop. Moreover, the outlet peripheral channels, receiving less filtered gas than the
internal channels, have oversized openings. |
20 According to the invention, the area of the openings of the peripheral
channels is reduced to take account of the fact that the filtration zone, which does
not cover the entire area of their side wall, is itseif reduced in comparison with that of
the internal channels. ,
The flow rate of gas entering or exiting a channel being substantially
25 proportional to the area of the opening of this channel and the area of this opening
being adapted to the filtration zone of the channel, the invention makes the gas
velocities uniform in the various channels. The pressure drdp caused by the filter is
~ therefore reduced.
The adjustment of the openings of the peripheral channels results in a gain
30 in volume which can be exploited by adding additional internal channels. At
equivalent size, a filter block according to the invention hence gives rise to a lower
pressure drop than that caused by a filter block of the prior art. At identical pressure
drop, a filter block according to the invention is more compact than a filter block of
the prior art.
35 ' Generally, the incident gas stream is not uniform, and in particular, the



causi ng an overpressure upstream of these openings and a detrinmental
pressure drop. Mreover, the outlet peripheral channels, receiving |ess
filtered gas than the internal channels, have oversized openings. 20
According to the invention, the area of the openings of the peripheral
channel s is reduced to take account of the fact that the filtration zone,
whi ch does not cover the entire area of their side wall, is itself reduced
in conparison with that of the internal channels. The flow rate of gas
entering or exiting a channel being substantially 25 proportional to the

area of the ope hi s annel area. of this openi bei ng
adapted to the ‘?‘J P%I% BF E‘gﬁg ggas”.? g?f&ﬂthg?pe g ¢hinenles W“n‘gaﬁ% chanelas
vel oci ti es uni f@mennﬁdnme fiterr blocksarcidependisg of hite pratk®Lf thalfilep bloaki séhinke t he
filter is thergfppggy educed. The adjustnment of the openings of the

peri pheral channels résults in a gain 30 in volume which can be expl oited
by addi ng additional ribigrsitsation inndhesefope adisabiles td apply ez tormalasi(l) tamd (1) ock

according 50 t henly reJVae@ﬁoug I Bﬁél%lsgimﬂ%ﬁ té EShnkR édh@?ﬁﬁe 0‘9 nﬁﬁg%%@ s bjran

that caused by a fi|ter bl ock prior art pressure

‘drop, a filter $%ERABE P HVRY WBht‘%@Stan'Mt dgAtiGal mr@swaﬂp@r&lort Regssure.

filter block ofPrefeneblgrthergreud of danteises edrsford fRitdd®l SHRhel8 AsnitdiiRg ek
not uniform ar}g] 'eﬁ'\ R%rtl cular, the 7 pressure of the incident gas'is

di fferent depending on the | ocation of the channel concer ned in a filter
bl ock and dependi ng dieferably, duaDj/Byratié of diperipheta chirretis soch thap the filter

body. In gfpis S|tuat|oH it f s to apply the formul as
(1) and (I'l) 5 only tg a ro?gt*rﬁ?#ed%rfﬁ:e"l s¥l1| %thgd to channel s of which

the openings arée® &45‘*@(&‘0%%? th@a?ée%f)f terepesingi ofi atgintdroal chabral adiacant tp said

i denti cal Corrpqmnblhérﬂl éﬁbd'(n@f ;p]r @Stﬁé”eﬁ’ea oP1tied @ltARbY zohd of %raﬁluﬂté?ﬁalqh?gﬁ%{fy

|sthereforelggn¢eag’l J;@ n ter nati ng near one anot Y,
the OP/F. ratiac Bf &% AURSE INSHIA Fh?@e ifcA qhaarel of dhe ispme tgpeesmaid F
< Op/ FP < 1.1 ‘*pe€bhgrdl chanmélere O ; denotes the area of the opening of an
I I R T e M R
i nternal channéindisgown éh@mmhwaare brovidedrfor tiljustratics sl atte nonlimiting.
Thus, the invention further relates to a monolithic filter body. The filter block
could have any shape whatsoever.
' The cross section of the channels is not limited to the square shape. The
20 cross section of the inlet channels could also be different from that of the outlet
channels. The general shape of the cross sections of the peripheral channels could
further be different from that of the cross sections of the internal channels. The
transverse cross section of a channel could also vary periodically or not, along this
channel.
25 Finally, the opening of a channel could also not be plane or could not be
perpendicular to the axis of the channel.



peri pheral channel. 15 Cbviously, the present invention is not limted to

t he enbodi nents described and shown above, which are provided for
illustration and are nonlimting. Thus, the invention further relates to a
nmonolithic filter body. The filter block could have any shape what soever.
The cross section of the channels is not IiBnited to the square shape. The
20 cross section of the inlet channels could also be different fromthat of
the outlet channels. The general shape of the cross sections of the
peri-pheral channels could further be different fromthat of the cross

sections of the internal channels. The ;g&werse cross section of a
channel could also vary periodically or long this channel. 25
Final ly, the openi nglofiltgr blogk fas| the diltlatiom lof pantioles ipeesehtiinehe exicaust dasest ofbe

per pendi cul ar &Q |ﬁt%aﬁéﬁn§’otﬁﬁoﬂ B%i @%Bﬂﬁhsm uggn.@'dﬁoév cpghﬁélseforgélﬁﬁgfésoﬁ the

filtration of parti resent |nthe
conbustion engf® @neigfniﬁlcfgro,qa chchapels rl§*l""‘f§ |a5PRERIRA feward the owside whaseareag
S\Eannel ofs ;al (13 igrgequh@iargéraﬁ@ﬁltrandﬂ?ﬁdﬁé]gar?? opﬁﬁ@bﬁﬂaﬁep\&@rd%rbwc&ﬁﬁrﬁs@%t

ose area 5 i arger, the filtration zon
channel , said Zel'a8ﬁﬁq=5§)tn?ﬂ$glsﬁ ° Chﬁ"@ﬁ@tbc’éﬂ“f’?‘i bi’ "‘r’ﬂﬁﬂ"g"‘g‘eﬁrgﬁﬁ aé?lg’n?ﬂﬂ B,
bounded by wal respettively, progiisd auitk filratiam dorféis, whitteseas breviglayid Fprreypetadbipisoh
filtration zon bC t pis
i fferent hantEt PP Bafgem BAFeIR, ARENEEand EERREbh Rk e RRrd Rt b
i n openi ngs O INafRENDYS @e@iﬁb@b,lf@m%ﬁiveihalhawéﬂm@@m that.tfhaany bbsaidiiyst@ndsai d

first andg 10 §ma@h§m@ﬂ3§“ r0§|§ud group, (I) 0,9*Q/F, < OP/IFp < 1,1*Q
/F 2. Filter block accordi n(? to claim1, characterized in that (11) g F1

Op/ Fp 3. Filter blBkk accoV &g f@p’&my‘ b"@fe preceding clains,

characterized in thag. Filter blbek sdcomingAndlmRaooRbradianRelis ke i nternal and
peri pheral channels, (“ljespecti Y. Filter block according to either of

the precedi ng cl ai ns}”“characté iiié)d’ Pn that said group only conprises
channel s term nati ngB rfeitar back aacwding to ay. offhé pecedihg clines; charditedzddoin st one

|O];1I LPECEggﬁg?'sﬂﬁoﬂfétgdrq%ec%@ﬁﬁﬁ% hf}e‘%ﬂlerr#éq aﬁ@gé du?w%m cREMHAR, PRpYcRk@PT | Ses
[¥llter block according to either of the preceding claims, characterized in

that said group only comprises channels terminating near one another.
5. Filter block according to any one of the preceding claims, characterized
in that said group only comprises inlet channels, or only outlet channels for said
20 gases.
6. Filter block according to either of claims 1 and 2, characterized in that
said group comprises all the channels of said filter block.
7. Filter block according to any one of the preceding'claims, said channels
of said filter block being substantially parallel, adjacent to one another, and being
25 classifiable as “peripheral® channels and “internal” channels according to whether
they do or do not comprise, respectively, a non filtering zone exposed toward the
outside of said filter block, characterized in that the O/O; ratio of the area O, of the
opening (20e,20s) of a peripheral channel to the area O, of the opening of an internal
. channel adjacent to it is between 0.2 and 0.75.
30 8. Filter block according to claim 7, characterized in that said O,/O; ratio is
between 0.2 and 0.3, and preferably is substantially equal to 0.25. |
9. Filter block according to either of claims 7 and 8, characterized in that
said peripheral channel is a corner channel. | -
10. Filter block according to claim 7, characterized in that said OO, ratio is
35 between 0.4 and 0.6, and preferably is substantially equal to 0.5. |
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20 gases. 6. Filter block according to either of clains 1 and 2,
characterized in that said group conprises all the channels of said filter
bl ock. 7. Filter block according to any one of the preceding clainms, said
channels of said filter block being substantially parallel, adjacent to
one another, and being 25 classifiable as %peripheral” channels and
"internal" channels according to whether they do or do not conprise,
respectively, a non filtering zone exposed toward the outside of said
filter block, characterized in that the /G ratio of the area O of t he
openi ng (20e, 20s) of K he_ o e g of
an internal channel ﬂdﬁg{:éé[r%{b%%g&comﬁi&béﬂth%%“%mgﬁaﬁg% %a% At er
bl ock according to clsaidnPeripheralehannel i adaterah peripheral ghahngb/ O, rati o | s
between 0.2 and 0.3, 1@n¢u@f9foek a@édfduh§to$é&%56r?er%f'tﬁé baéc@m Elaﬁﬁé Qh%%cteﬂ%%d

Filter block accgﬁﬁ Hg to either of al s c erize

sai d peri pher al SHRIHAEICTOSS SECUBMT 8t saifl dpliplepnd/eioutist |*mtemabpl@we5c@baonlw to
cl gi m 7f cfhglr aq:teepermleﬂla'tbmbaillreétﬁmdﬁlﬁﬁél@w%ﬁr%td ard §|Nr Sgéﬁgﬂ.et Wegn 814 la:mfj 0.6,
and preferably is suhst equ 0 0.5, A ilter
bl ock according to e|qt§h e*Eﬂogkg?(%)ﬁgg ngYePne ‘?%NE'H'E gft‘? ngc-l:iaF?cfeH‘ngd nsthph
peri pheral charihgkross sactloas of said péem{dhézaalhels:,halanﬂane peZperididutae to theaditection
according to any

o 055 seat] ong T TaRA Al are U ARl W wnERE A Shter B R iBelie
per pendi cul ar % quijet ‘HﬁaF'@?Jtl on of said channels, are all i dent| cal . 13.
Filter bltrk according, Fmearubdgarmtaﬁuec\ioa'ﬁaﬁlcfu&teﬂfutemﬁ{a%a@rrzbg th@t .that
the cross sections .of @ @{ gb channel's, in a ane £ﬁb icu

the direction CSFPUSHSF ef?éﬁﬂ’ésf er Qiogk GFQW@P%Fﬂa'HcQ!@rQWFﬂf’ﬁBe ¢laEs. a
channel is an inlet channel or an outlet channel. 10 14. Filter body
suitable for a particulate filter, characterized in that it conprises at

| east one filter block according to any one of the preceding clains.
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