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(57) Abstract: A system and method for removing retentate from filters is disclosed, which utilizes pressurized and/or vacuum fluid
through localized application. The disclosure describes a cleaning system and sequence of steps for carrying out the cleaning pro -
cess, whereby, a fluid is directed to flow through a localized region of the filter media, thereby dislodging and removing accumu-
lated retentate from the filter. In addition, the localized applications of fluid flow allows for localized monitoring of the cleanliness
of the filter with a high degree of spatial resolution. This filter retentate removal system and method is broadly applicable to a wide
range of systems and processes ranging to engines and exhaust systems to production plants and equipment.
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Filter Ratantate Renoval Svstenm and Method

This application claims priorvity of U.S. Provisional
Patent aApplication Serial No. 62/07%,54% filed November 13,
2014, the disclosure of which is incorporated herein by

reference in its enbtireby.

Thig invention was made under Contract Number NSP IIP
1830444 with the National Science Foundation., The Nationsl

i

Science Foundation has certaln rights in the invention.

BACEKCGROUND OF THE INVENTION

Particulate £ilters are used in a wide wvariety of
situations and systems in order toe both capture material or
retentate and to countrol the compesition or characteristics
of the output £luid. The akility to effectively remove
particulate mattey collected within filters allows for the

extension of their usable life as well as the ability to
reinstall and reuse the filters. This invention relates to
a gystem and method for removing and collecting trapped

atter or retentate from a filter.

Examples which i1illustrate the broad applicability of
particulate filter cleaning systems incliunde commercial and
passenger diegel particulate filter systems, gasoline
particulate £ilters, and industrial Processes and
applications where particulate matter or retentate from any
effluent gtream ({(solid, iguid, or gas) must be controlled

oy minimized,

Ona particular example Ainvolves particular filters,

such as diesel or gasoline particulate filters, where
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retentate collects in the filter and must be periodically

e

dislodged and removed, Any filrter or retentate collection
media or system, owever, would be a <¢andidate for

automated cleaning with this method.

The particulats filter is usged to reduce or eliminate
certain undesirable particulate substances from the exhaust

of diesel or gasocline powgrea“vehicleS or eguipment and

power systemg. In thisg instance, soot and ash may build u
within the filter, Soot, which 1s carbon-based, is

pericdically oxidized by means of a regeneration process
whereby the temperature of the filter is raised in order Lo
facilitate the reaction of socot with oxygen, nitrogen
dioxide, or some other oxidizing agent, This all

cxidized carbon~-based szoot to leave the fllter as carbon-

h

oxide byproducts. Ash, however, consists of incombustible

}..)
byl

material, largely metallic oxides, sulfsteg., phosphates,
and other materials, which camot be oxidized Lfrom the

filter. The filter must be periodically removed from the

3

engine, egquipment or machinery and cleaned.

Currently, cleaning methods invelve a combination of

®

presgurized air, thermal oleaning, liguid-based washing,

vibrations, and other relsted meansg, Specific to ceramic

R
A

particulate filters, which are generally of a celiular

honeyvceonmb-type design, with a plurality of chanumels blocked

at  alternating ends, the most common cleaning method

i

nvolves a combination of thermal cleaning and reverse-flow

pressurized air. Thase systems generally consist of &
nozzle, which traverses at a given height over the outler

surface of the filter. The nozzle blows pressurized ailr at

the back face of the filter, which dislodges deposited ash,
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causing it to migrate to the front of the filter and fall
. Another pernmutation of pressurized ailr cleaning
involves a pulsed flow bench whereby pressurized a
forced through the entire filter from the oublet face in an

unsteady fashion.

While moderately succeassful, these methods have nmany

disadvantages, which the present in
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the case of the traverging nozzle, there is no seal created
&

hetween the nozzle and ¢h Ter. Therafore air is not

e ¥fil
forced directly through the filter, but may instead take

Jot

rhe path of least resistance. This path is oftentimes
around the filter, or away from the filtver, rather than
through the clogged filter element or channels. In the
case of the pulsed flow technigue, an end cap is fitted ko
the outlet of the filter and pulsed alr is forced through
the entire filter at once. The effectiveness of this
method is limited by the fact that, once agsin, the air
will take the path of least resistance {away from the

clogged  regions). This resulfts oftentimes in entire
secticons of the filver being left unaffected by the

cleaning process.

A further limitation of available clesning methods is
a lack of in situ information Lo quantify the retentate
lavels in the filter {or degree of clogging! during and the

cleaning procesg as well as the cleanliness of the filter
2

after oleaning. Local clogs and defects are oftentimes
invigible to the cleaning process It igs further desirable

to  ascertain the guantity or chavacteristics o¢f the

retentate inside the Ffilter to optimize the cleanin

02

paramaters to most efficiently c¢lsan the filter.

o

es

327
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In gitu knowledge of retentate Jlevels r the extent of

filter clogging also allows the oleaning processes to be

ot

terminated once the filter is clean, rather than for a pre~
deternined ampount of time, as 13 currently the case with

most cleaning systems.,

Another limitation of current prneumatic or alr-flow
cleaning technigues is the large energy and infrastructurs
regquirenents of the vechnigues. For sxample, a non-contact
air nowzie or air knife approach may loose considerable
amount of the air in the nozzle to the surroundings. In
gome examples these svstenmg may operate at flow rates
ranging from 20 scfm to 120 gscefm or more and nozzle
pregsures of 100 to 150 psi or more. These aystems reguire
large and expensive aly compreassors, ags well as  air
handling and conditioning systems. Ag these nozrle~hased
cleaning processes do net contact or geal agalinst the
filter, much of the high pressurs ailr ig deflected from the
filter surface, flows around the filter, Llows at low
speeds through the filter in regions remote from the
novzle, or follows the path of least resistance through
regions of the filter which may be c¢lean or minimally
clogged. Not  anly do  these systems produce inferior
regsults, bub much of the ailr isg algo wasted in the process.
The present invention creates a seal arocund the surface of
the filter, directing high pressure alr flow locally
through clogged rvegionsg of the filter, thus producing

superior resulte with lower system costeg, infrastructu

Jead

reqirements, and less wasted energy.

Pulged flow methods, which direct a pulse of high

pressure comprassed aly through the entire filter wolume
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reduce alr losses from escaping the filter, but alsc

reguire large and gxpensive air COUMPresSsSors and
infrastructure. The high pressure also may present a
safeby hazard and produce loud, ndesirvable r"explosiver
sounds . The sudden purst of high pressure pulses also

introduces additional rigk for retentate leakage and sgcape
o the work envivromment, which presents a health and safety
hazard. Furthermore, although the maximum pressure and

flow rates of thege sgystemg nay be high, the local flow

3

through the individual channels is low {given the large
filter area subjected to the flow) and also follows the
path of least registance. Himilar to the air nozzle

approach, pulsed cleaners also suffer from ilnconplete and

inefficient retentate removal from the fi

alternative cleaning approaches, such as wet cleaning
methods with chemical solutiong, water, or even ulbtra-sonic
cleaning, using a liguid to couple the ultrasonic waves to
the filter, are =zisc usad. These c¢leaning methods suffer
from limitations imncluding chemical incompatibilities with
certain filter media, oy incompatibility with specific
filter componants {(such as the fibrous matting in the case
of certain btypes of particulate filters, for example).
Additiconal limitations of wet cleaning systems include
additional steps to dry oy remove the cleaning liguid or

golution from the filter following cleaning, as well as the

g s

recyeling or digposal of the fluid itself.
The above-~listed ewamples highlight the nesed for an
improved process of disledging and removing particulate

<

mactery oYy retentate collected on or in the filter nedia,
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which will have congideraple utility for s broad range of

applications and fields of uses.

The filter retentate cleaning system and method

described in this closure enables direct and highly-

1]

localized, forced alr coleaning of filters to sfficiently

remove the collected retentate pmeadia. It also allows for
the c¢leanliness of the filter or retentate nedia Lo ke
guantified, on a leocal level and in the aggregats, before,

during, or after the cleaning prooegs.

SUMMARY OF THE INVENTION

Lo

The present invention Iig irected to a system for
removing retentate from a filter comprising means for
applyving a fluid to one or more locallzed regions of the

filter for dislodging and removing the retentate from the

one or nore localized regions of the filter.

In one soaboediment, the means for applving the £luid to
vthe one or more localirzed regions of the filter comprises a
fluid nozzle which seals againgt the one or more localized

regions of the filter,
In one anbodiment, the syetem further compriges an
actuation mechanism for locating the fluid nozzle at the

the filter.

ot

one oY more localized regionsg of

In one sabodiment, the actuation wechanism movesg the
filuid nozzle in two dimensions and comprises a spindle
rotatable aboub a central axig, a linear housing attached

to the spindle, atbt least ang linear besaring rod mounted on
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rhe linear housing and a carriage, the nozzle being mountad

inear bearing rod along with the

bt

to the carviage, ths
linear actuator allowing f£or the back and forth movemsnt of

the carriage and the nozzle mounted to the carriage.

In one embodiment, the system further comprises a
vertical actuator for moving the fluild nezzle in a third

dimension.

s

In one ambodiment, the means for applving the f£luid to
the one or more localized regions of the filter comprises 8
manifold with one or more wvalves in concert with one or
more conduits contained in a conduit housing that ssals
againsgt the filter, the one or more valves being adapied to
open and close toe allow £iluid to flow through the one oy

moyre of the condults corvesponding to the one or more

bete
bt
oF
e

lovalized regions of the £

In one embodiment, the means for applving the fiuid to
the one or more localized regions of the filter ig located
at the inlet or outlet of the filter and further comprising
means abt the other of the inlet or the outlet of the filter
for applyving a vacuum ©Or pressurg to the one or more
localized regions of the filter comprising another manifold
with one of more wvalveg 1in concert with one oY morse
conduits contained in a condult housing that ssals against
the other of the inlet or ocutlet ¢of the filter, the one or
nore of valves being adaprted to uopen and close to apply a
vacuum or pressure through the one or more of the conduits
carresponding to the one or more localized regions of the

filtar.
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In one epmbodiment, one Or mMoreg sSensorsg measurse the
amournt of the rastentate in the one or nmore of the localized

regions of the £ilter

directed to a method for

ot
0
o

The prasent invention ig &

s

removing retentate from a f£illter comprising the step of
applyving a f£iuid to one or more lovallized reglons of the
filter for dislodging and removing the retentate from the

one or more localized regions of the filter,

In one embodiment, the method further comprises the
stepg of stopping the fiow of the fluid through the one of
the localized regiong of the filrter following the lapse of
a predetermined amount of time, moving the nogzle to the
other localized regions of the filter, and repeabing the
steps above for each of the other loralized regions of the

filter.

In one enmbodiment, the method further comprises the
steps of measuring a parameter in the one of the localized

raglions of the filter following the lapse kil a

predeterminad minimum amcunt of time, stopping the ficw of
the fiuid through the one of the localized regions of the

filter 1f the parameter 1s at a redeterminsd  value
following the lapse 0f the predetermined minimum amount of
time, woving the nozzle to the other logallzed regions of
the filter, and repeating the steps above for sach of the

<

other localized regilons of the £ilt
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In one embodiment, the methoed further comprises the
steps of continuving the flow of the fluild through the ons
of the localized regions of the filter for a predetermined

maximum amount of time 1if the

paramateyr in

> b
) Eal o T
e

the one of

localized regions of the filter ig not at the predetermined

value following ths

amount of time,

lapse of the

stopping the flow of

predeterminaed minimun

the fluid through the

one of the localized regions of the filter 1f the parameter
in the one of the localized regions of the filter is ab the
predatermined valug following the lapse of the
predetermined maximum amcount of time, rvepeating the gteps
above for each of the other localized regions <of the
filter.

In oune ambodiment,. the mnmethoed further compriges the
step of repeating the steps above if the parametsr in the
onne of the localized regions of the filter ig not at the
predetermined value following the lapse of thea
predetermined maximum amount of time,

In one embodiment, the paramster is rate of flow of
the fluid through the one oy more of the localized regions
of the filter and furthey comprising the step of stopping
the flow of the fluid through the one or more of the
localized rveglons of the filter 1f the rate of flow of the

fiuid iz above a predeterminsd

lapse of the predetermined amount

threshold foellowing the

of time,
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vt
o
Y

In one embodiment, the method further comprises

S

step of conducting a thermal regeneration of the filter.

N

Iin one sesmbodiment, the method further comprises the

izead

fordt

step of ingpecting and analyzing the one or more local

lowing the step of

}..J

regiong of the filter pricr to and/or fo
applyving the fluld to the one or more localized reglons of

the filter.

In one embodimpent, the step of inspecting and
analyzing the one or mnore localized regions of the filter
comprises the step of measuring one or more of the filtex
weight, retentate volume, £ilter channel length, retentate
composition, or location of retentate in the one or mors

localized regions of the filter.

additional benefitg and advantages of the ypresent
invention will become apparent to those akilled in the axt
to which the present invention relates from the subseguent
desoription of the enbodiment and the agppended claims,

taken in conjunction with the accompanying dvawings.

BRIEF DESCRIPTION OF THE FIGURES

FIGURE 1 represents a fillter retentate removal sygstem
¥

neing an actuated, pressurizsd nozzle;

FIGURE 2 reprasentg a pressurized fluid supply, which

sealsg against a portion of the filter mediwm;

10
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FIGURE 3 represents an automated filter retentale

removal system using a valvaed manifold in concert with a
fluid conduit bundle oo both ends of the £ilter medium

FIGURE 4 represents an exangle flow chart illustrating

ne posaible cleaning method using a positioned nozzle with

&

&)

vime and flow meagurement [eedback: and

PIGURE 5 represents an example flow chart detalling a

cleaning process.

DEPATILED DESCRIPTION OF THE INVENTION

PIGURE 1 depicts one sambodiment of an automated f£ilter
retentate removal systenm using a combination of pressurized
fluid applied through & nozzle 114, which seals against a
portion of the f£filter mediwn 102, Automation in this
embodiment 18 achlieved through an agctuation system 120
where the nozzle is physically moved, though it could also
be achileved by other means such ag a valved manifceld or s
fluid conduit cluster, or sven by manual meang in ancther

example.

an actuation mechanisn 130 is depicted in FIGURE 31 fov
the purposes of physically moving the nozzle 114. In one
smbodiment, a spindle 116 rotateg about a central axis by

means of an actuabor 1248, such a8 a3 stepper mwotor, bhut any

[
S

actuator may be used, Attached to the spindis 11§
linear housging 188 onto which one or mere lineay besring
rods 188 are mounted. These rods 188 along with a linear
actuator 3122 allow for a carriage 1310 to move back and

forth. Since the linear housing 310§ rotates and the

11
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carriage 110 traverses the physical position of the
carriage 110 may bs moved to any location in & two-

dimensional planayr space.

The actuation wmechanisn 120 in this embodiment allows
for location of the nozzle 114 in two-dimensional, polax
coordinate space. However the device could usse any
conrdinate system oy combination of actuators for the
purpose of moving the nozzlie, and any coordinate system.
This could inciude, for example, a two-dimensional linear

actuation stage where the nozzle is moved in the x and vy

i

direction, as described by Cartesian coordinates. In thi

i

snbodiment, stepper motors 1232 and 126 are used to move th
nozzle to precise locations. Alternate actuation methods
may be emplayved including direct current motors with
position feedback, angular poeositioners with encoders, rack
nd pinlon systems, pneumatic or  hydraulic coylindsrs,
linear wmotors, or any other means of linear and/or
rotational actuation. In general, any method for scamming
the surface of the filter beling cleaned can be used, at any
one time performing the cleaning in a localized region. In
anothery embodiment, the nozzle 114 may be fixed, while the
filter medium 102 is moved or rotated to achieve the szane

aaull.

In this enbodiment, a vertical actuator 1312 ig mounted
to the carriage 118 in order to move a nozzle 1314 in the
third dimension. The actuator 112 alsoe contains, and is
powered by, a pressurized fluid supply 124, but may be
powered by a solencid, screw, or other mwmeans and the

pressurized fluid supply may be housed elsevhere.

12
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In another embodiment, the two dimengional action
machanigm 120 and vertical actuator 112 mavy be combined
inteo a =zingle system having three degrees of fresdom. Iin
ancther example wultiple actuation systems may be  used.
Any positioning or actuation syvstem or assembly may be
emploved to modify the position ¢rxr orientaticon of the
rozzlie 134 relative to the filtey medium 182 provided that

the nozzle 114 is sealed against the filter mediwn 102 for

fudn
L]

all or a portion of the tinme v whiich the sgystem is in

operation.

The filter medium 302 nay be mounted below the
actuation mnechanism 1230 so that the nozzle 114 moves In &
plane above 1tz szmurface. The actuator 112 acts to lowsy
the nozzle 114 to the surface of the filter madiuwm 102 szo
that a seal is created betwsen the nozzle 114 and the
filter 182, thereby forcing the pressurized fiuvid to flow
through a locslized region of the filter 182 at high
velocity. The supply pressure may depend largely on the
specific gesometry of the embodiment, properties of the
filter medium, and desired flow rate and condition. ¥ox
sxwanple, the fluid supply may rangs from 25 peig to 200

gig. The £iluid suppl may  bhe  ateady, rangisent or
= J 2y

In another ambodiment, the nozzle 114 may be mounted
below the filter medium 102 or two nozzles 114 may bs used
with one nozzle above and one below filter 114. In another
embodiment, multiple nozzles 114 may be used and actuated
in gervies, pavallel, or sowme derivative thervecf. One of the
flows will ke in the reverse dirvection of the main flow

when the filter isg in use,.

13
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Supports 104 for the filver medium 3162 sre degigned

such that the removed retentate ig able to be ejected

hrough the oppesite side of the filter 182, This
retentate may be either discarded or pllected and
analyszed.

Retentate removal may or may uaoh include the use of
vikrationg in order to dislodge particulates matter from the
filver i02 or collection medium. When vibrations are used,
they may be applied esither directly or indirectly to the
filter mediwn 182, That ls, a vibrating =lement 118 may be
gffixed directly to the filter medium 182 as shown, or may
be applied indirectly, ither through the cleaning stand
104, to the actuator mechanism 106, through nozzle 114, via
the enclosure or by =some other means. Vibrations can
either be applied before, during or after pressurized
fluidic <leaning, or any combination thereof. In this
embodiment, wvibratlions are applied during cleaning and may

a3
ot

rangs in acceleration from 10 ¢ to 200 ¢, where g is the

acceleration dus o gravity. However, any vibkration levels
and frequencies may Dbe used, including ultra-sonic

freguencies in one embodiment.

In another erxbodiment, the filter medium 102 may be
moved or itg position adiusted with respect to the nozzle

114 so  that localized fluid may ke applied. This

Ot
s
[
»«!

embodiment could include a g nary nozzle with a moving,
pogitionad filter medium, or some combination of nozzle and
filter position control

Current filter c¢leaning technigues that utilize

pressurized fluid involve global flow of the fluid through

14
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the filter or movemant of a nozzle over the filter in two-

dimensional space at a given height over the filtsr to be
cluaned. Filuid may therefore take the path of least

regilstance over a large area, which is a prime disadvantage
of these technigques. FIGURE 2 illustrates & solution to
this problem, whereby a unoezzle 204 is lowered, by means of
actuation, and ssals on the sgurfacs of the filtesr 202.
Fressurized fluid is therefore forced to flow from the

nozzle 204 through the filter medium 202, thus preventing

1}
s

preferential flow through already c¢lear paths, or flow

¥

around or away from the filter 202 itgelf.

In the illustrated enmbodiment, the nozzie 204 iz
lowered in the dirvection normal to the filter surface 20§6.

A gasket or ring s=al 208 nay be uged to lnprove the sgeal
between the nozzle 204 and ths filtexr 202. Pragsurized
filuld is then directed to flow through the nozzle 204 in
the direction normal to the filter surface 206 and through
the filter medium 282. The flow rate through the nozzle

N

202 may be varied and depends heavily on the supply

]

gy, In

b

pregsure and cleaning media {gas, liguid, or soli

his embodiment, for sexample, flow rates may range Lfrom 10

ot

w

\

sefm to 150 scofnm depending on the supply pressure, nozzle
284 size and properties including cleanliness, of the

filter medium.

In ancther embodiment, the filter 202 itself may be
moved or positicned so as to seal itself with the nozzle.
This embodiment may allow for positioning of the nozzle,

filtration medium, oy some combination therecf.

15
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FIGSURRE 3 illustrates an alternate enmbodiment of the
device uging actuation via a valved manifold 308 in concert

-

with a fluidic conduit cluster in orde:

]
T
L
¢

obtain spatial

LS

positioning on the surface of the

Fh

ilter, and may avoid
complately or partially the need for additional actuation
systems to wmove the position of the cleaning noszles

raelative to the surface of the filter.

In one enmbodiment, the filter medium 302 may be [ixed.
On the filter exit, or top side ag shown here, is attached
a condult housing 304. The housing 304 sealg agsainst the
filter 302. In one particular embodiment, the housing 304
may consist of a series of through-holes, which allow for

fluid to pass through into the £ilter 382, and which may be

.I‘

fixed or adiustable. The housing 3084 alsce containg a

-

cluster of fluld condult 306. The conduit 308 transfers
pregsurized fluid from a valve-actuated manifeold 308 to the
housing 304, The valve-actuated manifold 308 is supplied
by a pressurized fluid supply 318, In ancother embodiment,
the filter medium 382 may be moved or its position adjusted

in relation to the condult housing 304.

In one enbodiment, fluid flows from the supply 3108 to
the manifold 308. & valve or series of valves 314 open and
close to allow fluild to flow through a particular conduit
306 corresponding to & particular location on the surface
of the filter 302 via the condult housing 304. By sealing
the housing to the filter through the use of a gasket or
other nmeans, it is ensured that the fiuid travels through

«

the filter at that particular logcation, Thexr

‘1)

yEore,
localized control of the fiuild flow is ensured through

3

valved actuation, rather than by pesition control,

16
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Alternatively, this configuration wmay be used by
applying the system to the inlet of the §filter ag
illustrated by the bottom surface of the filter 302 in

FPIGURE 3. In this instance, the housing 384 would sea

,,,5
.
2

means of a gasket or other means e the inlet of the
filter. Conduit 3086 would connect the housing to a second
valved manifold 398 with a wvalve or geries of valves 316.

a1

et

However, in this instance, the manifold would be supp

with a vacuum source 312 in one epbodiment or a pregsure
gource in another enbodiment. In one embodiment th

@
presgure  sourcs may be utilized to detect leakage of

retentate through the back of the filter or generate
1

curbulence o enhancs retentate removal from the filter
The use of forward flow for leak detection may or may not
employ a ¢ollection of conduits bub may be via a single

3

noRzle,

-

In ancther embodiment, vacuum oould be applied to

gpecific locations on the inlet face of the filter medium

302 through the uwse ©of the wvalved manifold 308 in concert

-

rith the conduit bundle 306 and housing 384, Fiuid

Q,
2
’A{'!
o
&

directad to flow to the vacuum supply 312 from the manifold
388, A& wvalve or geries of valves copsn and close to allow
fluid £o flow through & particular conduit 308
corresponding to a pavticular location on the surfasce of
the filter 302 via the conduit housing 304. By sealing the
houging to the filter through the use of a gasket or other

means, it iz ensured that the fluid travels through the

3

filter at that particular location. n this embodiment one
of the two sides may include a gingle condult rather than a
cluster of conduitis. That is, pressurized fluid from the

supply 318 may be directed by the valved manifold 388 with

17
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12

a valve or series of wvalves 31¢ locally through a conduit
cluster 308 on the back face of rthe filter 302 while vacuum
te drawn through a single conduit 306 on the front face.
Alternatively, pressurized fiuid may be directed to the
Filter 382 wvia a single conduit 3086, while wvacuum is
locally agplied to the front face via a condulit cluster 306
and a valved manifold 308 with a wvalve or series of wvalves
318,

Using the wvalved acrtuation method as illustrated in
PIGURE 3, any combination or configuration may be used.
Pressurized fluid may be aspplied to the back of the {ilter
medium, fluid at negative gauge pressure may be applied to
the front face of the filter medium, oy any combination of

pregaure and vacuum may be utilized,

In another embodiment, the filter medium itself may be
moved or pogitioned g0 as to direct fluid logally through 3
apecific region or regionsg, either with pressurized f£luid
or  vaguum, or some combination therveof. This sxbodiment

may also include a combination of actuation and valved

&

manifolds to produce the same localized application effec
with presgure, vaguuwm, or some combination thereof,
One gignificant advantage to the current invention ig

the ability to locally measure flow properties, general

health, cleanliness and other properties of the filter
medium. Current filter cleaning technigues may only

provide information relating to the overall flow resistance
of the filtey, if at all. However the current invention
allows for the aneasurement of flow  and oleanliness

.

characteristics in  specific filter locations. Thesze
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PN

measurements may invelve the addition of pressure and/ox
filuid flow sensors in line with the pressurized £luid
supply, or other means o©of measuring the flow through ths
system. AR each location, flow neasurements may be made in
order to identify clogged (low flow) and <lean {(high flow)
locations, or even damaged regions, with sither wvery high
or very low pressure differences. Additionally, the length
af time at each location may be varied in order to optimize
the retentate removal process. Flow and pregsure
measurenants may allow for predeterminad or in-gitu dwell

= +

rimeg of the nozzle and fluid flow at =ach iccation. In

;..J

the latter case, flow measurements may be used to signa
when coleaning at a given location ig complete depending on

when the flow increasesg past an acceptable thresheld value.
Pragsure, flow, and dwell time information may be used to
congtruct a flow map of the filter, which would assist in
locating areas reguiring further cleaning and inspection.

regions with

{»n
ot
.
O
st
O
b 11

Such a map provides a spatial indica

high or low flow restriction, indicative of clogged regions

or failed regions, respectively.

With reference to FIGURE 1 ong ©r Dore pregsure
sensors and one or more flow sensors may be mounted in line
{or in fluid communication) with nozrle 1314 and conduit 124
in order to measure the pregsure and flow in conduit 124.
The pressure and flow sensors may be one and the same or
geparate. Ay tyvpe of pressure gensor and any suitabkle
flow sengor, oy flow nmeasurenant system or method, may De

used.

»

Another embodiment may include a nozzle that 18

o
i

1t
adijustabls. When areas are identified at reqguire further
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cleaning or more localized cleaning. the nozzle dinmensions
may be adjusted so as toe modify the flow properties
including bub not limited to flow rate, velocolty, and sonic
condition, by adjustment of the upstream pressure or the
nozzle geometry. Nozzle dimensions may be adijusted to the
specific application size or to address the clog. These
adijustments may include changes to  the exit diameter,
throat diameter 1f one exists, noszle crogs-sectional
shape, or cambination thereof. Adijustments btoe the nosgzle
shage and size may be related to the oW measurements or

£1
may be performed as part of a cleaning procedurse.

Cther advanced sensing technigues may also be used in-
zitu for determining the current or instantansous retentate
levels or oclogging. One  such example may be radio
freguency sensing 1in  order to determine instantansous
particulate matter loading within a ceramic filter, though
any vetentate sensing technigue may be used on amy filter
subgstrate, including optical {(light-based), x-ray, and

cther technigques.

FIGURE 4 represents a f{iow diagram illustrating one
possible filter retentate removal method using & position-
controlled nozzle along with time and flow nmeasurement
feadback., At any given location, the nozzle residence time
may he tracked along with the instantaneous flow rate. As
long as a3 minimum residences time or nozzle dwell time has
been reached and the Instantanecus flow at the given
location iz above a threshold wvalue, the nozzle would be
allowed to move to a subseguent position. In addition to
flow rate, presgure may also be used {(where the coriteria

wourld reguire the measured pregsure t£o be below a threshold
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value) or any other suitable parameter may be used. & map
of  the cleaned filter c¢an be gesnerated to indicate

potential regions for cleaning oY ingpection, in

e

particular, in the cagse of fractured walls in the £ilter
that decrease the filter efficiency. In ancther sxXample
the map may indicate regions of high flow restriction or

clogging within the filter.

In one exemplary method and embodiment, the filter is
first mounted 4982 dinte the cleaning apparatus. The

cleaning process 1is initiated 404 whereupon the pozzls
moves to its starting position 406, At this point, the

main cleaning cycle may begin.

The nozzlie ig first lowsred onto the filter substrate
408 and a seal ig crested bebween the norzle and the

%,

filter. Once a seal 13 created, flow ig initlated through
the nozzle into the filter 4310, Afver flow ig initiated

“

418, the progess begins to wmeasure the flow rate through
e

the nozgl and into the filter 4314. In parallel, the

provesgs regquires a specified incremental wait period 4123.

in]

Thig nmay be predeterminad and allows for the £luid to
loosen and eject some of the trapped retentate., After the
specified wait time 412 hag elapsed, the process reguires a
logic condition 416 in order to detesrmine whether a minimum
oleaning time has been reached. If the time has not besn
reached, the process returns to the wailt condition 432, I
the minimum time has een resched, the process may movae on
to a second logic condition 418 in order to determine

whether the flow or pressure through the filter has reached

ot

an acceptable threshold. At thisg point, if the flow is no

gufficlient to suggest a clean section, the process may nove
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on to a third logic condition to determine if the rvesidence
time at that particular locabicn has reached a csrtain
upper value 42¢. If this iz not the case, the procass may

:

return ©te  the walt increment where the seguence 1is
repeated.  If either the flow is above the threshold limit
418 or the maximun time has elapsed 420, the process may
move on toe stop the flow 433, At this point, the nozzle
mnay be raised 424 and the process may proceed to its final
logic condition 428 to determine whather the anbire
cleaning process has completed. If nob, the nozzle nmay
move o the next poesition 428 wherehy the procegs may e
repeated at the next subseaguent locabion. Otherwise, the

process may be complets and may be terminated 430.

This embodiment descoribes both minimum 418 and maximam
420 residence times for esach location on the filter. It
also may ubtilize a measured guantity such as fiow rate 414
in order to determine the flow resistance of the filter atu
that particular logation, but may be sny quantity incluading
pressure. However in other embodiments, different measursd
guantities may be used in order to determine residencs
Clmes at each location. Such guantities may include global
or apatially specific parameters such asg back preagsurs, =«
ray analvsis, radio-ireguengy interrcgabion using rasonance
oY non-resonance means, welght measuwrements, light or laser

transmigsion or absorption measurements, ultra-sonic flav

Z

detaction, acoustic measurements, tershertz measurements,
or any other sulitables oeasurement sgysbem. Altermatively,
the process may invelve a fixed residencs time at each
location without the use of & measured guantity for

faedback.
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PIGURE B shows & flow diagram of on exemplary

4]

embodinent of a filter cleaning process. The steps can be
executed using the systems and mnethods described in
reference to Fig 1-4 or any other sultable clsaning system.
In & first step 310 the filter 182 is received and
information ig recorded which wmay include the serial
number, part number., £illter size, geometyy, material, or
any other identifving or relevant information. The

information may then be entered into a database o recorded

1

hy any sultable means in & subseguent step 5§i3. The
recording may be manual or sutomated, such as by scanning

or image processing on ong example.

In a further subsegusnt step 514 an  inspection,

analysis, or one oy wore tests may be conducted to

ascertain information regarding the condition o©f the

filter, the extent of retentate acouwmulation, or
indications of filter or eagmipment malfunctions Qr
failures. In one embodiment, the inspection and analysis

gtep 514 may include on or more of the following
measurenents or analyses: filter weight, retentate volume,
open channel length, retentate composition, or locaticn of
ratentate within the filvter. Low pressure drop for a given
flow {ory high flow rate for a given pressure drop} in
localized vregions may alsce  indicate filter failure.
Additionally wvigual inspsction of the filter surfaces may
also be conducted for signs of improper ogeration, such as

staing, abnormal deposits, soot or retentate lsakage, oil,

fuel, or coolant material deposits, cracking, plitting,
misging pleats, nissing end plugs, fractured channels, ov
other gigng of abnormal operation, or filter defscts ox

-

failures. Internal inspection of the filter 182 may also
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he accomplished by borescope, fiberscope, x-ray. light

analveis, or some other means.

Examples of tools or measurement/lnspection technigues
which may be applied in inspection and snalysis step 514
may include but not be limited to: pin gauge or drop rod
measurements, x-ray analysis, radio~freguency interrogation
USiNg TesOonance oY non-regonance meansg, materials analysis
uging Raman, x-ray diffraction, inductively coupled plasma,
x-vay fluorescence, energy dispergive x-Yay. Fouriar

transform infra-red, welght neasurements, 1light orxr laser

transmigsion or abgorption meagurements, light box
neasurenents, plira-sonic flaw detection, acoustic

measurements, terahertz measurenents, or any other sulitable
measurenent aystemn, Measurement of Filter flow
rvestriction such as through flow bench testing, wheveby
either or hoth the flow rate and gpregsure drop across the
filter are measured, may also be used. In a preferred
embodiment, the flow restriction of the filter is evaluated

i

over a range of flow zrates, sgimilar to the flow ra

{"D

at
axperienced by the filter in operation, and the specific

flow rate and pressure drop across the filter is measured.

.

Samples of the filter material or <ollegted retentate
from he surface of filter 102 or from

may also be removed
inside the channels or pleats of filter 1062 for subseguent
analvsis or characterization in step 314, In one exemplary
embodiment, retentate gamples may be removed from filter
182 at one or nmore locations and subjected to compositional
analysis. In a further step {(not shown in FIGURE 5) the
compositional analysis may be used to determine or deduce

rthe operating state of the eguipment or machinery on which
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the filter is installed. In oune exemnplary anbodiment,
results of the retentate analvsis nmay bhe used to detect
high oil consumption, poor guality  fuels, injector
malfunctions, c¢oolant leaskage, the faillure of upstrean
filrters or exhaust catalysts, or  any other system

components.

The ressults o©f insgsction step %14 may be used to
determing whether or not the filter 1is suitable for

anufacturing in step 518,

=

cleaning, re-conditioning, or re-
In one example, 1if the results of step 514 detect signs of

filter failure such as cracks, melted regions, wmissing
filter sections, missing end plugs, sintered deposits, or
retentate agcumulation which cannot be ramoved {(such as by
chemical bonding) then the filter 162 may be rejected in
step 532 and discarded or recycoled in subseguent st

In some cases, depending on the extent of the filter 103
failure or defect, the faillure or defect may be repaired in
a step {(not shown} and the filter I82 returned the cleaning
provess flow to step 310 or step 516, Repalir of the filute

cement of missing

a2

may include re-plugging of cells or repla
end-plugs, addition of catalyvst materials, replacement of

the matting or canning, and the like.

If the filter 182 is dJdetermined, in step Bis Lo be
suitable for cleaning or 3 remanufacturing, the filter 102
may be subijected o a thermal regenerabtion step 318, The
thermal regeneration may be conducted using an enging, such
as a parked regeneration ovr high idle regsneration, a
burney, an in-ling electrical heater, microwave heating,
plasma-assisted regeneration, or using a kiln, oven, or

furnace, or any other sultable means for heating the Filker

25



WO 2016/077452 PCT/US2015/060140

102. Additional gaseous components, including supplemeantal
owvgen, hydrogen or NOx (K02} may or may not be applied in
the regenerabion step 518, The regensration may be for a

from 8 hrs. to 40

s
jat]
541

predetermined amcunt of time, suck
hrs. or army sultable amount  of time. In another
embodiment, the regeneration may be conducted until the
aoot  and  combustible material has  been substantially
rvemoved from the filter, as determined by pressure, welight,
radio freguency, oprtical, light-based, x-ray ¢r any other

suitable measurenents.

In one embodiment the temperature increase ramp rvate
and set point temperature may be contrelled during the
YRgENaration  process. In ancother embodiment, pafalnisit
temperature or heated air way pe introduced to flow through
a portion or all of thse filter 102. In another embodiment,
& remperabture above &00 °C may be achieved during the
regenaration process to preferentially induce a volume
reduction of the incombustible retentate, guch as ash in

one axample.

Following regengration step %18 a3 determination of the
completenegs of the regeneration may be made in steap 530.
Step 820 involves determining whether or not the soot or
combustible material has been sufficiently oxidized. The
determination may be made based on visual inspection, use
of a borescope or fiberscops, welght measurements, pin
gauge neasurements, x-ray oy opbical nmeasuremenis or any

on mathod. Measures

Py

other suitable measurement oY ingpect
nf flow restriction or pressure drop may alse be used. If

it ig determined in step 520 that the soot or combustible
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material heg not been =zufficiently owxidized, step 518 nay

be repested as indicated in step 83§,

If it is determined in step %28 that filter 182 has
been  sufficiently regenerated, then ash or reatentate
cleaning and removal may commence in step 533, Retentats
removal may include poneumatice or vikration mesans, as
described in reference to FIGURE 1-4. The cleaning nay
proceed  for a pre-determined amount of time, or Dhe

controlled based on in situ wmeasursments of filter clogging

or retentate levels, such ag through measursments  of
pregsure or flow across the entire filter 1082 or a portion

thereof, where the portion is less than the whole, or by
radlo fraguancy measuraments, X-ray measurenents,
measurenents of the amount or retentate removed (such ag by
mass or voelume in one example), oY measursments o

amcount of retentate remaining in the €£llter in ancther
examplse, or any other suitable measuremente. The in situ
measurements may be usad to contrel the operation and

process parameters for the cleaning system, such as the

..)

vibration level {in the c¢ase where vibration c¢leaning is

uzed) or air flow rate or presgsur

Following step %22 an additional inspection, analvsis,
or  btest step may be completed, designated 8324, The
inspection and analvsiz step $24 may include at least one
of the measures of f£ilter state or pervformance as deascribed
in reference to step 514, The results of inspection and
analysis step 5234 may e used to determine whether or ot
the filter hasg been returned to an aceseptable state, based

on step B2§. I the f£ilter 182 has not been returned bo an
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acceptable state, the process may repeat with step 518 or

even at step 518 or 512 (not explicitly shown in FIGURE §).

If it is determined in step 52§ that filter 102 has
heen returned to an acceptable state, the regults of the
cleaning process, steps 518-%24, may be recorded in step
528 in a databasge, record, log hook, or an sultable
location and using any sultable means, and the filter 103

may b returnsad to the customer in step 530,

Not all steps listed in FIGURE B need to bs completed,
nor do the steps need to be completed in the order or

k)

1,.;’ -

segquance listed. For example, step %18 may be omitined
one case where negllgible levels of combustible material

are accumulated in fillter 3I82. In ancther ewample step 322

may be omitted where negligible amounts of iancombustible
material is contained in the filter 182, In another

exanple, gsteps 518 to %14 or step 834 may be omitted.
Therefore, there ars many conbinations of steps that may ke
concelved bagsed on those listed in FIGURE § which have not
beaen explicitly described, bubt which may achieve the same

overall obiective.

While the above description containg much specificity,

this should not be construed as limiting the scope of any

anbodiment, but as exemplifications of the pregently
preferred embodiments thereof. Many other ramifications

and wvarliations are possible within the teachings of the
various ambodiments For example, the cleaning sgystem
configuration and layvout may eagily be modified from thab
descoribed herein and alternative embodiments may or may net

inciude all of the components and may or may not awploy all
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of the methods of operating the system described in this

disclosure.

It will also be apparent to those sgkilled in the art
that the pregent discleosure relates not only to &
particulate filter cleaning svystem and method, but a system
and methoed for cleaning any type of filter, such as aix
filters, liliguid filters, f£ilter bag houseses, and the like,
where knowledge of filter leoading, by contaminant matter o
any other material, and control of filrter operation are
important.

s

Thus the scoge of the invention sheuld ke detarminsd

~

by the appended claims and their legal eguivalents, and not

by the examples given,
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CLAINE

What is claimsd is:

1. A system for renoving retentate from a filge
Tompr ng means for applving a f£fluld to one or more

localized regionsg of the filter for dislodging and removing
the retentate from the one or more localized regions of the

filter.

d. The sgvstem of claim 1 wherein the means for
applying the filuid to the one oy nore localized regions of

A

the filter comprises a f£luild nozzle which seals against the

one or more localized regioms of the filterx.

3. The system of claim 2 further comprising an

cruation mechanism for locating the f£luld noszle at the

one or more localized regions of the filtex.

4. The systenm of claim 3 wherein the actuation
mechanism moves the fiuid nozsle in two dimensionsg and
comprises a spindle rotvtatable about a8 central axis, a
linear housing attached to the spindle, at least one linsay
bearing rod mountad on the linear housing and a carriage,
the nozzle being mounted to the carriage, the at leagt one
linear bearing rod along with the linesr actnator allowing
for the back and forth nmovement of the carriage and the

nozzle mounted to the carriage.
5. The sgystem of claim 4 further comprising a

vertical actuator for moving the fluid nozzle in a third

dimension.
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6. The syvetem of colainm 1 wherein the nreans for

4

bt

applyving the fiuid to the one or more locallized regiong o

feban
b

the filter comprises a manifold with one or more valves
concert with one or nmove conduits contained in a conduin

housing that sgeals against the filter, the one or more
valves bheing adapted to open and close to allow fluid to

flow through the one or more of the condults corresponding

5 3 =

to the one or more localized regions of the filtsr,
7. The systemn of ¢laim & wherein the means for

applying the fluid to the one or more leocalized regions of
the filter is located at the inlet or outlet of the filter
and further comprising means at the other of the inlet or
the cutiet of the filter for applving a vacuum Or presgure
to the one or more lovalized regions of the filterw
comprising another manifold with one of more valves in
concert with one or more conduite contained in a conduit
housing that sesals against the other of the inlef or outlet
of the filter, the one or norse of wvalves being adapted to
apen and close toe apply a vacuum or prassure through the
ong or more of the condulis corresponding to the one ov

more localized regiong of the filter.

8. The system of claim 1 further comprising ong or
more sensors for measuring the amount of the retenbate in

the one or more of the localized regions of the filter:

£ A& method for removing etentate from & filter
comprizing the sﬁep of applving a £luid to one or more
localized regions of the filter for disledging and removing
the retentate Ffrom the one or morve localized regions of the

filter.
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10. The method of c¢laim 9 further comprising the

stopping the flow of the fluid through the one of the
localised regiouns of the filter following the lapse of a

predatermined amount of time;

moving the nozzle toe the other localized regions of

the filter; and

repeating the steps above for each of the other

iocalized regiong of the filter.

11, The method of <laim ¢ further comprising the

measuring a parameter in the one of the localized
regions GE the Eilter following the lapse of a
predetermined minimum amount of time;

-

stopping the £low of the fiuwid through the oneg of the

+

7

localized rvegions of the filter if the parameter i1is at a
pradetermined walie Ffollowing the lapse of the

predetermined mindmum amount of time;

moving the nozzle to the ovher localized regions of

the filter; and

repeating  the steps above for =ach of the other

localized regions of the filter.
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12. The method of claim 11 further comprising the
steps of:
continuing the fiow of the fluid through the one of
the localized regliong of the filter for a8 predstermined

maximum amount of time

localized regiomns of

if the parameter in the one of the

the filter is nob at the predetermined

value following the lapse of the predeterminsd minimum
amount of time;

atopping the flow of the fluid through the one of the
localized regions of the filter if the parametsr in the one
of the locgalized regions of the fiiter 18 at the
predetarmined valys following the lapse of the
pradetermined masimum amount of time; and

repeating the steps above for esach of the other
localized regions of the filter.

13. The method of claim 1% further comprising the
step of repeating the steps of claimg 11 and 12 if the
parameter in the one of the leocalized regions of the filter
is not at the predetermined wvalue following the lapse of
the predetermined maximum amount of time.

14. The method =laim 13 wherein the parameter isg

rate of flow of thes

localized regions of
step of stropping the

more of the localized reglion

flow of the f£iaid

the filter and further compriging the
flow of the {fluid through the one oy
g of the filter if the rate of

is above a predetermined thre

following the lapse of the predetermined amount of time.
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.

1%, The method of claim 9% further comprising ths step

of conducting a thermal regeneration of the filter.

6. The method of claim 9 further comprisging the step
of inspecting and analyvzing the one or nore localized
regions of the filter prior to and/or following the step of
applying the fluid toe the one or more localized rveglons of

the filter.

17, The method of claim 1§ whersin the step of

localized regiong

]
-t
e
e
G
1)
It
e
Eg
O
?'*,
43

inspecting and analyzing

of the filter comprises of measuring one or mnore

i
rt
5]
@
w
(«g
e

of the filter eight retentate wvoluw filter channel
length, retentate composgition, or location of retentate in

the one oy more localized regions of the filter.
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