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Current 1ndustrial practice has been to try to clean the

build-up 1n the WESP with warm water (100-130 °F), caustic

solution, or a weak acid solution. In almost all cases the

cleanling solution 1s 1njected 1nto the WESP through stationary

nozzles that cover a broad area to cover all surfaces of the WESP

pr—

using a minimum number of nozzles to reduce cost. Thlis spreads

—

the mass flux of the liquid across a large area (e.g., 0.05 to

0.25 1lbs/ (ft2*s)) so there 1i1s not much energy hitting the dirty
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surfaces. Therefore, loose material can be removed, but material

that 1s adhered to the surfaces 1s not removed. Also, slnce the

spray 1s typically sprayed at a wilide angle (90 degrees), very

pr—— pr——

little of the spray penetrates to a depth of more than a foot 1in

the honeycomb structure.

pre——

Accordingly, a method of maintalining the collecting tubes and

electrodes 1n a c¢lean condition with mlinimal manual cleaning

requlred would be highly beneficial.

pre——

It 1s therefore an object of embodiments disclosed hereilin to

lncorporate multiple components 1n a WESP to provide a much greater

g

lmpactlion energy over areas expected to collect most of the

particulate and therefore expected to get the dirtiest.

p—

It 1s a further object of embodiments disclosed hereln to

—

minimlze the amount of ligquid used to clean a WESP.

SUMMARY

—

Problems of the prior art have been addressed by embodiments

disclosed herein, which provide a method and apparatus for cleaning
pollution control equlpment, such as partiliculate removal devices,

including wet electrostatic precipltators, and to provide a

particulate removal device 1ncluding such cleaning apparatus. 1In

certaln embodiments, the WESP includes a housing having a chamber,

at least one gas 1nlet 1n fluld communication with the chamber, a

gas outlet spaced from the at least one gas 1nlet and i1n fluid
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communication wilith the chamber, one or more 1onizing electrodes 1n

the housing and one or more collecting electrodes or surfaces 1n

the housing. In some embodiments, the collecting electrcodes
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include a bundle ©of tubes or cells, whlch may e cvilndrical or
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ontal In cross-section, In some emboedliments, The pundle of
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tubes forms a honevccomb pattern of hexagonal collecting zones or

In certaln embodlments, the housing may be placed 1n fluid
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communlication with a washing liquild source, such as a water source.

In certaln embodiments, a particulate removal device, such as

a WESP, having movable spray nozzles 1s provided, whereln the

movement of the nozzles 1s designed so that fluid expelled

pr——

therefrom i1mpacts all or substantially all of the regions 1n the

WESP where particulate build-up deleterious to the electrostatic

"1clent and

performance of the WESP 1s expected or observed.

pre——

substantially homogeneous cleaning of the collection surfaces 1s

pre—— pre——

achieved, such as by i1mpact of a mass flux of a washing liguid on

pre——

cach surface element of the particulate collection surfaces over

a certaln 1lmpact time. In some embodiments, the mass flux comprises

a spray emitted from the nozzles, which may be a flat fan spray

pr—

that concentrates a high mass of liguid moving at a moderate

velocity (e.g., 30-120 ft/sec) 1n a small area. In certailn

embodliments, the particulate removal device 1s an upflow WESP, and

one or more lower movable spray nozzles 1s provided 1n a lower

pre——

plenum upstream of the particulate collection surfaces and 1s
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pr——

capable of spraying washing liguid towards the collection surfaces

pr——

to cause 1mpaction cleaning of the same. In some embodiments, one

Or more upper spray nozzles 1s provided, which may be movable,

pr—

positioned downstream of the particulate collection surfaces. The

p—

primary function of the one or more upper spray nozzles 1s to rinse

the collection surfaces, and/or to introduce cleaning agents such

as sodium hvydroxide or sulfuric acilid to enhance cleaning.

Fmbodiments disclosed herelin 1nclude a partiliculate removal

device for removing particulate from a process gas, the device

comprilsing: a housing comprising a lower plenum having a gas 1nlet

g

for the 1ntroduction of process gas 1nto the housing; a gas outlet

—

for discharge of treated process gas from the housing; at least

one 1onlizing electrode; at least one particulate collection

electrode; the lower plenum being 1n fluid communication wilith the

at least one 1onizing electrode and the at least one partiliculate

collectilion electrode; an upper support frame; a lower support frame

connected to the upper support frame and comprising at least one

electrode support beam supporting the at least one 1onizing

pre——

electrode; and at least one movable nozzle 1n the lower plenum for

discharging washing liguid towards the at least one collection

electrode to dislodge particulate matter from the at least one

collection electrode. Preferably the at least one particulate

collection electrode 1s tubular.
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In one exemplary embodiment, the at least one movable nozzle

1s rotatable about a vertical axilis. In some aspects the particulate

removal device further comprises a support shaft 1n the lower

plenum and having a longitudinal axils, the support shaft supporting
one or more rotatlional arms having at least one nozzle posilitioned

thereon, and whereln the one or more rotational arms 1s adapted to

rotate about the longltudinal axis. In some aspects, there are

pre——

plurality of nozzles positioned on the one or more rotational arms.

— pr—

In some aspects, one of the plurality of nozzles 1s angled relative

to vertical to provide hvydraullc motive energy to the one or more

rotational arms, whereby dilischarging 1liguid through the angled

—

nozzle causes rotation of the one or more rotational arms.

In another exemplary embodlment, there 1s an upper nozzle

—
e

assembly positioned 1n the housing downstream, 1n the direction of

process gas flow from the 1nlet to the outlet, of the at least one

particulate collection electrode.

In some embodlments, disclosed 1s a method for cleaning a

—

collection surface of a particulate separation device, 1n which

the collection surface 1s sprayed with a washing liguid over a

—

cleaning 1nterval, wherein a partial region of the collection

pr— pr——

surface 1s sprayved with a minimum quantity of washing liquid for

a minimum treatment period, and wherein the washing liguild acts on

the partial region with a momentum which varies 1n time over the



WO 2021/081566 PCT/US2021/016729

minilmum treatment period and 1s effective for dislodging

particulate matter adhered to the collection surface.

—

In some embodiments, the angle of action of the washing ligquid

relative to a surface normal to the partial region does not remaln

constant over the mlinimum treatment period; e.g., 1t 1s varied.

In some embodiments, the at least one nozzle 1s moved or 1s
movable relative to the partial region 1n such a way that a

distance between the at least one nozzle and the partial region

varles over the minlimum treatment time. In some embodiments, the

at least one nozzle 1s moved or 1s movable relative to a surface

normal to the partial region 1n such a way that a liguid jet 1s

emltted from the at least one nozzle at an angle varying with the

surface normal to the partial region during the minimum treatment

pr—

period. In some embodlments, the mass flow of the washing liquid

1s not constant over the minimum treatment period; e.g., 1t 1s

varled. In some embodiments, the washing ligquid 1s supplied to the

one or more nozzles with a varving pressure and/or volume flow. In

some embodiments, the outflow from the one or more nozzles wvaries

in time and/or location. In some embodiments, the at least one

movable nozzle 1s mounted on a nozzle device and 1s movable 1n at

B

least one degree of freedom with respect to the nozzle device. In

some embodliments, the at least one nozzle comprises a fluidic

oscilllator.

pr——

In certain embodliments, a method of removing particulate matter
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from a contaminated gas supply 1s disclosed, the method comprising

pr——

supplying washing ligquid to at least one of movable nozzle 1n a

pr—

plenum of a particulate removal device comprising one Or more

lonlizing electrodes, one or more particulate collection electrodes

or surfaces, at least one 1nlet for the contaminated air and at

least one outlet, the plenum being i1n fluid communication wilith the

one or more 1onlzing electrodes and the one or more particulate

collectlion electrodes, and discharging sald washing ligquid from

sald nozzle towards sailid one or more collection electrodes

pr——

1mpacting regions of sald one or more particulate collection

electrodes with said washing fluid emitted from said at least one

or more movable nozzles to dislodge particulate from said

particulate collection electrodes to clean the same. In some

—

embodlments, the plurality of movable nozzles 1s upstream, 1n the

—

direct of gas flow from the 1nlet to the outlet during operation

pr— pr— pr—
—

of said particulate removal device. A source of high voltage for

charging the one or more 1onizing electrodes may be provided.

pr—

In certain embodiments, there are a plurality of electrode

g

support beams and a plurality of 1onizing electrodes each having

pr——

a free end and a supported end supported on one of the plurality

—
-

of electrode support beams, wherein the free end 1s downstream, 1n

pr—

the direction of process gas flow from the gas 1nlet to the gas

pre—— pre——

outlet during operation of the device, of the supported end.

In certailn embodiments, the particulate removal device 1s an
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up—flow WESP, where gas 1s 1ntroduced below the one or more 1onlzing

electrodes and flows vertically upwardly 1n the device.

In certain embodiments, the device 1s compartmentalized, or

modularized, wherein there are two or more units 100 1n a single

particulate removal device such as a WESP. In certaln embodlments,

B

the WESP has three or more modules. In some embodlments, one of

pr—

the plurality of modules can be 1solated from the others, taken

pre——

offline and subjected to a cleaning cycle, whille the remaining

module or modules continue to operate to remove particulate from

the process gas stream.

BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments disclosed herein may take form 1n wvarious

pr—

components and arrangements of components, and 1n varlous process

pr—

operations and arrangements of process operations. The drawlngs

pr——

are only for purposes of 1llustrating preferred embodiments and are

not to be construed as limiting. Thils disclosure 1ncludes the

followlng drawlngs.

pre——

FIG. 1 1s a perspective view of an exemplary particulate

removal apparatus 1n accordance wlith certain embodiments;

pr—— pr——

FIG. 2 1s an 1nternal view of an upper region of a particulate

removal apparatus 1n accordance wlith certain embodiments;

pr— pr—
—

FIG. 3 1s another 1internal view of an upper region of a

particulate removal apparatus 1n accordance wlth certaln
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embodlments;

FIG. 4 1s an 1nternal view of a lower region of a particulate

removal apparatus 1n accordance wlith certain embodiments;

— —
-

FIG. 5 1s another 1internal view of a lower reglion of a

particulate removal apparatus 1n accordance wlth certaln

embodlments;

B

FIG. HA 1s a perspective view of an outer hub 1n accordance

wlth certain embodiliments;

1

FIG. 5B 1s a perspective view of an 1nner hub 1n accordance

wlth certain embodiments;

pre—— pre——

FIG. 5C 1s a perspective view of a rotational arm of a movable

nozzle assembly 1n accordance with certailn embodliments;

—

FIG. 5D 1s a view, 1n partial cross—-section, of a rotational

pr—

arm of a movable nozzle assembly 1n accordance wlith certailn

embodlments;

pr— pr—
—

FIG. ©A 1s a perspective view of a lower plenum region of a

particulate removal apparatus 1n accordance wlth certaln

embodlments;

pre——

FIG. 6B 1s a front view of the linkage assembly shown 1in FIG.

oB 1n accordance wlith certaln embodiments:;

FIG. 7 1s a perspective viliew showlng a preferred fan spray

pattern for a movable nozzle assembly 1n accordance with certailn

embodlments;

FIG. 8 1s a schematic diagram of a deflector bar 1n accordance

10
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wlth certain embodiments;

g

FIG. 9 1s a schematic view of a surface of a deflector bar 1n

accordance with certain embodlments;

pr——

FIG. 10A 1s a top view of a moveable nozzle assembly 1n

accordance wlith certaln embodiments;

—

FIG. 10B 1s a front view of a moveable nozzle assembly 1n

accordance wlth certaln embodiments;

B

FIG. 10C 1s an enlarged view of Detall A from FIG. 10A;

pre—— pr—

FIG. 10D 1s a front view of a pivot arm of a moveable nozzle

assembly at rest 1n accordance with certaln embodiments;

pr—— pr—

1s a front view of a pivot arm of a moveable nozzle

FIG. 10.

L]

assembly 1n motion 1n accordance with certaln embodiments;

pr—

FIG. 11A 1s another front view of a moveable nozzle assembly

1n accordance wilith certaln embodlments;

—

FIG. 11B 1s an enlarged view of a region of the moveable nozzle

pr—

assembly of FIG. 11A showlng a moveable sleeve 1n a first position;

pr—

FIG. 11C 1s an enlarged view of a region of the moveable nozzle

pre——

assembly of FIG. 11A showing a moveable sleeve 1n a second position;

B

FIG. 12 1s a schematic view showing a working principle of

cleaning surfaces Dby 1mpaction 1n accordance wlth certain

embodiments;

—

FIG. 13 1s a schematic diagram of an assembly 1ncluding a

—

hydraulic pulse generator for 1ntroducing washing 1liguilid 1nto

nozzles 1n accordance wlith certaln embodiments;

11
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B

FIG. 14 1s a schematic diagram of a fluidic oscillator 1n

accordance wlth certaln embodliments;

showing the use o

embodlments;

showing the use o

pr—
-

f fresh walter tTo

FIG. 15B 1s a schematilic diagram o:

—

f recirculating water to

certaln embodiments; and

FIG. 16 1s

pr—

—

pr—

an 1nternal perspective v1iew O an

particulate removal apparatus

embodlments.

A more complete understandling o

and apparatuses disclosed herein can be obtalned by re:

FIG. 15A 1s a schematlc diagram of a partiliculate removal device

flush 1n accordance with certain

- a particulate removal device

flush 1n accordance with

exemplary

1n accordance wlth certaln

DETAILED DESCRIPTION

the accompanvyving drawling. The

representations based on convenience and the ease 01
the present disclosure, and 1s, there:

relative size and dimensions of the devilices or components thereof

pre——

g

the components,

figures are merely

pre——

pProcesses

“erence TO

schematic

- demonstrating

"ore, not 1ntended to 1ndicate

pre——
—

and/or to define or limit the scope of the exemplary embodiments.

Although spe

pr—

the particular

1llustration 1n the drawilng,

for the sake of clarity,

clfic terms are used 1n the

pr——
—

sTructure OT

-~ the disclosure.

limit the scope o:

these terms are 1ntended to re:

followlng description

"er only to

pre——

the embodiments selected for

In the drawing and the

and are not 1ntended to define or

followlng

description below, 1t 1s to Dbe understood that 1like numeric

12
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pre——

deslgnations refer to components of like function.

The singular forms "a," "an," and "the" 1nclude plural

referents unless the context clearly dictates otherwilse.

As used 1n the specilficatilion, various devices and parts may

be described as "comprising" other components. The terms

{4

“comprise(s),” “i1nclude(s),” “having,” “has,” Y“can,” “contain(s),

pre——

and varlants thereof, as used hereln, are 1ntended to be open-

ended transitional phrases, terms, or words that do not preclude

—

the possibillity of additional components.

pre——

All ranges disclosed herein are 1nclusive of the recited

pre——
h—

endpoint and 1ndependently combinable (for example, the range of

pr—

“from 2 1nches to 10 1inches” 1s 1nclusive of the endpoints, 2

inches and 10 1nches, and all the intermediate values).

As used hereln, approxXxlmatling language may be applied to

modify any qguantilitative representation that may wvary wilithout

resulting 1n a change 1n the basic function to which 1t 1s related.

Accordingly, a value modilfied by a term or terms, such as “about”

and “substantially,” may not be limited to the precise wvalue

speclfied, 1n some cases. The modifier “about” should also be

conslidered as disclosing the range deflned by the absolute values

—

of the two endpoints. For example, the expression “from about 2

to about 4”7 also discloses the range “from 2 to 4.7

pr——

It should be noted that many of the terms used herein are

relative terms. For example, the terms Y“upper” and “lower” are
relative to each other 1in location, 1.e. an upper component 1s
located at a higher elevation than a lower component, and should

not be construed as requliring a particular orientation or location

13
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pre——

of the structure. As a further example, the terms “ilnterior”

“exterior”, “inward”, and “outward” are relative to a center, and

should not be construed as requiring a particular orientation or

pre——

location of the structure.

The terms “top” and Y“bottom” are relative to an absolute

pr——

reference, 1.e. the surface of the earth. Put another way, a top

location 1s always located at a higher elevation than a bottom

pre——

location, toward the surface of the earth.

The terms Yhorizontal” and Y“wertical” are used to 1ndicate

direction relatilve to an absolute reference, 1.e. Jground level.
However, these terms should not be construed to require structures

to be absolutely parallel or absolutely perpendicular to each

other.
T g S T T TR . o T e . ~ 2 —~ sNaYa £ = — .
FIG. 1 iliustrates exemplary apparatus 100 for removing
- . — = -~ ' . '1:":- =, — - - e BN ‘ e BN = % -
carticulate matter Ifrom & gas stream contalning particulate

matter, and may include a mist-generating member that mixes a gas

stream entering the apparatus with liguid dropiets, <one oOr more

ionlzing electrodes nhat electrically charge the particulate
matter and the liguld droplets; one or more collection surfaces

<11ch as one or more colliection eolectrodes or tubes that attract

-
)

and remove electricaily-charged particulate matlter and 1Intermixed

Y

i

Llgurd droplets from the gas stream; a source of washing Liguid;

ancd  one or more movable nezzles conftigured to e 1nn fluid

'}

-

communication with the source of washing liguid. In certaln

-

o s ) PN - b ~ +-"'-. Y el ~ » e ™ ' - ': ~ -~ M S W - Pl o - J N 2 “ -~ -
cmbodiments Chie one or more collection surfaces includes one oOr

14
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more elongated tubes or cells. In some embodimen

cells may be hexagonal in cross-section. Other geo

the tubes or cells may be suitable,

clrcular cross—-section, sguare cross-—-section,

1NncC.

A

rs, The tubes or

l
.

uding tubes or cells o1

PCT/US2021/016729

B

metric shapes of

B

rectangular cross-

section, heptagonal cross—-section, octagonal cross-section, etc.

In some embodliments, the unit 100 has a lower 1nlet 12 and an upper

outlet or exhaust 14 spaced from the lower 1nlet 12. The lower

inlet 12 may be 1n fluid communilicatlion with suiltable ducting or

the like to direct process gas 1n a generally upward flow to be

treated by the unit 100 towards collection sur:

pre——

embodiment shown 1nclude an array o:

—

certain embodiments, the array of cells may be

"aces that 1n the

pre——

a plurality of cells. In

formed by coupling

1ndividual plates or walls 1n the desired shape such as by welding.

Adjacent cells share common walls.

pr—

In certain embodlments, an upper or downstream (1n the

direction of process gas flow from the 1nlet 12 to the exhaust 14)

high voltage frame 40 (FIG. 2, 3) and a lower or upstream (1n the

—

direction of process gas flow from the 1nlet 12 to

high voltage frame 41 (FIG. 4, 5) are suspended

pr——

"he exhaust 14)

—
-

from The roof or

top wall 406 of the unit 100 with suitable supports i1ncluding one

Or more support rods (three shown as 45A, 45B and

embodiments, the upper high wvoltage

frame 40 m

connected support members 40A, 40B, 40C, 40D that

upper high voltage frame 40 as shown.

15

45C). In certain

ay 1nclude four

form rectangular

The top wall 46 of the unit
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100 may be electrically 1nsulated

45C wilth respective 1nsulators,

lnsulator compartments.

voltage frame 41 may be supported

top wall-mounted i1insulators,

mounted 1nsulators.

supports may be eliminated,

frame 41 may be supported

In wvarious

In some embodliments,

In some embodlments, the upper high voltage

Or may be supported

PCT/US2021/016729

from the support rods 45A, 45B,

which may be housed 1n respective

embodiments, the lower high

top wall 46 (wilith suitable 1nsulators).

In some embodiments, where the lower high voltage

from the top wall 46 such as via
from side wall-
the lower high voltage
frame 41 and assoclated supports are not needed and are eliminated.
frame 40 and associated
1n which case the lower high voltage

from the one or more side walls or the

frame 41 1s

supported from the upper high voltage frame 40, 1t may be soO

supported by one or more support electrodes 3/, preferably four,

and supports a plurality o:

1n turn support electrodes or masts 50.

pre——

- ri1gld electrode support beams 49, which

In certaln embodiments,

the rigild electrode support beams 49 are spaced and positioned 1n

a parallel horizon

—

cal

plurality of masts 50.

array, each

pr——

respectively supporting a

g

Fach of the plurality of masts 50 may be

generally elongated and rod-shaped and extends upwardly 1nto a

respective cell

cach cell 30A and 1s coaxlal therewith.
the masts 50 are supported

rigid electrode support beams 49,

304,

and 1s preferab.

16

from the bottom by the plurallity o:

Chelr

—
-

v posltioned 1n the center o:

Since 1n this embodiment

B

free ends are downstream,
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pr—

1n the direction of process gas flow form the 1inlet to the outlet,

B

of theilr supported ends. Preferably the masts 50 are relatively

short (e.g., less than 12 feet long, e.g., 10-12 feet 1long) to

B

minimlize deflection. To further minimize deflection, the walls of

the masts 50 may be thicker than conventilional, e.g., 0.083 1nches

B

thick. Further sti1ll, cross—-bracing may be used to prevent sway of

the support structure, e.g., 1nsulated rods or struts connecting

the upper high voltage frame 40 and/or lower high voltage frame 41

pre——

to a wall of the WESP. In certaln embodiments, the volume of each

pre—— pre——

cell 30A defined by 1ts outer wall or walls 1s empty except for a

mast 50. As can be seen 1n FIG. 5, 1n some embodliments each of the

masts 50 1s attached to a rigid electrode support beam 49 with a

single bolt or other fastener, and each mast 50 can be pre-aligned

prior to assembly 1nto the unit 100. In some embodiments, sultable
position adjusters can be provided on the masts 50 or support beams

49 to properly position them in the unit 100.

By supporting the masts 50 from the bottom rather than the

pr——

cop, cleaning of the collecting surfaces 1s not 1nhibited, and

better access to the unit for maintenance 1s provided because there

are minilmal high voltage members above the array 30 of cells 30A.

The masts 50, when positioned within each cell 30A and connected

—

to a high voltage source, malntailn the array 30 of cells 30A at a

deslred voltage. In certaln embodliments, the electrical potential

difference between the masts 50 and the collection surfaces 1s

17
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sufficient to cause current flow by corona discharge, which causes

pre——

charging of the particulate entrained 1n the process stream.

‘n other embodiments, the lower high voltage frame 41 may be

supported from top wall mounted 1nsulators, or may be supported

from electrical 1nsulators mounted 1n 1nsulator compartments on

—

the si1de walls of the WESP, below the at least one collection

electrode.

—'\ = 4 - -J _-1 1{? 4 - ~ia K ) : -~ . - -t “rae K d -: . . - - - g i b -
As seen I1n FIGS. 4 and b, in certailn empodiments, a nozzle

movement assemoly b2 18 provided upstream o0of the cells 30A 1n the
direction of process gas flow through the unit 100 to opltimilize the

— v ™

ability of washing ligulid to dislodge particulate matter in the

-,
)

internals ©of the particulate remcocval apparatus 100 to carry out

pr——

impaction cleaning. Preferably the movement of the system may be

actuated or adjusted such that the washing liguid contacts a given

—

area for sufficient time such that the energy of the washing ligquid

o"'\i ) +-
)

can accomplish the cleaning action desired. Contact times deslred

5-4-'
\f !
5

- Y " - b o e Dty AN O g Pl . '-) T ' T A - -~ =
would Typlcally be 1nn the range of 250-1,000 mrillisecond:

1 T e 4 - 9 - - - - - - 9 \_"" L - - ‘ , " L —
"IG. 12 illustrates a workling vrinciple ¢f the Impaction that

Q_)

may be achieved with the movable nozzle assembly. A Cclieaned surface

e TN )-- { f”‘ -L:-' "l N N e -i ’\.' N Fa' - = 1™ 1-. ' Pt ': o W -: b B ~ T e™ J o - el U et =

alement (CS5E; of cell Z0A 135 shown being impacted by lmpact vector
A7 T = S v“\rd_ s i o 7o o ‘T mrya ot oV i + Th a7 oh": o
A\ o -t .I. L...}C)P:I-l;o_p‘ O"‘l J!J\.* lm\...-.... ), f L...'LJ'.\....- -i/ \....-(\_.' L»\..."r,/ :LIY]._._'\..'J '\.._.r e ail _ LI it C) e o ..'.k._.-: L2\ au_) ._'...I-l\:j
'rﬂ -4'1'-' "='-'. -'v'\ . 159 R . N ‘-\‘: f’T' e . ) - + -;L--'b-\ --:-
fluld with respect To the surface ncrmal (Ng vector) to the surifac
clement Lo be cleaned may be varled. In additlon or alternatively,
- o= ~ N Y 1 :'a - - o, - N e ""‘s‘: -} . - - a - :
in some embodiments the impulse of the impacting washning f[luld may

13
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e varied by varving the mass flux and/or the sprayv velocity and/orx

the spraving radius.

N

In scme embodiments the movement o0f the movement assemnbly 5Z

may be adiusted manually. In other embodiments, an automatic

control scheme may be used, such as an actuator which may be

selected from a hvydraulic actuator, a pneumatic actuator, an
electro—-static actuator, an electro-magnetlc actuator, a plezo-
electric actuator, an electro-mechanic actuator, an electric

pr——

motor, and other actuators being capable of a remote activation.

R 1 = 1 . = = -~ | -y -y e =, T . -y - - = <N, i B ¥ =
in some embodiments, the actuator mayv be a batterv operated sealied

transmitted wirelessiy. In other embodiments, a mechanical method

N r“‘i'* A e - “t* g r Sl - - - - -~ -~ - -~ - ‘: - '} Vet - :} G (-.’ "% P Wi ol N . ™~ ’ . Vel - “ -3 "'*
such as a pivol arm or a spring Lcaded moving sleeve using the

centrifugai force of tThe spray syste te partially block the

—

h

—

nyvdraullic energy and Therefore self-regulate The rotational speed

N e - o e e 3 N - i— oy — — o e TEUTT OO | N “1 7™ 4 = T N7 - iy
may be used. For example, as shown 1n FIGS. 1L0A;, 108, 10C, 10D and

%

10E;, 2 mechanical pivot arm 400 may be used to control the

nydraullc energy 1n The movement assembly 5Z, such as by bliocking

e ad o

’ R S Ty —n - ": . - — I L B N AR e el s IRARRE 4 - 3 LI .
(partially or completely) an orlllce 401 (FlG. 10D} formed 1n the

N 7N T

clongated rotaticnal zrm 2CZ. In certaln embodlments, the pivot

arm 400 1s pivotaliy coupled to the elongated rotational arm 202,

ra ] " -y bt | -~ -y > /-\ -d 0 -i +‘ Y “;‘" -' Fiad /‘\ 5 ™ Catl -~ Chull S T o~ 0 3 ': - :
such as with a bar 402 coupled to tThe arm 202 such as by welding

(FIGS. 10C, 10D and 1OE). The pivolt arm 400 may have an aperture

19
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) " ~
T-

(not shown) ©that receives tThe bar 402, and 1s prevented from

gy on N o £ e ] ey, o - L R | . § <= TR N - : - R T - a
reieasing from The bar with a fastener 403, e.g., a coltter pin.

When the movement assenbly 52 1s at rest (FIG. 10D}, TtThe pivot arm

B ! - - e I -: T - “ 0"-' 3 r= s o - 1 - Pt 0 )-- y— : - 7y ’i - ey - -': -~
400 rests vertically and does not block the oriiice 401L; that

TaT | i)

When tne movement assembhlv

the ori1fice 401 is open o The ambhient.
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the pivot arm 400 o swing away from Uhe restUing position shown In

FIG. 10D, causing a region of the pivot arm 400 to partially block

the crifice 401, thereby partiaily deflecting fluid exiting the

--I

- 'Tc | L | ﬁ ) i-:-l '1. 1 . -2 '1"-‘ '. " = " -~ o ':" = -‘t"'\. . ¥ N =W } + ": ':“ - o 4= ':“
orifice 40C1. ‘his, 1n tTurn, controls Tthe speed of The movement

cmpodiment of

’.-
G
D
l___l
l---t
i' {
l"‘
i___l
’.--j
e
(1)
'3
),
’.--j
l.___\
()
¢
oy
W,
=
b
™~
(V)
CF
Q)
I-f:
,CII
-
CF
Y
(1)
-

— A—

controiling the rotaticonal speed ¢f the movement assembly 5Z. In
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this embodiment, There 18 alse an oritice 401 (FIGS. 1iRB and 11iC)
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an inner dliameter grealter tThan the outer diameter of tThe arm 20Z
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rom
]
b=
et
rd
5
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}u./
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J
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Ty
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osltlioned axially or

S
r_.
v

. 1 - w1 =
A8 best seen 1in FIG. 118, and
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0o coupled to the arm 202 such as by welding,
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oS lTlIoned Lo restricl [he exte ancd of travel of the sieeve 420 on

the arm Z0Z2. The stop 40L alsc acts as a seat for one end of

blasing member or spring 408. The opposite end of biasing member

408 abuts against the sleeve 420. When the movement assembly 572 138

~
N -

\1 £ . T o ,
12 ot hilocked I
oL L. Lo o s L. P N ..) /

al rest as shown in FIG, 11B, the orifice {4

-~
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the sleeve 420. When the movement assembly 52 1s 1n motion (FIG.

)
A

RS - - K - - " oy ~ i -
ca caltlses the sleeve 42°0 to

L1C) , the resulting centrifugal for

slide axially ocn the arm 202, compress the plasing member 408, and

LV IV R —

4. Joo L0

Yo oy gy = .: - : . 7 9 - . 1o 1-; - . e L - ~: Y ":_‘ 3 - - . - e K - = . - : i - _ -: .
vartially Dlocking the orifice 401, tThereby partially detleclting

......

fluld exiting the orifice 40L. This, in turn, controls the speed
Oof The movemeni assempliy 5Z.
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I some embodiments, the nozzle novement assemnbly 52 1s

"s [’

deslgned for operation 1n a particulate laden environment, without

pre——

- The movement system.

fouling of the bearings or other components o:

In certain embodiments, large clearances 1n the movement assembly

52 are designed to allow for this. These clearances take advantage

pr——

of the fact that minor leakage of the cleaning ligquid 1s not an

1ssue 1n the design. The nozzle movement assembly 52 also should

be capable of operation withilin a temperature range of about 40 to

200°F.

In certain embodiments, the nozzle movement assembly 52

1ncludes a support shaft 201 and one or more elongated rotational

arms 202 supported by the support shaft 201. Suitable bearings are

provided so that the elongated rotational arm 202 can rotate about

central hub 203 of the support shaft 201. As seen 1n FIGS. 5A and

5B, 1n the embodiment shown, the central hub 203 i1ncludes an outer

hub 204 and an 1nner hub 205. The outer hub 204 may be generally

cvlindrical, and 1include a central aperture 206 configured to

recelve the i1nner hub 205. The outer hub 204 1ncludes two opposite

21
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through-holes 207A, 207/B 1n 1ts side wall 208 as shown, for

recelving the elongated rotational arm 202. The 1nner hub 205

g —
p—

includes a lower disk-shaped ange 218 and a cylindrical member

211 extending upwardly from the flange 218. The cylindrical member

—

1s configured to be received 1n the central aperture 206 of the

outer hub 204, and 1ncludes opposite through-holes 212 (only one

shown) 1n 1ts side wall as shown, for receiving the elongated arm
202. One or more thrust washers 215, hub bushings 216 and gaskets

may be provided, and a retalner ring 217 may be used to assemble

the central hub 203 (FIG. 5). In certalin embodliments, flat seals

214 (e.g., ultra-high molecule weight plastic or TEFLON seals)

(FIG. 5D) may be provided between the inner hub 205 and outer hub

204 as shown, although fluid leakage between the 1nner hub 205 and

outer hub 204 may be tolerated. Because the seals are over a

relatively large surface area, fouling by small particulates does

not 1nhibit the hub movement. The seals 214 allow the outer hub

204 to rotate freely.

Accordingly, 1n certain embodiments, the bearings may be

designed with loose tolerances to allow movement 1n a dirty

—
-

environment, minimlzing friction losses and taking advantage of

the fact that leaks through bearing seals are tolerated and not an

—

1ssue to the operation of the nozzle movement assembly 52.

In certain embodiments, one or more spray nozzles 305 are

pre——

provided on each of the rotational arms 202 such that spray

22
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discharged from the spray nozzles 305 1mpacts the cells 30A or

collecting surfaces at an 1mpaction angle. Preferably

—

substantially all surfaces of the collection electrode below the

maxlmum helght that can be reached by the washing liguid discharged

from the spray nozzle(s) 305 (based on the angle the washing liquid

1s discharged from the nozzle(s) are directly 1mpacted by the

washing liquid. In certalin embodiments, this angle 1s between about
122 and about 30° relative to vertical. Although A 90° impact angle
(1.e. perpendicular) provides the greatest cleaning enerdgy, such

an angle 1s not achievable since spray must be introduced above or

below the collecting surfaces or cells 30A. A further consideration

on lmpact angle 1s the distance 1nto each cell 30A the spray can

p—

reach. The shallower (closer to 0°) the angle of impact, the

further the spray can reach, but the lower the energy that i1mpacts

pre——

the cell walls. Accordingly, an angle of 12° to 30° to wvertical

has been found to be preferred to provide as much energy as

posslble while retaining 1mpaction enerdgy a reasonable distance

1nto the collection tube array 30. The distance that can be reached

into a collection tube is a function of the diameter/width of the

collection tube. It 1s preferable, therefore, to use wider and

pr—

shorter tubes to maximilze the cleanabillity of the tubes. In one

preferred embodiment, 16 1nch wilide by 10 feet long hexagonal tubes

—

are used with 23° impact angle of the spray system, which allows

pr—

impaction cleaning approximately 3’ or approximately 1/3 of the

23
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way 1nto the tube.

In certailn embodiments, the spravy nozzles 305 are spaced along

—

the elongated rotational arms 202 to cover all of the collection

surfaces 1n the array 30 as the rotational arms 202 rotate about

pr—

the 1longitudinal axis of the support shaft 201. In certain

embodiments, both the support shaft 201 and the one or more

rotational arms 202 1nclude an 1nternal passage and are 1n fluid

communication with each other, so that washing 1liquid from a

washing ligquid source 1introduced into the support shaft 201 with

a driving force such as a pump, can flow from the support shaft

201, to the one or more rotational arms 202, and 1nto each nozzle

305, from which the washing 1liguid 1s ultimately discharged.

Preferably two rotational arms 202 extend coaxially radially

outwardly from the hub 203 on each nozzle movement assembly o2,

—

and the energy of the cleaning sprays are balanced opposilite each

other on the two rotational arms 202.

In various embodiments, a hydraulilc pulse generator 450 (FIG.

pre——

13) may be used upstream of the nozzle 305 to ald 1n 1mpaction.

For example, ligquid pump 455 may 1introduce washing fluld to the

pulse generator 450, which causes the fluid to pulse as 1t flows

to the nozzle 305. In some embodiments, the pulse generator 450

may be partially bypassed via bypass line 460 to generate an

osclllating ligquid pressure wilith a posilitive base pressure. The

byvpass may have a controllable orifice 465 to vary the base line

24
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pressure manually, 1t may be varled 1n a stochastic automated

marnner.

B

In some embodiments as shown 1n FIG. 14, a fluidic oscillator

—

may be used as or as part of the nozzle 305. Fluidic oscillators

tyvpically have no moving parts and spray fluid from side-to-side,

generating alternate bursts of fluid.

—

In some embodiments, rotation of the nozzle movement assembly

52, and of the rotational arms 202 1n particular, may Dbe

pre——

effectuated by positionling one or more angled nozzles 210 on one

—

or more of the rotational arms 202, so that hydraulic energy 1s

pre——

used to drive the rotation of the rotational arms 202. Preferably

pr—
—

the angled nozzle 210 1s positioned at or near the free end of a

—

rotational arm 202, and 1s positioned at an angle of 35 to 65

degrees relative to vertical. In some embodiments, there are

—

plurality of spray nozzles 305 that are positioned at the same

angle relative to vertical (e.g., 0°), and a single angled nozzle

pre——

210 that 1s positlioned at the aforementioned angle of 35 to ©5

degrees, and therefore 1s also angled wilith respect to the plurality

pre——

of spray nozzles 305. Discharging washing liguid through the one

pr—

or more angled nozzles 210 causes rotation of the rotational arm

pr—

202. In certailn embodiments, the angle of the one or more angled

B

nozzles 210 may be adjustable, so as to adjust the speed of

pre——

rotation of the rotational arms 202. In embodiments where a spray

nozzle 305 1s threaded onto the rotational arm 202, the adjustment
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can be made by loosening or tilightening the spray nozzle 305 via

g

relative rotation o the nozzle and the rotational arm 202.

Rotational speeds up to about 10 rpm are sultable. Higher speeds

pr——

could be used, but do not offer any advantage and regqulre more

pr—

energy to achieve. A fluid pressure range of about 40-100 psig 1s

sultable to achieve the objectives discussed herein.

In certain embodiments, more than one such nozzle movement

assembly 52 can be positioned upstream of the cells 30A, as needed,

pre——

SO as to ensure spray coverage of a module e

pre——

"ective to clean all

desired surfaces.

In certaln embodliments, multiliple nozzle assembllies may be

installed at different elevations (relative to horizonal) to allow

for an overlapplng spray pattern for i1mproved cleaning without the

assembllies potentially 1nterfering with each other. FIG. 16

—

11llustrates such an embodiment. Where multiple rows of nozzle

assemblies are present, preferably the nozzle assemblies that are

diagonally positioned from each other are at the same elevation.

For example, 1n the embodiment shown 1n FIG. 16, nozzle assembly

000 1s at a first, lower elevation, while nozzle assembly 602 1s

at a second, higher elevation relative to nozzle 600; nozzle

assembly 004 1s at a high elevation, preferably the same higher

—

elevation as the higher elevation of nozzle assembly 602.

Similarly, nozzle assembly 606 1s at a low elevation, preferably

the same lower elevation as nozzle assembly ©00. This pattern
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continues with assemblies 008, 610, 612 and ©l1l4, so that 1in the

g

embodiment shown, there are two rows of four nozzle assemblies,

—

one row having an elevational arrangement of high-low-high-low

nozzle

assemblies (as viewed from left to right 1n the Figure),

pr—

and the other a correspondiling elevational arrangement of low—-high-

low—-high nozzle assemblies (as viewed from left to right in the

F'igure) .

In this way, an overlapplng spray pattern 1s achieved

while avoilding physical contact or 1nterference between adjacent

nozzle

rotational arms 202 of each assembly are at di

to 15°

assemblies as they rotate or otherwise move, silnce the

pre—— pre——

"erent elevations.

In certain embodlments the support shaft 201 may be angled up

from vertical such that assembly 52 is angled up to 15°

pr—

from horizontal. The purpose of this embodiment would be to allow

—

a different angle of Impaction within the tube to 1mprove cleaning.

—

Fach ot

the multiple assembliles 52 may be 1nstalled at the same or

different angle as necessary to achieve deslred cleaning. Sultable

angles

include from about 3° to about 15°, more preferably from

about 5% to about 10°. Thus, angles from about 3°, 4°, 5°, 6°, 7°,

8%, 9°,

assemb.

In

10°, 11°, 12°, 13°, 14°, and 15° may be sultable.

certaln embodliments, one or more downstream nozzle

—

1es 520 may be provided downstream of (e.g., above) the

cells 30A or collection surfaces, as seen 1n FIG. 2. The one or

pr—

more downstream nozzle assemblies 520 provided downstream of the

cells 30A or collection surfaces may be movable, like the one or
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pre——

more movable nozzle assembliles 52 provided upstream of the cells

—

30A or collection surfaces. The primary function of the one or

more downstream nozzle assemblies 520 1s to provide a rinse

pr—— pr— —

feature, e.g., to rinse loose material o of components such the

collection surfaces, and they also optionally may be used to

introduce a cleaning agent such as sodium hydroxide or sulfuric

acld. Since unlike the one or more upstream nozzle assemblies 52,

pre——
—

lmpactlion cleaning 1s not theilr primary functilion, the speed of

pre——

movement of TtThe one or more downstream nozzle assemblilies 520 1s

not critical, and angled nozzles need not be provided to create

pre——

hvdraullc motlve energy for rotation. ITts speed of rotation may

pr—

be dictated 1nstead by the amount of water flow; the more water

flow to the nozzles 520, the faster they rotate. Alternatively,
an electric motor can be used to move the one or more downstream
nozzle assemblilies 520. Simillarly, a motor may be used to move the

one or more upstream nozzle assemblies 52.

In certain embodiments, 1t may be desilrable to optimize the

pre——

spray pattern of the washing ligquid discharged from the nozzles

305. The use of fan nozzles that emit flat fan sprays 300 that

pr——

concentrate a high mass of liguid at moderate velocities 1n a small

area may be used, as shown i1in FIG. 7. In some embodiments, the

B

mass flux may be a 10 -2,000 lbs/ (ft%*s) with a velocity range of

30 to 120 feet per second. The lower end of 10 1lbs/ (ft2*s) 1is

approximately 50 to 200 times Jgreater than conventionally used.
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This provides a potentilal 1mpaction energy

140 to 450,

pr= = |} pr——
—

000 (lbg*ft) /

ux 1s 4

lmpaction, sur:

1s bullt up on the sur:

energy flux 1s achieved by

"ected by a number of
"ace roughness,

"ace.

(ft*s) .

—

focusing the 1liqguid

PCT/US2021/016729

flux 1n the range of

1

The actual 1mpaction enerqgy

varlables such as angle o1

—

—
o

and properties of any materilal that
As discussed previously this high

flow 1n a small

area and redquilres the nozzles to be moved to adequately clean the

pr—

majority of

the WESP sur:

"aces where builldup occurs.

These high

lmpaction energles could also be achilieved with low volume high

veloclty sprays as are commonly used 1n a standard pressure washer.

However, these systems redqulre very small passages to achleve the

high veloclties necessary and these passages are very prone tTO

foullng 1n the dirty environment of

pr—
—

a WESP. Therefore the high

volume, moderate veloclty liquid cleaning system described hereiln,

which allows larger

to plugging,

1s preferred.

are 100 to 500 1lbs/ (ft2*s)

In one pre:

"erred embodlment, mass

—

"low passages that are much less susceptible

fluxes

wlth a velocity range of 75 to 95 feet

per second. This provides a potential Impaction energy flux 1n the

pre——

range of approximately 10,000 to 70,000 (lbe*ft) / (ft2*s).

In an alternative embodiment,

pr——

an electric motor may be used

as the driving energy to drive the rotation of the rotational arms

202. Multiple pipes may be used with the spray nozzles 1nserted

along the length of the pipe,

pre——

as shown 1n FIG. 6A. The pilipes are

osclllated together by a single motor 301 with a linkage assembly
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303 1ncluding a lower header connecting rod 303A and a crank arm

connecting rod 303B connected to a pivot arm 304 (FIG. ©6B). The

osclllating movement moves the nozzles 305 so that they i1mpact the

pr—

tubes at different angles 1n different locations, tTo provide
cleaning. This embodiment requilires substantially more nozzles to

clean the same area as the rotary spilinning system embodliment, but

keeps the bearing surfaces from being exposed to the process

ligquid. When motor 301 rotates the assembly, rod 303B will push

arm 303C clockwlse as viewed 1n FIG. 6B durlng the rotation from

0 to 90 degrees. This will rotate shaft 302 clockwilse. When

rotating from 90 to 270 degrees, the rod 303B will rotate arm 303C

and shaft 302 counterclockwise. The rotation will proceed back to

clockwise from 270 to 0O degrees. Rod 303A connects the two arms

303C so that they move together.

In an alternative embodliment, with reference to FIGS. 8 and

9, one or more spray nozzles 2005 1n fluid communication with a

manifold 2006 or the like may be mounted on or near the side wall

101 of the WESP housing to spray washing ligquilid 1n a solid stream

1n a roughly horizontal plane. Preferably the nozzles 2005 are

located on eilither side of the WESP 1n order to be able to clean

all collecting surfaces. In certaln embodiments, the one or more

pr—

nozzles 2005 spray a tight column of liguid 1n open alr, and may

be smooth bore nozzles which exhibit such a tight column. A

deflection bar 2010 may be provided to move horilizontally along the
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wlth a linear drive 2009,

2017
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that when i1mpacted by the
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- the WESP, such as on one or more rails 2008 1n conjunction

The de:

"lection bar may 1nclude sur:

"aces

liguid column emitted from the one

or more nozzles 2005, deflect the solid column spray at an angle,

such as a 65° to 75° angle, creating a
collection tubes

the energy of the water hitting the appropriately con:

pre——

fan spray pattern 1nto the
for cleaning the same. Thus, 1n thils embodiment,

"1gured and

pre——

dimensioned surfaces 2011 of the deflection bar 2010 form the fan

sprav.

—

As seen 1n FIG. 9, an adjuster 2012 may be provided to

adjust the angle of the surfaces 2011 where the water column

contacts

the de:
portion of the washing 1liquid
electric,
embodliment has the advantage of
less prone to plugging and

WESP 1s operating. The manifold 2006 and a portion of the nozzle

—

pre——

"lection bar 2010 may be hydraulic,

bodies may be located outside the W

side wall 101, further facilitating maintenance thereof.

-

In certalin embodiments,

—
-

dace O]

fresh water or other c._

call

pre——

—

pre——

B

l1quid. As shown 1n F-

such as with an electric motor and a linear drive.

G

for deflection. Sultable sources of drive energy to move
such as by using a

supply used for c¢cleaning, or

This

using large spray nozzles that are

facllitate mailntalning them while the

ESP housing, e.g., external to

recirculating liquid may be used 1n

1 oA,

reclrculating liguid may be used continuously to gquench the process

gas to

operation of the WESP. The embodliment o:

saturation temperature

pr—

—

which 1s required for

31
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from a sultable source (e.g., city water 500) to supply washing

fluid to the upper and/or lower spray nozzles as shown. Thus, a

WESP recirculation tank 502 and a suiltable driving force such as

one or more pumps 505 are provided to supply the quench sprays 510

for quenching the process gas as 1t 1s 1ntroduced 1nto the WESP,

and a flush tank 503 and a suitable driving force such as one or

more pumps 506 are provided to supply fresh water to the upper

and/or lower spray nozzles. The flush tank 503 can be located

pr——

1nside of the recirculation tank 502 as shown 1n Figure 15A to

heat the flush water using the heat from the recirculating water,

which 1s typically 10 to 15 F 1less than the saturated air

temperature. In practice this heats the flush water to

approxilmately 40 to 00 F less than the recirculating water. In

certaln embodiments, the WESP has a fluid drain 512 1in fluid

communication with the recirculation tank 502 through suitable

pr— pr—
p— p—

ductwork or the like. The use of fresh water limits the amount of

water that can be used during the flush to less than or equal to

pre——

che amount of water that 1s evaporated by saturating the gas and

pre——

the amount of water that 1s removed through the system blowdown

507. Otherwise water will accumulate 1n the system.

In some embodiments such as that shown 1n FIG. 1 5B,

—

recilirculating ligquild also may be used as a source of washing fluid

supply. Using this liguid for cleaning collection surfaces allows

pr—

a much larger volume of liquid to be used for cleaning wilithout

32



WO 2021/081566 PCT/US2021/016729

pr—

lmpacting the accumulation of water 1n the system. The

pr——

reclrculating water typilically has a substantial amount of solids

1n 1t (between 2-4% by welight). Accordingly, the 1liguid may be

filtered or screened to remove larger solids (typically Jgreater

than 1/8”). Therefore, as discussed above the spraying components

may be designed to function while flowing the particulate laden

water. As shown 1n FIG. 15B, Water from the recirculation tank

pre——

502’ 1is used as the source of washing fluid to the upper and/or

lower spray nozzles and to the qgquench sprays 510" as shown. A

sultable driving force such as one or more pumps 505’ are provided

to supply the gquench sprays 510’ for gquenchiling the process gas as

1t 1s 1ntroduced 1nto the WESP, and to supply recilrculating water

to the upper and/or lower spray nozzles. In certalin embodiments,

the WESP has a fluid drain 5127 1n fluild communication with the

recilrculation tank 502’ through suitable ductwork or the like. In

this case, fresh water from a sultable source (e.g. city water

5007 ) 1s only used as make—-up water as needed to balance the system

from evaporation losses and system blowdown 5077,

In certaln embodiments, hotter ligquid, such as reclrculating

water, may be used 1n the spraving system for 1mproved cleaning.

—

Higher temperatures 1ncrease the solubility of nearly all solids.

B

"ectiliveness of

By using higher temperature cleaning liquid, the e

the cleaning can be enhanced substantially. Typilical temperature

ranges of from 150 to 180 °F are suitable.
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In certaln embodiments, tTthe cleanling may be performed when

g p—

" 1l1ne.

the process flow through the WESP module 1s © Che process

1s online through the WESP during a cleaning cycle, essentially no

pr—— pr—

particulate 1s being removed because the power must be shut o

durilng a cleaning cycle. Therefore, the cleaning cycle time must

pre——
—

be relatively short (<5 milnutes) because of regulatory or

pre——

downstream process redqulrements. Cleaning the module offline

pr——

allows the system to take extended time for c¢leaning while

minimizing the downstream 1mpact by malntaining the particular

—

removal of the gas 1n other WESP modules 1n parallel with the

module belng cleaned. The extended offline cleaning can enhance

pr—

the use of common c¢leaning chemicals such sodium hvydroxide or

sulfuric acid by allowling these chemicals time to react with the

pr— g—

buildup before being rinsed off, which can dJgreatly 1improve the

— —

‘1clency. Another benefit of this embodiment 1s that

removal e

pr—

none of the milist created during the washing cycle 1s carried

pre——

downstream of the egqulpment, since there 1s no ailrflow durilng the

cleaning cycle.

If the WESP 1s an upflow design, another embodiment 1s to

—

include a rinsing flow from the top of the WESP either during or

at the conclusion of the 1mpaction cleaning performed at the bottom

—

of the WESP. This rinsing flow can elther be stationary or moving

as described for the I1mpaction cleaning sprays. The rinsing sprays

pre——

provide a method of rinsing o

pr

any solids loosened and pushed up
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1n the WESP by the lower i1mpaction sprays.

g

A final rinse of the WESP with fresh water after the cleaning

cycle 1s filnished may be carried out. This final cleaning cycle

serves to remove residual solids left when the recirculating water

pr—

as well as to flush any residual solids out of the

pr— gr—

1s turned o

wash plping.

EXAMPLLE

Consider a 3 module upflow WESP system treating 150,000 ACFM of

polluted air. Timers 1n the control system 1nitiate the cleaning

cycle for one of the modules. The followlng steps may be performed.

¢ The module to be cleaned 1s 1solated from the process gas

—

elther by closing a damper or other means of stoppiling the

process gas flow to that module.

¢ The process gas flow 1s forced to flow through the two modules

remalning online where 1t 1s still cleaned at a modest 1loss

pre——

1n efficiency because of the higher flow rate.

¢ The power to the electrostatic system 1s turned o after the

g —
p—

Ow 1s stopped.

pr— p—

e After the power 1s turned off, one or more lower (1.e.,

g

upstream of the collection surfaces) rotary spln systems 1S

activated, spraving approximately 900 GPM (gallons per

—
-

minute) of hot recirculating water. The splnners remaln on
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for approximately 30 seconds, rotating at approximately 2 RPM

to remove any loose deposits.

pr—

¢ A cleaning solution of sodium hydroxide (or other cleaning

agent) and water can then be applied through the upper spravs

pr—

(1.e., downstream of the collection surfaces) for a short

period (e.g., 15 to 30 seconds).

¢ One or more lower rotary spln systems 1s then turned on agailn,

pr—

spraving approximately 900 GPM of recirculating water. The

splnners remaln on for 3 to 5 minutes, rotating at

approximately 2 RPM, for primary cleaning.

e Once complete, an upper rinse spray, running at 450 GPM of

reclrculating water, 1s turned on for 1 to 2 mlnutes to wash

down material dislodged by the primary cleaning cycle.

¢ During this time, 100 GPM of fresh water may be flushed

through the lower sprays for 30 to 60 seconds to flush the

reclrculating water out of the plping.

pr—

¢ A final rinse of either fresh water or c¢leaning solution

through the top sprays 1s carried out to clean the upper spray

lance and any residue left by the recilrculating water. A

—

flow rate of approximately 100 GPM for 15 to 30 seconds may

be used.

pre——

e A delay of approximately 2 minutes may be employed for excess

water to drain Dbefore power 1s turned back on to the
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electrodes and air flow 1s reestablished through the module.
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What 1s claimed 1s:

1. A particulate removal device for removing particulate from a

process gas, sald device comprilising:

a houslng comprilising a plenum having a gas 1nlet for the

pr—

introduction of process gas 1nto sald housiling; a gas outlet

pre——

for discharge of treated process gas from said housing; at

least one lonlizing electrode; at least one tubular

particulate collection electrode; said plenum being in fluid
communilication with said at least one 1onlzing electrode and
sald at least one tubular particulate collection electrode;

and at least one movable nozzle 1n said lower plenum

configured to discharge washing liguilid towards said at least

one tubular collection electrode to dislodge particulate

matter from said at least one tubular collection electrode.

—

2. The particulate removal device of claim 1, wherelin sailid at

least one movable nozzle 1s rotatable about a shaft on a

vertical axis.

—

3. The particulate removal device of claim 2, whereln said

movable nozzle 1s mounted on one or more arms mounted to a

rotating hub.

pr—
—

4., The particulate removal device of claim 3, wherein said shaft,

hub, and arms are hollow and liquid 1s pumped through said

shaft, hub, and arms to said nozzle.
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10.

11.

12.

pre——

pre——

PCT/US2021/016729

. The particulate removal device of claim 4, whereilin there are

plurality of nozzles positioned on sald one Or more arms.

pr—
-

. The particulate removal device of claim 5, whereln one o:

—

B

sald plurality of nozzles 1s angled relative to vertical.

pr—

. The particulate removal device of clalm 6, whereiln

discharging liquid through the angled nozzle causes rotation

pre——

of said one or more arms around salid rotating hub.

pre——

pre——

of rotation 1s adjusted by rotating

angled nozzle manually.

pre——

—

of rotation 1s adjusted by rotating

angled nozzle with an actuator.

. The particulate removal device of claim 7/, wherein the speed

pr—

the position of said

. The particulate removal device of claim 7/, wherein the speed

B

the position of said

—

The particulate removal device o:

pre——

orlfice on one of the one or more arms

vertical.

discharging 1liguid through the orifice causes rotation of

-~ claim b5, whereln an

1s angled relative to

—

The particulate removal device of claim 10, wherein

sald one or more arms around sald rotating hub.

pr—

The particulate removal device of claim 11, further

comprilising a movable member movable wlth respect to said one

Oor more arms to partially block said orifice.
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13.

14.

15.

lo.

17.

18.

19

The particulate removal device o:

—

PCT/US2021/016729

- claim 12,

whereilin said

movable member 1s plvotable with respect to sailid one or more

arlns.

The particu

late removable device o0

pr—

claim 12, wherein

—

sald movable member 1s axlally translatable on one of said

orne oOr Imnore arlis.

—

rotating hub 1s moved by an actuator.

comprilisling one Oor more

The particulate removal device o

plenum and having a longitudinal axis,

pr——

The particulate removal device of claim b5,

wherein the

claim 1, further

rotating support sha:

"ts 1n sald lower

sald support shaft

supportling one or more arms, whereln sald at least one nozzle

1s poslitioned on

sald one or more arms, and wherein sald one

Or more arms 1s adapted to rotate about said longitudinal

axls.

there are plurality o:

darlns.

The particulate removal device of

The particulate removal device oO:

pr—

—

—

longitudinal sha:

The particulate removal device O:

pr—
—

clailm 16, wherein

-

- claim 17,

"t 1s rotated by an actuator.

alm

- nozzles positioned on sald one Or more

whereilin said

18, whereln

multiple longltudinal shafts are rotated by one electric

motor with a linkage assembly.
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pre——

20. The particulate removal device of clailm 19, whereln the

longiltudinal shaft and arms are hollow and ligquid 1s pumped

through the shaft to the nozzles mounted on salid arms.

pr——

21. The particulate removal device of c¢laim 1, further

comprlsing a downstream nozzle assembly positioned 1n said

pre——

housing downstream, 1n the direction of process gas flow from

—

sald 1nlet to sald outlet, of said at least one tubular

particulate collection electrode.

pre——

22 . The particulate removal device of claim 1, wherein said

at least one movable nozzle 1s configured to discharge washing

—

liquid at a velocity of at least 30 feet per second towards

sald at least one tubular collection electrode and 1mpact

sald at least one tubular collection electrode at a mass flux

of at least 10 1lbs/ (ft4*s) to dislodge particulate matter from

sald at least one tubular collection electrode.

23. A method of c¢leaning a partiliculate removal device,

comprilising:

supplying washing liguid to at least one movable nozzle

g

1n a plenum of a particulate removal device comprising a

—

houslng having a gas 1nlet for the i1ntroduction of process

gas 1nto saild housing; a gas outlet for discharge of treated

process gas from salid housing; at least one 1onizing

electrode; at least one tubular particulate collection

electrode; saild plenum being 1n fluild communicatlion with said
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24,

29.

at least one 1onizing electrode and sald at least one tubular

particulate collection electrode; and discharging said

washing liguid from sailid nozzle towards sailid at least one

tubular particulate collection electrode to dislodge

particulate matter from sailid at least one tubular particulate

collection electrode while moving sald at least one movable

—

nozzle, such that substantially all surfaces of the

collection electrode below the maximum helight that can be

reached are directly 1mpacted by the washing fluid at an angle

pre——

of 12° or greater, where 90° is normal to the surface.

pre——

The method of claim 23, wherein said movement of said at

least one nozzle 1s rotational movement.

A particulate removal device for removing partiliculate

from a process gas, sald device comprilsing:

a houslng comprilising a plenum having a gas 1nlet for the

pr—

introduction of process gas 1nto salid housing; a Jgas outlet

pre——

for discharge of treated process gas from said housing; at

least one 1onizing electrode; at least one particulate

collection electrode; sald plenum belng 1n fluid

communilication with said at least one 1onlzing electrode and

sald at least one particulate collection electrode, and a

lower high wvoltage frame positloned below sald particulate
collection electrode comprises at least one electrode support

beam supporting said at least one 1onlzing electrode.
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—

26. The particulate removal device of claim 25, whereln said

pr——

housing has a roof, said device further comprising electrical

pr—

insulators supported from sald roof wherein sald lower high

voltage frame 1s connected to and supported by said
lnsulators.
27 . The particulate removal device of claim 25, further

comprising an upper high voltage frame; and whereiln saild lower

high voltage frame 1s connected to and supported by said upper

high voltage support frame.

—

23. The particulate removal device of claim 25, whereln said

housing has side walls, and wherein said lower high voltage

frame 1s supported from electrical 1nsulators mounted 1n
lnsulator compartments on sald side walls, below sald at least

one collection electrode.

29. A particulate removal device for removing particulate

from a process gas, sald device comprising:

a housing comprising a plenum having a gas 1nlet for the

—

introduction of process gas 1nto sald housing; a gas outlet

pr——

for discharge of treated process gas from said housing; at

least one 1onizing electrode; at least one particulate

g —
p—

collection electrode; sald plenum belng 1n fluid

communication with said at least one 1onlzing electrode and

sald at least one particulate collection electrode; and at

least one movable nozzle 1n said lower plenum configured to
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30.

31.

discharge washing liguid towards sald at least one collection

electrode at a mass flux of at least 10 1bs/(ft2*s) and a

velocity of at least 30 feet per second towards sailid at least

one collecting electrode to dislodge particulate matter from

sald at least one collection electrode.

—

The particular removal device of claim 29, where saild at

least one particulate collection electrode 1s tubular.

pr—

The particulate removal device of claim 29, wherein

pr—

there are a plurality of particulate collection electrodes

pre——

arranged 1n an array, and each of the particulate collection

electrodes within said plurallity are hexagonal 1n cross-

section.
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