.1 {DESCRIPTION} {Title of Invention} DUST-REMOVI NG APPARATUS {Techni cal
Field} {0001.} The present invention relates to dust-renoving
apparatuses applied to, for exanple, integrated gasification conbined cycle

“(1GCC) facilities and pressurized fl uidi zed-bed conbusti on (PFBC) conbi ned
cycle facilities, particularly, to a dust-renoving apparatus that repeats a
backwash operation, in which a high-pressure nediumis supplied and
st opped, {REBRRAPERONEequency and that controls the operation wth val ves.

{Background Art} {0002}
{Title of Invention}

DUST-REMOVING APPARATUS
{Technical Field}
{0001}

The present invention relates to dust-removing
apparatuses applied to, for example, integrated gasification
combined cycle (IGCC) facilities and pressurized fluidized-bed
combustion (PFBC) combined cycle facilities, particularly, to
a dust-removing apparatus that repeats a backwash operation,
in which a high-pressure medium is supplied and stopped, with
high frequency and that controls the operation with wvalves.
{Background Art}

{0002}

As a system for removing dust from a dust-containing gas,
for example, a candle-type porcous filter system is known in
the related art. This porous filter system collects and
removes dust from gas passing through porous filter elements.
Therefore, as caked dust collected on the filter surfaces of
the porous filter elements grows, it increases the flow
resistance, thus raising the differential pressure of the
porous filter elements (filter differential pressure).

To decrease the differential pressure of the porous
filter elements for continuous operation of the system,

therefore, a backwash system needs to be operated in which



-As a systemfor renoving dust froma dust-containing gas, for exanple, a
candl e-type porous filter systemis known in the related art. This porous
filter systemcollects and renoves dust from gas passing through porous
«filter elements. Therefore, as caked dust collected on the filter surfaces
of the porous filter elenments grows, itZincreases the flow resistance, thus
raising the differential pressure of the porous filter elenents (filter

di f f er eba@kwpskessyres .performdd dechbasenghe difhepeassakepgessineoof the
porous filter elenments for continuous operation of the system therefore, a
backwas h: sy sé et &eedst t thbepoperat £d1 + 8r Wbl 6hensbackwasbapg ksdaper for ned
by blowi ng a high-pressure gas into the outlets of the porous filter

el ement spd v el gase s erRyecdushe deppehted 9n the syrbasces;fethe porous
filter elements. (00031 In a known exanple of a porous filter system
shown in Fig. s reference sign 10 in the figure is a porous filter

(dust -renovi ng apparatus), reference sign 12 is a vessel body, reference
sign 14 Q? ¢% orous filter elenent, reference sign 16 is a filter tube
sheet, r Q& ce sign 18 is a dustcontaining-gas introduction pipe,
reference sign 20 is a clean 9as outlet, and reference sign 22 is a dust

di scharge outt®t® WY po¥ytRI¢| Pfe? ROTPYScHAtFGhr 8USEERhSRAYE 4D
dust-containing gas is introduced fromthe dust-containing-gas introduction
pi pe 18 T o therseesenceodiun2l0passelet hrgugh iheapppbassffiieerel ements
14, which are provided in |arge nunbers, and flows out of the vessel from

t he cl eatdygsis-vendein@appsrdtes dustefentacail agggads2 passesvehsolighotihe
porous filter elenments 14, therefore, the dust, being conposed of

parti cl esefésesepasBhedld rom 4 heogass Wit host beémgnepl eeForpass gm{;@ugh t he
porous filter elenments 14 and is deposited and collected on the filter

surfaces; f; 4 he porous {hhd e4n&tMeRLBe1dnc£0094n 18 is a dust-

containing~gas introduction pipe, reference sign 20 is a clean
gas outlet, and reference sign 22 is a dust discharge outlet.
This porous filter 10 is configured such that a dust-
containing gas is introduced from the dust-containing-gas
introduction pipe 18 into the vessel body 12, passes through
the porous filter elements 14, which are provided in large
numbers, and flows out of the vessel from the clean gas outlet
20. As the dust-~containing gas passes through the porous
filter elements 14, therefore, the dust, being cocmposed of
particles, is separated from the gas without being able to
pass through the porous filter elements 14 and is deposited
and collected on the filter surfaces of the porous filter
elements 14.

{0004}

In addition, a backwash system for releasing and removing



.I'n addition, a backwash systemfor rel easing and renoving 3 caked dust
deposited and grown on the filter surfaces of the porous filter elenents 14
is configured to blow a high-pressure gas into backwash nozzles 34 through

-a mai n backwash pi pe 31 connected to hi gh-pressure-gas supply equi pnent 30
such as a conpressor. That is, the back¥Wash system for the porous filter 10
can blow a high-pressure gas into the outlets of the porous filter elenents
14 (cl eanahad dustetisposntaddandcgronnopposheeftioteheshikdncdisr edt itbr of the
dust-containing gas to rel ease and renove caked dust deposited on the

filter spofagesrbytaragsepéntbelll ow ebnbiighrpaessubeocgas. hi@aoe5} In
the exanple structure shown, for continuous operation within a process, the

filter grpupsueONgesedneb bherlasgenpyahes oh pALBUSKHf bl hehinebgarRRbsn14
installed in the vessel body 12, is divided into a plurality of (in the

exanpl e f nLng a 0 b h_.pi ann32b, 32c,
and 32d ‘br %2 éd8g§%6§#§%1gﬁdh?éggégﬁ%ggfgoggﬁhgﬁﬁg?g %QEE&%@ﬁ%pFBe 31 are
B pes. 328 Shob 35EoRaRa° 358 ol B b At ket Vi e o SEB o, And S6d.
respectively. ) The openi ng/ cl osj ng. operati on of the backwash val ves
36a, 36bKCBBE? Eth%BdlpsCﬁ%nﬁg%H @uEﬁgPﬁQFeﬁéﬁﬁﬁaBaBaéRﬁ&sﬁpﬁg°P§18§§cuted
for each group or for each set of several separate groups so that the flow
of the deSttienparenpgfgaternebagpntheldedséraBodpsioubiethe pbréus filter
10 shows | ess variation. 4

direction opposite to the flow direction of the dust-

containing gas to release and remove caked dust deposited on
the filter surfaces by means of the flow of high-pressure gas.
{0005}

In the example structure shown, for continuous operation
within a process, the filter group, composed of the large
number of porous filter elements 14 installed in the vessel
body 12, is divided into a plurality of (in the example shown,
four) cleaning areas, and four backwash pipes 32a, 32b, 32c,
and 32d branched off from and independent of the main backwash
pipe 31 are provided for the respective groups of the cleaning
areas. The backwash pipes 32a, 32k, 32c, and 32d have
backwash wvalves 36a, 36b, 36c, and 36d, respectively.

The opening/closing operation of the backwash valves 36a,
36b, 36c, and 36d is managed such that regular backwashing is
executed for each group or for each set of several separate
groups so that the flow of the dust-containing gas'through the

vessel body 12 of the porous filter 10 shows less variation.



. The backwash pipes 32a, 32b, 32c, and 32d and the backwash val ves 36a, 36b,
36¢c, and 36d are collectively referred to as backwash pi pes 32 and backwash
val ves 36, respectively, unless the cleaning areas need to be

- di stingui shed. {0006} As a known backwash apparatus using conpressed
gas, on the other hand, one conposed of4a conpressed gas source and a gas
reservoir space having valves on the upstream and downstream si des thereof
i s di sclbsedcaak®Tsh Ipbpéowd2dhi $2backdashaappakdt asdi sheohficguwred such
t hat a hi gh-responsespeed valve is used as the downstream val ve to renove
al | dustvgepesi sed, opsieperasty &ndit B6dt abescuitbcaisboyt rpakseed{ €ot aki on

List} {Patent Literature} {0007} {PTL 1} Publication of Japanese Patent No.
3128261 fuielBEY Pipbdvenrtinllbackwash valves 36, respectively, unless

the cleaning areas need to be distinguished.

{0006}

As 2z known backwash apparatus using compressed gas, on
the other hand, one composed of a compressed gas source and a
gas reservoir space having valves on the upstream and
downstream sides thereof is disclosed in PTL 1 below. This
backwash apparatus is configured such that a high-response-
speed valve is used as the downstream valve to remove all dust
deposited on ceramic filter tubes with a short pulse.
{Citation List}

{Patent Literature}
{0007}
{PTL 1}

Publication of Japanese Patent No. 312826l
{Summary of Invention}

{Technical Problem}
{0008}

A system that regularly supplies a backwash high-pressure
gas to perform backwashing, as in the known porous filter
system described above, needs to operate the backwash valves,
which are opened and closed for supplying the high-pressure

gas, at high speed (the time for actuation from a closed state



. {Techni cal Problent {0008} A systemthat regularly supplies a
backwash hi gh-pressure gas to perform backwashi ng, as in the known porous
filter system descri bed above, needs to operate the backwash val ves, which
-are opened and cl osed for supplying the high-pressure gas, at high speed
(the tinme for actuation froma closed state 5 to an open state or from an
open state to a closed state is about 0.1 to 0.2 seconds) to reduce the
amount ofo glepsesstatee gas Souppl aedopen t fleaporvosafcleeedesbaknt s

I n addi tion, the backwash val ves of the above backwash system generally
oper at e GyQiYy Geveralom sk esnd©) swb t ebdbest weled supphyi 68 Abghst oppi ng t he

hi gh- pressure gas. {0009}
pressure gas supplied to the porous filter elements.

In addition, the backwash valves of the above backwash
system generally operate every several minutes to switch
between supplying and stopping the high-pressure gas.

{0009}

The time during which the high-pressure gas is supplied
(the operating time of the backwash valves from opening until
closing) is several seconds (five seconds or less, preferably
one second or less); therefore, an extremely high rotational
(opening/closing) speed is required for the type of backwash
valve that is opened and closed by rotating a valve element
through 90°.

Consequently, the backwash valves are opened and closed
at a high frequency (several tens of thousands to hundreds of
thousands of times per year) and a high speed (the time from a
closed state to a closed state again, via an open state, is
about 0.2 to several seconds), which makes ensuring
reljability an important challenge.

If the backwash valves fail, the porous filter elements
cannot be backwashed in some cleaning areas, possibly leading
to an increased pressure loss in the porous filter system or a
limited amount of dust-containing gas being processed (limited

plant load due to the limited amount of dust-cecntaining gas



. The time during which the high-pressure gas is supplied (the operating tine
of the backwash val ves fromopening until closing) is several seconds (five
seconds or less, preferably one second or less); therefore, an extrenely

~high rotational (opening/closing) speed is required for the type of
backwash val ve that is opened and cl ose@ by rotating a val ve el enent
t hr ough 90. Consequent |y, the backwash val ves are opened and cl osed
at a hi ghefnequeoncysf$seéviey athe edssof rémousandspparatndi eds of thousands of
times per year) and a high speed (the time froma closed state to a cl osed
state agapmipoyi a an open state, is about 0.2 to several seconds), which
makes ensuring reliability an inportant chall enge. I f the backwash

val ves fail, A§§1ﬁ9f09ﬁlél$£@kd§b mepher£angoL hembagkwashgd in sone
cl eani ng areas; possibly | eadlng 0 an increased pressure loss in the

B?L?:isfe'd*éf %%“%d %bﬁ‘? %ﬁ%ﬁl?@t’%ﬁd"%‘g{fﬁélﬁﬁoﬁﬁé%P%%E? 08t ni ng
- 00

Agai nst TS bABRETOB, PHRFECHS BoUbANd Fof Cah FARSUbnBACHIASEhe

durability and operating reliability of a dust-renoving apparatus having a

filter ebépedd %%k%ﬂa%hh%9gfﬁﬁ?ﬁ§Pﬁ@ 42hi YhtPpr é8BGEPECHasPRF R 1 Fpr oved

operating conditions for backwash val ves, which are opened and cl osed with
hi gh freguesityions for backwash valves, which are opened and closed

with high frequency.

An object of the present invention, which has been made
in light of the above circumstances, is to provide a dust-
removing apparatus having a backwash system using a high-
pressure gas with improved durability and operating
reliakbility by improving operating conditions, such as the
frequency at which backwash valves are opened and closed.
{Solution to Problem}

{0011}

To solve the above problem, the present invention employs
the following solutions.

A dust-removing apparatus according to the present
invention is a dust-removing apparatus in which dust that has
been collected from a gas through a filter group installed in
a vessel body onto filter surfaces is removed from the filter
surfaces by backwashing in which the supply and stoppage of a
backwash high-pressure medium ejected toward the filters are

repeated by means of a valve operation; a high-pressure-medium



-An object of the present invention, which has been made in |light of the
above circunstances, is to provide a dust-renoving apparatus having a
backwash system using a hi gh-pressure gas with inproved durability and

~operating reliability by inproving operating conditions, such as the
frequency at which backwash val ves are bpened and cl osed. {Solution to
Probl ent {0011} To sol ve the above problem the present invention
enpl oys phesfwolé ownogusbi et obank having dusupsenmesinngaappasht uslaecordi ng
to the present invention is a dust-renoving apparatus in which dust that
has beemmwdl| & eddweds f roam abgakwh fin oughva isl iestgidoep inshkahligd-in a vessel
body onto filter surfaces is renoved fromthe filter surfaces by

backwas hh Ags & Whh &1 e SUPREY BREoSERPPRYENOEhA Baekwash Righ=pressure
medium ej ected toward the filters are repeated by nmeans of a val ve

operat i gy & g i L85 UL &~ GBI +ToRT £SRYEE-BEEUTHLBLAL 4t ARk BAYLag an

upstrea wash val ve and ownstream sh valve 1s Insta in a

hi ghpr essur e- nedi um . passage t hrough ich i gh-pressure nmedi um
1S90 GetP 19 IR RoRgke | EEE IRL 60, Lhe BACKIAS] MHLBEEREMEE,

ej ecting the backwash gﬁ h- Lessure medi um.toward the fi]ter group to form
a backwd®thiynpPedsdr -%E%{ HEUphPYP | FRelOBRdat RRCBUEPBL PpPRSsure of the

hi gh- pressure-medi um source is set to "1/ critical pressure ratio" or nore
times a Presenrermediyassppebgultngy #RAt thAeCRT b6 spEBaSBESt fE the

hi gh- pressure nedi um ej ected fromthe backwash nozzle is the speed of

sound. {l00di}pressure-medium source is set to "1 / critical pressure

ratio™ or more times a filter inlet gas pressure so that the
flow speed of the high-pressure mediunm ejected from the
backwash neozzle is the speed cof sound.

{0012}

In this dust-removing apparatus, because the high-
pressure-medium pressure accumulator tank having the upstream
backwash valve and the downstream backwash valve is installed
in the high-pressure-medium passage through which the backwash
high-pressure medium is guided from the high-pressure-medium
source to the backwash nozzle for ejecting the backwash high-
pressure medium toward the filter group tce form the backwash
high~-pressure-medium supply line, and because the outlet
pressure of the high-pressure-medium source is set to "1 /
critical pressure ratio" or more times the filter inlet gas
pressure so that the flow speed of the high-pressure medium
ejected from the backwash nozzle is the speed of sound, the

backwash high-pressure medium stored in the high-pressure-



-In this dust-renoving apparatus, because the hi ghpressure-nedi um pressure
accunmul ator tank having the upstream backwash val ve and t he downstream
backwash valve is installed in the high-pressure-nedi um passage through
~whi ch the backwash hi gh-pressure nmediumis guided fromthe

hi gh- pressur e-nedi um source to the backtvash nozzle for ejecting the
backwash hi gh-pressure nmediumtoward the filter group to formthe backwash
hi gh- pr essdi en npdé sisw sepptyuhihetoantdabkcaaseving aat bebupfessurskof the
hi gh- pressure-nmedi um source is set to "1 / critical pressure ratio" or nore
times theaintiensi thetogabepressssersoof hahet hackivashspeedlef athe high

hi gh- pressure nedi um ej ected fromthe backwash nozzle is the speed of
sound, tﬁ@e@@@féﬂﬁftﬂ&ﬁb-@ﬁ@ﬁﬁﬂgeaﬁ@d&yﬁb§ﬁgr@HeiBohhgtbbgﬁ-ﬁééﬁﬁaéﬁ- 8
medi um pressure accunul ator tank, serving as a buffer tank, maintains the
out | et r . the ozzl i gh:pressye | t opening
and cIog?%g§%h§tg%ﬁggt?%gﬁgﬁgﬁﬁags gvi?%%hg?bh?%ﬁﬂépéeg?s?ﬁgﬁggg, W t hout
usi ng a high- ed- oper at ed,_yval ye f strea Kk val ve, thus
allomjng°9%¥?§% ev%gg veghi g gowng{f%gﬁdg$¥?g%?ﬁigggﬁ%'ﬁgg Feam backwash
val ve is ¢l osed dur'n%bfackmashin , the high-pressure gas is not supplied
to the bAEkMESHEnb2r12P+H BACKHRERI"Exceedi ng the capacity of the

hi gh- pressure-nmedi um pressure accunul ator tank even if the opening/closing
operation of ihe2ddihseheahf bheRwWABAT afPeLpskypply VabYE3)S Closegn t he
above invention, preferably, a high-pressure-nediumstorage tank is

i nst al | etuatnanbackveshofigt hehai lghphessaseunedgam sounce, suhpehedetlaces t he
pressure variation of the backwash hi gh-pressure nediumto stabilize the
pressureclod paekhaskwashz hé ghn paiessusentedkdsechaggetei bhpathey of the

hi ghpr essur e- medi um pressure accunul ator tank. It is desirable to

provi de 1@ £RNbFOLs VB ViGedihah SPEEaLLS HependiagoenthAe LHBRAr ipr easure of
t he hi gh-pressure-nmedi um storage tank on the hi gh-pressure-nedi um source

side of 5$@h£ﬁ§?&?£§§§&r8§§?9£Hg%ngr@Hg nghstream backwash valve is
slow.
{0013}

In the above invention, preferably, a high-pressure-
medium storage tank is installed at an outlet of the high-
pressure-medium source, which reduces the pressure variation
of the backwash high-pressure medium to stabilize the pressure
of the backwash high-pressure medium charged into the high-
pressure-medium pressure accumulator tank.

It is desirable to provide a control valve that operates
depending on the inner pressure of the high-pressure-medium
storage tank on the high-pressure-medium source side of the
high-pressure-medium storage tank.

{0014}

In the abeove invention, preferably, the backwash high-



- {0014} In the above invention, preferably, the backwash high- 9
pressure-nedi um supply line branches into a plurality of

hi ghpr essur e- nedi um branch supply |ines downstream of the

= hi ghpr essur e-nmedi um source, and the hi gh-pressure-nedi um branch supply
lines are assigned to a plurality of cl®aning areas into which the filter
group i s divided, which reduces the anount of backwash hi gh-pressure nedi um
requi r edepessbackwediunperppl vnl indusraskhayg inteasypioraseéty of high-

| ow speed- operat ed val ve for the downstream backwash val ve together with a
rel ati vepyes onrcanadi tiy htghepresspl - hegdesmipwrssueemaccutuéahoghtank
{0015} In the above invention, preferably, a backwash openi ng/cl osing

procedurgr &f st he-Hast ik agd @Pde doNRgt £ BaMh DgekpRsBsMab VRS Nl HE8ScR
backwash- prepari ng procedure conposed of a high-pressure-mnmedi um chargi ng

pr ocedurgu\}%]\_/%l PEhOg Lhe Qﬁé‘i‘%%&ga% b§ﬁ§%§Q1¥§V8faEﬁeQHEH%;”EréQﬁe“pSt ream

backwash to charge t ckwash pressure nediumrnto t

hi gh- pressur e-.medi u ressure accunul ator _tank to,_a predeterm ped pressure,
AR A L R eers S b LN AR R s et S e v
of closing the upstream backwash val ve to intain the pressure in the

hi gh- pr S¥ERNRE rfeti i Presi Ut eI ReRERTF A e hRmaFeﬂHérEBeH%FePﬁFh‘éﬂSh
pressure; and a sequential backwash procedure conposed of a

backwas PR 9hg ProT iRk Df LopeaFigh ® heSdodn5PreaRtbdcRRAEALSEl ve for a

predeterm ned period of time to supply
valve for the downstream backwash valve together with a

relatively low-capacity high-pressure-medium pressure
accumulator tank.
{0015}

In the above invention, preferably, a backwash
opening/closing procedure of the upstream and downstream
backwash valves includes a backwash-preparing procedure
composed of a high-pressure-medium charging procedure of
closing the downstream backwash valve and opening the upstream
backwash valve to charge the backwash high-pressure medium
into the high-pressure-medium pressure accumulator tank to a
predetermined pressure, thereby raising the pressure therein,
and a2 pressure-maintaining procedure of closing the upstream
backwash valve to maintain the pressure in the high-pressure-
medium pressure accumulator tank at the predetermined
pressure; and a sequential backwash procedure composed of a
backwash-executing procedure of opening the downstream

backwash valve for a predetermined period of time to supply



.10 the backwash hi gh-pressure nmedi umfromthe high-pressure-nedi um pressure
accunmul ator tank to the backwash nozzle, a high-pressure-nedi umrecharging
procedure of closing the downstream backwash val ve and openi ng the upstream
-backwash val ve to recharge the backwash hi gh-pressure nediuminto the

hi gh- pressur e- medi um pressure accunul atlér tank to the predeterm ned
pressure, thereby raising the pressure therein, and a recharged-pressure

mai nt ai nilhg paokedshehbdfhepbossagreéhmedpatr Eapmbabkwashhvalkeestugemai nt ai n
the recharged pressure in the high-pressure-nmedi um pressure accumnul at or
tank at héeiphegdetesntraedcpunssdter anfkt be brekvashwpsbcedureel,Sa
sequentially carried out once conpletion of the backwash operati on has been

confirmed; {Qr,£acH, L -hbEei Bhutakhk¥q9hgCheaREAUral 88Sclosing YWhkh this
procedure, “upon conpletion of the backwash-preparing proceddre, which

char ges S . gh-pr e dj Lnto e _high-pre re-nmedi um
pressureégﬁ%gﬁg%%ﬁoga?%ﬁgs$o$§§g%eagﬁe?#ghggprégs&pgggsﬁér%%%kgggging t he
pressure therejn, and which closes th st ream backwash.val ve to intain
Phe” prectttEefHO: FECRRbRE o BE R ERHaaN uHE BPEEErr 8 EEc HRtiifor "EREDRL 't he
predeterm ned pressure, the plurality of separate cleaning areas can be
sequent i Al 9Y-PEERAAERSHCBHEMaPE BF SHABt REFUBYL8HPPI ARG TReth&ckwash

hi gh- pressure medi um from t he hi gh-pressure-nedi um pressure accunul at or
tank to phedbbekmashdnpzebeuren hbdrebgnraipdongcshpl pre6AUsE BAEK®RASKI ng,
11 the backwash hi gh-pressure nmedi um can be recharged into the

hi gh- pr essdr e- redhamypdegsassuaccumihabdnihgnkrooceduepanée tdosting néxt
backwashi ng whil e anot her cl eaning area is bei ng backwashed. {0016}

In the abgyeréavenhéRRashr ehevabty, mhhata@APLAki eacahrybe baekwask in
operation for each of the cleaning areas is determ ned based on the out put

of a Seﬁg§§gﬁ%§H5§£éﬁ£h9@—&egiﬁﬁ ppstLaam apduAgmashreannkagkwash val ves,

whi ch a ackwashing to be sequentially continued in the next cleaning

I
o ) PR ShOBREL e 3ol Do PRk AnosbcRaEkiea ng |5 assumed
sequentially carried out once completion of the backwash
operation has been confirmed for each of the plurality of
cleaning areas.

With this procedure, upon completion of the backwash-
preparing procedure, which charges the backwash high-pressure
medium into the high-pressure-medium pressure accumulator tank
to a predetermined pressure, thereby raising the pressure
therein, and which c¢loses the upstream backwash valve to
maintain the pressure in the high-pressure-medium pressure
accumulator tank at the predetermined pressure, the plurality
of separate cleaning areas can be sequentially backwashed one
after another by supplying the backwash high-pressure medium

from the high-pressure-medium pressure accumulator tank to the

backwash nozzle. In addition, upon completion of backwashing,



-{0017} In the above invention, preferably, a pressure gauge is
install ed on the high-pressure-nedi um pressure accumnmul ator tank to detect a
pressure accumul ator tank inner pressure, and the pressure accumrul ator tank
-inner pressure is used as a basis for determning the timng at which the
upst ream backwash valve is closed in tA& pressure-naintaining procedure and
the timng at which the downstream backwash valve is closed in the

hi gh- pr eslseirleankdasim hegchapgeagupeoveduns, cahi bh fachhirgatiesneonthel for
setting the pressure of the highpressure-nedi um pressure accumnul ator tank
to a pressgnepbestusdiheditn packvasdi Agcumd2a{0018xnk to pkephle d@beve
invention, preferably, a differential pressure gauge for detecting the

diTferen&ﬁéln@£@55a5@w9§hgﬁg fhiteragpederi s1bpstabl gdeanithgevagsel body,
which allows the filter differential pressure to be maintained within an

approprigt g, rangesby appropriately changing the backwash pressure and cycle
time depénding on changes in filter differential pressure. {Advantageous
Ef fects Péoigyention} {0019}

In the above invention, preferably, the completion of the
backwash operation for each of the cleaning areas is
determined based on the output of a sequence instruction to
the upstream and downstream backwash valves, which allows
backwashing to be sequentially continued in the next cleaning
area without being stopped because the completion of
backwashing is assumed even if the valves malfunction and stop
halfway.

{0017}

In the above invention, preferably, a pressure gauge 1is
installed on the high-pressure-medium pressure accumulator
tank to detect a pressure accumulator tank inner pressure, and
the pressure accumulator tank inner pressure is used as a
basis for determining the timing at which the upstream
backwash valve is closed in the pressure-maintaining procedure
and the timing at which the downstream backwash valve is
closed in the high-pressure-medium recharging procedure, which
facilitates control for setting the pressure of the high-
pressure-medium pressure accumulator tank to a pressure best

suited to backwashing.



-I'n the dust-renoving apparatus of the present invention described above,

t he hi gh-pressure-nedi um pressure accunul ator tank, serving as a buffer
tank, is installed to allow the use of | ow speed-operated valves for the
-backwash operation. The use of | ow speed-operated valves for the backwash
operation inproves the operating conditlilons of the backwash val ves, thus
providing a remarkabl e inprovenent in the durability of the backwash val ves
and conséQehtly inproving the operating reliability of the dust-renoving
appar at us. In addition, in the event of a malfunction in the backwash
val ves, the aphubheofibbackvasbnbigh; ppesserebiedi undsdppkeadita the filter
group of the dust-renoving apparatus is |[imted by the capacity of the

hi gh- pr essus o FEAGHIYOT £68UASLAEEYAY! 8her qt apkrBReayseptBesUpst beamhe
backmash val ve of “the high-pressure-nedi um pressure accunulator tank is

closed tmed? Lbe.gust-{REDYE NG apRatALUSCaLOST BLAGS. yhhien! LowoLa! engl the

backmash essure ne um contri utes to" a |stur ance in the

fl ow of dus ntaipin i.s_reduge al,l o dust renmoval to
be com.#uﬁ b ehEERHAUELOR, UPheobir B0 b e na P S e R 691 ng 1 he
operating Stablllt% of the dust-reanln% pparatus and therefore of a plant
equi ppeFRPTAPTHRT ug?ng%n5¥|ﬁﬁp5685F§F &y ?EﬁpgﬁnﬁegéﬁlﬁﬁFBHaSP Dr awi ngs}

{0020} {Fig. 1}
pressure and cycle time depending on changes in filter

differential pressure.
{Advantageous Effects of Invention}
{0019}

In the dust-removing apparatus of the present invention
described above, the high-pressure-medium pressure accumulator
tank, serving as a buffer tank, is installed to allow the use
of low-speed-operated valves for the backwash cperation. The
use of low-speed-operated valves for the backwash operation
improves the operating conditions of the backwash wvalves, thus
providing a remarkable improvement in the durability of the
backwash wvalves and consequentily improving the operating
reliability of the dust-removing apparatus.

In addition, in the event of a malfunction in the
backwash valves, the amcocunt of backwash high-pressure medium
supplied to the filter group of the dust-removing apparatus is
limited by the capacity of the high-pressure-medium pressure
accumulator tank because the upstream backwash valve of the

high-pressure-medium pressure accumulator tank is closed. In



.Fig. 1 is a systemdiagramshow ng the structure of a first enbodi nent of a
dust -renovi ng apparatus according to the present invention. {Fig. 2}
Fig. 2 is a graph showi ng changes in the pressure and flow rate of
-hi gh-pressure gas with the opening and cl osi ng of backwash val ves duri ng
backwashing in the known art and the prlesent invention. {Fig. 3} Fi g.
3 is a systemdiagram showi ng the structure of a second enbodi nent of a
dust - r enbkienduappaeatusngceppdicagute therpfesent thrvdéabviwomateFiog. the Fig. 4
is a system di agram showi ng the structure of a third enbodi ment of a
dust - r empytR@a8RPBL ghupraseqrdi mgdtiamf hehich contributes to a
disturbance in the flow of the dust-containing gas, is
reduced, which allows dust removal to be continued with a
less-varying, more-stable flew, thus improving the operating
stability of the dust-removing apparatus and therefore of a
plant equipped with the dust-removing apparatus.
{Brief Description of Drawings}
{0020}
{Fig. 1}
Fig. 1 is a system diagram showing the structure of a
first embodiment of a dust-removing apparatus according to the
present invention.
{Fig. 2}
Fig. 2 is a graph showing changes in the pressure and
flow rate of high-pressure gas with the opening and closing of
backwash valves during backwashing in the known art and the
present invention.
{Fig. 3}
Fig. 3 is a system diagram showing the structure of a
second embodiment of a dust-removing apparatus according to
the present invention.
{Fig. 4}

Fig. 4 1s a system diagram showing the structure of a

third embodiment of a dust-removing apparatus according to the



.14 present invention. {Fig. 5} Fig. 5 is a systemdiagram show ng the
structure of a fourth enbodi nent of a dust-renoving apparatus according to

the present invention. {Fig. 6} Fig. 6 is a system di agram show ng
.the structure of a fifth enbodi nent of a dust-renoving apparatus according
to the present invention. {Fig. 7} 14

present invention.
{Fig. 5}

Fig. 5 is a system diagram showing the structure of a
fourth embodiment of a dust-removing apparatus according to
the present invention.

{Fig. 6}

Fig. 6 is a system diagram showing the structure of a
fifth embodiment of a dust-removing apparatus according to the
present invention.

{Fig. 7}

Fig. 7 is a system diagram showing the structure of a
known example of a dust-removing apparatus.
{Description of Embodiments}

{0021}

An embodiment of a dust-removing apparatus according to
the present invention will be described below based on the
drawings.

First Embodiment

A porous filter (dust-removing apparatus) 10A of the
embodiment shown in Fig. 1 is a candle-type porous filter
system that removes dust from a dust-containing gas. This
porous filter 10A includes a filter group composed of a large
number of porous filter elements 14 installed in a vessel body
12. The dust-containing gas, which contains dust, is

introduced into the vessel through a dust-containing-gas



~Fig. 7 is a systemdiagram showi ng the structure of a known exanple of a

dust -renovi ng apparatus. {Description of Enbodi nents} {0021} An
enbodi ment of a dust-renoving apparatus according to the present invention
.wi Il be described bel ow based on the drawi ngs. First Enbodi nent A

porous filter (dust-renoving apparatus)l510A of the enbodi mrent shown in Fig.
1 is a candle-type porous filter systemthat renpbves dust froma

dust - conimt fdgeigasn dives porouspdsddeat 10hei hohvadesontiohtef gheup
conposed of a |arge nunmber of porous filter elenents 14 installed in a
vessel bpgdysdP.pddy thist - containing gas, which contains dust, is introduced
into the vessel through a dust-containing-gas 15

This dust-containing gas passes through the porous filter
elements 14 in the vessel body 12 and flows out of the vessel
from a clean gas outlet 20. During this process, the gas
component of the dust-containing gas passes through the porous
filter elements 14, whereas the dust, being composed of
particles, is deposited and collected on filter surfaces.
Reference sign 16 in the figure is a filter tube sheet
supporting the large number of porous filter elements 14, and
reference sign 22 is a dust discharge outlet from which the
dust is discharged outside the vessel body 12.

{0022}

The above porous filter 10A collects the dust through the
filter group installed in the vessel body 12 onto the porous
filter elements 14. To remove caked dust deposited and grown
on the filter surfaces in the dust-containing gas, therefore,
the porous filter 10A has a backwash system for releasing and
removing the caked dust by means of a reverse gas flow.

This backwash system performs backwashing, that is,
removes dust from the filter surfaces, by ejecting a high-
pressure gas {backwash high-pressure medium}, such as nitrogen
gas, into the filter outlets toward the filter back surfaces

of the porous filter elements 14 to form a high-pressure gas

flow in the opposite direction to the dust-containing gas,



_introduction pipe 18 disposed at the | ower portion of the vessel body 12.
Thi s dust-containing gas passes through the porous filter elenents 14 in

t he vessel body 12 and flows out of the vessel froma clean gas outlet 20.
~During this process, the gas conponent of the dust-containing gas passes

t hrough the porous filter elenents 14, 1whereas the dust, being conposed of
particles, is deposited and collected on filter surfaces. Reference sign 16
in the figarebysraléasivey tabedstest deppsitedgohhehkafgétaunberfeteporous
filter elenments 14, and reference sign 22 is a dust discharge outlet from

whi ch t hen dyshatBwassLhar 0ede b st de bher¥psseingodypd2yihg022d The
above porous filter 10A collects the dust through the filter group

install ed bn 1 he VesSElgpodyed2:PBt Q25heyPAEOHS bkl tRE 8heRBALPc14sidg
remove caked dust deposited and grown on"the filter surfaces in the

dUSt'Conéaé‘éPéé‘Qogaéf LOey 8L Oéfs%égs%pgﬁogsgéhi&géh19$gH@§r839895‘i"ash system
for releasing and renoving the Take us y neans of “a reverse gas flow.
Thi s backw%sh sgste performs backwashing, that is, renmoves dust fromthe
filter SUY %%%s,u%@f%j tt¥hg a high-pressure gas (backwash hi gh-pressure
medi um), such as nitrogen gas, into the filter outlets toward the filter
back surf@e€3} of the porous filter el ements 14 to forma hi gh-pressure gas
flowin the opposite direction to the dust-containing gas, 16 thereby
rel easi ng cakBee dustkdepossyedeonfohethe| perosar fadesr TARsibadkdashing is
execut ed by repeating supplying and stopping the high-pressure gas by neans
of the openanglghosragsopermatddamotovateeshidysposedsiineagbhackwaphy
hi gh- pressur e- medi um supply |ine.
eguipment 30, such as a compressor, for supplying a high-
pressure gas to backwash nozzles 34. A backwash high-
pressure-medium supply line through which the high-pressure
gas 1s supplied from the high-pressure-gas supply egquipment 30
to the backwash nozzles 34 includes, for example, a main
backwash pipe 31 connected to the high-pressure—-gas supply
egquipment 30 and four backwash pipes 32a, 32b, 32c¢, and 32d
branched off from the main backwash pipe 31. The number of
backwash pipes branched off is not iimited to four, as shown;
it may be changed depending on the number of separate cleaning
areas, described later.
{0024}
The backwash pipe 32a described above has a backwash tank
42a installed therein as a high-pressure-medium pressure
accumulator tank having an upstream backwash valve 38a and a

downstream backwash valve 40a. Likewise, the backwash pipe

32b has a backwash tank 42b having an upstream backwash valve



. {00231 The backwash system for the porous filter 10A includes, as a

hi gh- pressur e- medi um sour ce, hi gh-pressure-gas supply equi pnent 30, such as

a conpressor, for supplying a high-pressure gas to backwash nozzles 34. A

- backwash hi ghpressure-nmedi um supply line through which the high-pressure

gas is supplied fromthe high-pressureigas supply equipnment 30 to the

backwash nozzl es 34 includes, for exanple, a nmain backwash pipe 31

connect e3Bl ceridiea hilgin P essuries gasa siuppd yve g lpnens t 3Dl addt hieneibackivash

pi pes 32a, 32b, 32c, and 32d branched off fromthe main backwash pi pe 31.

The numcmamgk%p@mm pess by ancdiesh of ftask No2c| havied 40 tpgtreas shown;
ep

it may be change endi ng on the nunber of separate cleaning areas,

describedl liaf ety {0024 138c and TNEIORCENBSIN P REKWLSH deSEL & beg-above has a
backwash tank 42a installed therein as a high-pressure-nedi um pressure

h
accunul at or, tank.havi ng. an t val v n ream
backwasHuV%ﬁ%gﬂ%%é?h?f éﬁﬁ§%§§t%§§g%%§§£s B?béé3§%§ﬁ§%§agb§%ggﬁ§%ﬁtank 42b
havi ng an S m backwash val ve 7 38b and _a. do ream backwash val ve
400 1 DSt i DT ETHIS 151 WHEKVERR T pera50 Fakve BECKIRah tank 42¢ having
an upstream backwash val ve 38c_ and a downstream backwash val ve 40c
i nst al | edPhErEeFD Raekwaeh barkiRishOpi pestatl pdstaepatkwasiaanke 42 *havi ng

an upstream backwash val ve 38d and a downstream backwash val ve 40d

i nst al | dshalheash nsySten 95, thdepbaskwasensydivenof heaheapresenat enbodi ment
has a val ve arrangenent in which two backwash valves are installed, with a
backwas ha #@dkg ehheposiad et ateetwd hiea t kwa backahshs vateesnstat ledgchwbabkaash
i ne. In the foll owi ng description, the backwash pi pes 32a, 32b, 32c,

and 32d,p4 ke A0St 3 baskyesh vatvesn 38Re 886, b38kwadRdva38des] heor
downstr eam backwash val ves 40a, 40b, 40c, and 40d, and the backwash tanks

s e Ra AR ATLBG,erie, [elErLs Lo o8 beghoash ppee 2
tanks 42, respectjvely) ) Wl &5 Sad 08, £H880) "9: AL eAS REELn 1 PEs Al L ! nguil shed.
32b, 32c¢, and 32d, the upstream backwash valves 38a, 38b, 38¢c,
and 38d, the downstream backwash valves 40a, 40b, 40c, and
40d, and the backwash tanks 42a, 42b, 4Z2c, and 42d are
collectively referred to as backwash pipes 32, upstream
backwash valves 38, downstream backwash valves 40, and
backwash tanks 42, respectively, unless the cleaning areas
need to be distinguished.
{0025}

In addition, a high-pressure-gas pressure gauge 44 for
detecting the outlet pressure Pc of the high-pressure gas is
installed in the main backwash pipe 31 near the outlet of the
high-pressure-gas supply equipment 30 (the inlets of the

upstream backwash valves).

Furthermore, a filter inlet pressure gauge 24 for



. {0025} In addition, a high-pressure-gas pressure gauge 44 for
detecting the outlet pressure Pc of the high-pressure gas is installed in
t he mai n backwash pi pe 31 near the outlet of the high-pressure-gas supply
~equi prrent 30 (the inlets of the upstream backwash valves). Furthernore, a
filter inlet pressure gauge 24 for 181Measuring the inlet gas pressure Pf
of the porous filter elenents 14 is installed on the vessel body 12 or the
dust contra¢aas gigasthat fotect gas prpesi8e PH26% the pohsua Eedukt, the
backwash hi gh-pressure-nmedi um supply line through which the backwash

hi gh- pr essathien@a@s110i bei ghesl eddt ont bref vbbee10peup 0f bhetrperausthilter
el ements 14 is guided fromthe high-pressure-gas supply equipnent 30 to the

backwash.nQzzl §sn3dghs {herchsaripg pigasipasses through the main backwash
pi pe 31 and one o% ?he backwash pi pes gZa,
{0026}

As a result, the backwash high-pressure-medium supply
line through which the backwash high-pressure gas to be
ejected to the filter group of the porous filter elements 14
is guided from the high-pressure-gas supply equipment 30 to
the backwash nozzles 34 in the cleaning areas passes through
the main backwash pipe 31 and one of the backwash pipes 3Za,
32b, 32c¢, and 32d, which form a high-pressure-medium passage,
and the backwash tanks 42a, 4Zb, 42c¢, and 42d, which include
the upstream backwash valves 38a, 38b, 38c, and 38d and the
downstream backwash valves 40a, 40b, 40c, and 40d,
respectively, are installed in the backwash pipes 32a, 32b,
32c, and 32d, respectively.

{0027}

In the backwash system shown, for continuous operation
within a process in which the porous filter 10A is installed,
the filter group composed of the porous filter elements 14
installed in the wvessel body 12 is divided into a plurality of
(in the example shown, four) cleaning areas. The division
into the cleaning areas reduces the amount of high-pressure
gas required per backwash operation, thus making it easy to

use low-speed-operated valves for the downstream backwash



.32b, 32c, and 32d, which form a high-pressure-nedi um passage, and the
backwash tanks 42a, 42b, 42c, and 42d, which include the upstream backwash
val ves 38a, 38b, 38c, and 38d and t he downstream backwash val ves 40a, 40b,
-40c, and 40d, respectively, are installed in the backwash pi pes 32a, 32h,
32c, and 32d, respectively. {00271 19 I n the backwash system shown, for
conti nuous operation within a process in which the porous filter 10A is
instal |l echltde 40| tegegheupwonpbsedcapatheypoeoksathl tenkel épentsn 14
installed in the vessel body 12 is divided into a plurality of (in the
exanpl e shoVtioh PUtle Ctea8i 8 eneapigHhgrdbyisbogakntapphe ehaaphagtrareas
reduces the anmount of high-pressure gas required per backwash operation,
thus makifo.it SasyedQ-dige | ow speed-operated val ves for the downstream
backwash 19 val ves 40 together with | ow capacity backwash tanks 42. In

addition, th [ of . t he hi gh- re-gas_s I n n
rech;d. eig:%ggh%%%gbngé%g%%%ggﬁgngagaﬁebggggéﬂg%$Fg??§%8§g35?egg$or

h cl i . b i di t he f h. pi 2a, 32b, .32c, d
s A S S L N o e s
respective groups of the cleaning areas and opening and closing the
upst r eamt HackIesh F2d ve4d Ipsanapd 3BE, faaE 38d ARdePRBAEBWNSEr EBfh backwash

val ves 40a, 40b, 40c, and 40d for the respective cleaning areas. That is,
backwas it florcleezsh cheomi Ay heoreathe nespgetivectirohps eégbhar backwashi ng
is executed for each group or for each set of several separate groups so
t hat thecidawinatereds ted hdgdn prig@ssud echasingethéoupbaeknashangwashr educed
for less variation in the flow of the dust-containing gas through the
vessel bpgyyd2 ofaf hespoross, fih&essd0ind the downstream backwash

valves 40a, 40b, 40c, and 40d for the respective cleaning

areas. That is, backwashing for each cleaning area is managed

such that regular backwashing is executed for each group or

for each set of several separate groups so that the flow rate

of the high-pressure gas used for backwashing is reduced for

less wvariation in the flow of the dust-containing gas through

the vessel body 12 of the porous filter 10A.

{0028}

The thus-configured backwash system sets the outlet

pressure Pc of the high-pressure-gas supply equipment 30

detected by the high-pressure-gas pressure gauge 44 to the

critical pressure or higher of the inlet gas pressure Pf

detected by the filter inlet pressure gauge 24 so that the

flow speed of the high-pressure gas ejected from the backwash

nozzles 34 is the speed of sound. Here, the high-pressure-gas

pressure Pc is set such that the ratio (Pf£/Pc) of the filter



. {00281 The thus-configured backwash system sets the outl et pressure
Pc of the high-pressure-gas supply equi pnment 30 detected by the

hi gh- pressure-gas pressure gauge 44 to the critical pressure or higher of
-the inlet gas pressure Pf detected by the filter inlet pressure gauge 24 so
that the fl ow speed of the high-pressu2e® gas ejected fromthe backwash
nozzles 34 is the speed of sound. Here, the high-pressure-gas pressure Pc
is set siuchet hgdstbeesatre PPfiEcihoef hibe-pressure2@abnpetsgagsepbPessare Pf
to the high-pressure-gas pressure Pc is |lower than or equal to a critica

pressur el ddi Or_hé/%tcb\rt@?mnl €b gasrptessurprBEsdeteebedoby wihenfihder inlet
pressure gauge 24, th | ow speed of the high-pressure gas ejected fromthe

backwash; npzzl 835 3dre YO £D ?fedé%é’cég Hg%ﬁ@a@lil@@&e%le%aﬁr@%s{I‘:}ée
reliably set to the speed of sound he critical pressure

a0 sqgiyensby the %94;&%@@&99%(9%155' biealupLegsure;Lathg Bl Pe =

the backwash nozzles 34, which are located upstream thereof,
can be more reliably set to the speed of sound.
{0029}

The critical pressure ratio is given by the following
equation:

critical pressure ratio = Pf/Pc = [2/(xk+1)]1x/(x-1)

In this equation, k is the specific heat ratic; if the
high-pressure gas used is nitrogen, x = 1.4, and hence the
critical pressure ratio is 0.5283.

That 1is, for the critical pressure ratio, the high-
pressure-gas pressure Pc is 1/0.5283 = 1.89 times as high as
the filter inlet gas pressure Pf.

{0030}

The valve management of the backwash system described
above, that is, the backwash opening/closing procedure of the
upstream backwash wvalves 38 and the downstream backwash wvalves
40, includes a "backwash-preparing procedure," which is a
valve operation before execution of backwashing, and a
"backwash procedure," which is a valve operation during
execution of backwashing.

The backwash-preparing procedure is composed of a high-



In this equation, x is the specific heat ratio; if the high-pressure gas
used is nitrogen, x = 1.4, and hence the critical pressure ratio is 0.5283.
That is, for the critical pressure ratio, the highpressure-gas pressure Pc

-1s 1/0.5283 = 1.89 tines as high as the filter inlet gas pressure Pf
100301 The val ve managenent of tBé backwash system descri bed above,
that is, the backwash opening/cl osing procedure of the upstream backwash
val ves 38ramsitdensdimst ceany bag kwestedaleesf 40jiosnoyutes downstream
"backwash- preparing procedure,” which is a val ve operation before execution

of backvmsdiwngsh angll ve s bag kaas hopeRiegut Be "upbt €8amSbackabye 0pEaLI 00
duri ng execution of backwashi ng. The backwash-preparing procedure is

conposed: Of ciga R @hehe 21 P essSeESarRAL YT £hBS LAY PhokRENherhks! 951 pg the
downst r eam backwash val ves 38 and opéni ng the upstream backwash val ves 40

to charge Lhes /N O P €SS €. 9080 | MR LS, backupsh Laoks,42.h00a

predet erm pr éssur e, ereby rarsing thé pressure therern, and a
pressure-naintainiqg %rocedure of _closing the ugs&rean1 acimash val ves 38
to mai ntE@ R THY predsurRE FRS the BAtRWashTPankEC439 4t t RE predetdr i*Red
pressure. That is, the backwash-preparing. procedure is a preparatory
pr ocedurd 3 oFedRt 3 ¢ R R baRkvias habl kO stat Rt YN chaf gPRESBHEShiBhiPRessur e
gas until the pressure in the backwash tanks 42 reaches the predeterm ned
pr essur akivash i samips ndd | T atlpe eRsedeteubsnadt Paesyusgual That the die et
pressure Pc detected by the high-pressure-gas pressure gauge 44.
backwash~preparing procedure is a preparatory procedure for

entering a backwashable state by charging the high-pressure
gas until the pressure in the backwash tanks 42 reaches the
predetermined pressure, which is normally a pressure
substantially equal to the outlet pressure Pc detected by the
high-pressure-gas pressure gauge 44.

{0031}

Next, the backwash procedure is a sequential valve
opening/closing procedure composed of a backwash-executing
procedure of opening the downstream backwash valves 40 for a
predetermined period of time to supply the high-pressure gas
from the backwash tanks 42 to the backwash nozzles 34, a high-
pressure-medium recharging procedure of closing the downstream
backwash valves 40 and opening the upstream backwash valves 38
to recharge the high-pressure gas into the backwash tanks 42
to a predetermined pressure, thereby raising the pressure
therein, and a recharged-pressure maintaining procedure of

closing the upstream backwash valves 38 to maintain the




- {0031} Next, the backwash procedure is a sequential valve
openi ng/ cl osi ng procedure conposed of a backwash-executing procedure of
openi ng the downstream backwash val ves 40 for a predeterm ned period of
~time to supply the high-pressure gas fromthe backwash tanks 42 to the
backwash nozzl es 34, a hi ghpressure-nedizum rechargi ng procedure of closing
t he downstream backwash val ves 40 and openi ng the upstream backwash val ves
38 to rechahgegéfiepheghupeessutbeghsckrteht henkack®ash tarks 42 to a
predeterm ned pressure, thereby raising the pressure therein, and a

r echar gegrpaessunensBi ptaksing. proecesus£cbla sh ost dgedies upst r eam backwash
valves 38 to maintain the 22 recharged pressure in the backwash tanks 42

at the psegdetRtihned pressHACoulhbachackBsRLREACEEUER:! Baggauant i ally
carried ouf once conpletion of the backwash operation has been confirned

for eac“o%r%@foﬁ'ﬂ%@' Eé%ﬂgéﬁﬁkﬁf‘ﬂgﬂgfSEeéﬁchTP?t the, g%‘ig%\%ggﬁb%“ on of

backwashi y €ejecting gh-pressure gas from the bac nozzl es 34
has been ﬁonfirned for oq@?cleanin area t?e sane@qukmgsh grocedure is
carried BUT PHPItRESARKt ClEan frg &ea; CTTPIRT oMy, BF TXEF ¥ahiTAg 4r eas are
sequenti al ly backwashed. Thi s backwash procedure is repeatedly
carried %M?C%%n%nt%%pr%?TEFﬁséyéﬁegPFn@FOWﬂFﬁeegéﬁkyéﬁhiﬁ@F&&Pﬁg34
sequenti al |y backwashi ng all cleaning areas once or a predeterm ned nunber
of tineshagOplen confirmpdr 8p6rencupbhavonpl etken bhet RembabkRe&yRSPr epari ng
procedure, which charges the high-pressure gas into the backwash tanks 42

to a predeteesdunedipressuied(bot Exanphe, nehée clthetinpr essareiBcxhikher eby
rai sing the pressure therein, and which closes the upstream backwash val ves

38 to mavaypi A1l helpaessyr erkhst heebaekuwashikanksnhé2katshbe.predet erm ned
pressure, the plurality of separate cleaning areas can be sequentially

backwashed On?hﬁétBécﬁ@géﬂebr9¥e3H98|XE”Qe%@Qt@BQQ‘Eé%%%%&eoﬂ%saﬁrgﬁ‘the
backwash tanks 42 to the backwash nozzl es 34.

appropriate cycle time, with each set including sequentially
backwashing all cleaning areas once or a predetermined number
of times.

{0032}

Therefore, upon completion of the backwash-preparing
procedure, which charges the high-pressure gas intc the
backwash tanks 42 to a predetermined pressure (for example,
the outlet pressure Pc), thereby raising the pressure therein,
and which closes the upstream backwash valves 38 to maintain
the pressure in the backwash tanks 42 at the predetermined
pressure, the plurality of separate cleaning areas can be
sequentially backwashed one after another by supplying the
high-pressure gas from the backwash tanks 42 to the backwash
nozzles 34.

In addition, upon completion of backwashing, the high-




_I'n addition, upon conpletion of backwashing, the high- 23 pressure gas can
be recharged into the backwash tanks 42 to prepare for the next backwashi ng
whi | e anot her cleaning area is being backwashed. The backwash tanks 42
.preferably have a capacity equivalent to the anount of high-pressure gas
required for about one or two backwash28perations. {0033} The

conpl etion of the backwash operation for each cleaning area described above
i s det erpiaresh basegds ot hee oud phud r 9fd ail sequene ebankvasiot tanks 042 heoupst r eam
backwash val ves 38 and t he downstream backwash val ves 40. That is, the

det er m natd P drd SEFRAENHInEONT A FkwGshDeg okh PUé QhoBheoNEIehni NGt sHEki ON tO
the val ves, rather than based on whether the val ve operation has been

act ual | y; £onm] &4 a0k Of O e d ACCR LI W2 JHOT KA £, p Va4 f hgs vl ves
mal function and stop hal fway, the conpletion of backwashi ng can be assuned

by confirm ng. the o r L nstryct i on. h even if a
nalfunct#%%é%%ﬁ r%gy%&%%ggéa %éggéb%% %gghéﬁgﬁ%gﬁs%aﬁgﬁ?Fgl#%Scontinued in
the next cleaning_area w thout being stopped,, so that.a nmalfunction in one
val ve doRSTHOES] G (3PP He S bf L TR GUBrar DRCKAALHMSyst em 100341
According to this enbodi nent, because the backwash tanks 42, serving as
buffer t 33} are installed between the upstream backwash val ves 38 and the

downst ream backwash val ves 40 to store the high-pressure gas at a
pr edet er mi ned’p? esyplstion of the backwash operation for each

cleaning area described above is determined based on the
output of a seqguence instruction to the upstream backwash
valves 38 and the downstream backwash valves 40. That is, the
determination is made by confirming the output of a control
instruction to the wvalves, rather than based on whether the
valve operation has been actually completed or not.
Accordingly, for example, even if the valves malfunction and
stop halfway, the completicn of backwashing can be assumed by
confirming the output of a control instruction.

Thus, even if a malfunction occurs in the wvalves,
backwashing is sequentially continued in the next cleaning
area without being stopped, so that a malfunction in one valve
does not lead to the stop of the overall backwash system.
{0034}

According to this embodiment, because the backwash tanks
42, serving as buffer tanks, are installed between the
upstream backwash valves 38 and the downstream backwash valves

40 to store the high-pressure gas at a predetermined pressure,




- 24 the backwash tanks 42 maintain the outlet pressure of the backwash
nozzles 34 at a high pressure to produce a consi derabl e backwashi ng effect
wi t hout usi ng hi gh-speed-operated val ves for the downstream backwash val ves
-40. In addition, because the upstream backwash val ves 38, | ocated
upstream of the backwash tanks 42, areZ2dl osed during backwashi ng, in which
t he downstream backwash val ves 40 are open, the anmount of high-pressure gas
fl owi ng fhenvadiewbsic kivasks ndz zhesnBdinntbet et pet opsefshtrerocél ehents 14 in
t he cl eaning areas does not exceed the capacity of the backwash tanks 42
even if baekopeni mgZel ©si M) opes ahigh pitesberdonnspreancbagkwash val ves 40
is slow. Furthernore, as the pressure of the backwash tanks 42 decreases

over tingsndheefiome r@é@k@éslﬁh@%héﬂbe@f esstheugass ehgchegni sparfhe backwash
nozzl es 34 decreases, so that the flow rate of the dust-containing gas

1o ng S0 olialy [Ney yes Bl DORY dw SHOYEah 53 HPLLA! L2y o4 0R85) Fi g.
2 shows anges in the pressure an ow rate of the high-pressure gas with
t he openi ng/ cl osi ng. oper at.i on_of the backwash val ves_ during_bac shi ng:
the soi1d 11 nb TR CRTe ChENBOSS | FiE o RhoRAm ab P ELRe TR v 95 B ch dses
hi gh- speed- oper at ed val ves_for the backwash val ves 36, and the dashed |ines
indicaté“§ﬁ§%§é§mﬁ$¥?ﬁﬂpﬁ%s%%? PavereFont{ske £ g. 215, ShAreH deedng
| ow- speed- operated val ves for the downstream 25

backwashing, in which the downstream backwash valves 40 are

cpen, the amount of high-pressure gas flowing from the
backwash nozzles 34 into the porcus filter elements 14 in the
cleaning areas does not exceed the capacity of the backwash
tanks 42 even if the opening/closing operation of the
downstream backwash valves 40 is slow. Furthermore, as the
pressure of the backwash tanks 42 decreases over time, the
flow rate of the high-pressure gas ejected from the backwash
nozzles 34 decreases, so that the flow rate of the dust-
containing gas flowing through the vessel body 12 shows less
variation.

{0035}

Fig. 2 shows changes in the pressure and flow rate of the
high-pressure gas with the opening/closing operation of the
backwash valves during backwashing: the solid lines indicate
changes in the known art (see Fig. 7}, which uses high-speed-
operated valves for the backwash wvalves 36, and the dashed
lines indicate changes in the present invention (see Fig. 1),

which uses low-speed-operated valves for the downstream




. backwash val ves 40. For the known art, the high-pressure gas is
supplied at the outlet pressure Pc substantially at the sane tine as val ve
openi ng because hi gh-speed-operated val ves are used for the backwash val ves
36 and, additionally, the high-pressure gas is constantly supplied fromthe
hi gh- pressure-gas supply equi pnent 30. 2Accordi ngly, the backwash nozzles 34
are supplied with the high-pressure gas at a flow rate corresponding to the
out| et preskuwashPealmésl 40al ve closing. That is, the flowrate of the

hi gh- pressure gas rises to its maxi num val ue instantaneously after the
backwash val vesr36har enewgnedi, abHet RegRUpREYsugeCqBkl Adedupplikat ast at e
until valve closing. The anount of high-pressure gas supplied between the

openi ng and &,0$LP9,0EsEhe-bAckYABRLYALYES130att RAE Lamet REMBMBUNG 40/
hi gh- pressure gas used for one backwash operation, is equal to the area of

t he rect I e S _ d Li [ h LLOur
(rectangﬁﬁ%ﬂiﬁ g%%%égg?nggggyggﬁggl%ﬁgrgg%ch Fﬁgstﬁégcﬁ§%8e¥92 Fpgm/rate).
100361 For th resent invention, on.the_pother hand, the downstream
backwasPAGKUBSh 260 TURF CROAP BT oRBEpERHRIH Vs ik B L8PaneaCarLh BHg 1°

hi gh- pressure gas charged into the backwash tanks 42 to substantially the
sane preSQufkaaklyhgupbliet predstie piohapEsParE§r§2sSt BEPPLYw rate of the
hi gh- pressure gas reaches the maximumflow rate with a tine delay from

val ve 28depenent. 3The fressiireg by tihee Darkiiaash taeksla, 36nathe ot her
hand, decreases gradually as the high-pressure gas flows out after valve
openi ng, sspplhatl ¢hehftbw hage-fdeessasesgaventt emélow rateHere, to eject

t he hi gh-pressure gas fromthe backwash nozzles 34 at the speed of sound or
hi gher, &berpspssdifgi Aot ABebagknashptapkard? paeadsitovhevihi ghesihlan or
equal to the critical pressure relative to the filter inlet gas pressure;

thereforgy,{ hesperh0de byt LaBeehEeChLVRifALphackWRsNLAG 1§ sEEOMt hegti me of
val ve opening to the tine te. Hence, because the anount of high-pressure

gas suppyl el during, Lhi 3. perl odoglietLMEels canal pha,lheyareq of e bal ched
region in efigure, to set € anount of " hi gh-pressure gas accanufiated in
t he backwash aanksd42 to, f0£ exanpl e, ,the annunh %quiv | ent tg onﬁ
backwashCRpR?dt i OAY the areBl¥f 1PheRhtBHED FBgBATNEY2HE MAFgEr VERYR or
equal to the area of the rectangl e described above. _

closing. The amount of high-pressure gas supplied between the

opening and closing of the backwash valves 36, that is, the
amount of high-pressure gas used for one backwash operation,
is equal to the area of the rectangular region enclosed by the
solid line in the figure (rectangular region formed by the
line indicating the change in flow rate).

{0036}

For the present invention, on the other hand, the
downstream backwash valves 40, which are low-speed valves, are
opened with the high-pressure gas charged into the backwash
tanks 42 to substantially the same pressure as the outlet
pressure Pc. Accordingly, the flow rate of the high-pressure

gas reaches the maximum flow rate with a time delay from valve




. {0037} Second Enbodi nent Next, a second enbodi ment of a dust-renoving
apparatus according to the present invention will be described based on
Fig. 3. The sane parts as those in the enbodi nent descri bed above are
-denoted by the sanme reference signs, and a detail ed description thereof is
omtted. In this enbodi nent, a high-pré@ésure-gas tank 46 serving 27 as a
hi gh- pressure-gas storage tank is installed at the outlet of

hi gh- pr egsaimiesgas T$ep plne sequieprientt 30 Haarkwsagiplbamicgs & i gin prlessurleegas t o
a backwash system for a porous filter 10B. In addition, while the

hi gh- pr assi - G8Sr &4 £5S Ul fa @adilRy 44s f e det g6t pAgshicc ogi b eF1pressute Pc of
the high-pressure gas is installed near the outlet of the high-pressure-gas

suppl y egid prept 30 dfed ey enbodipent « deset bhed, aboyerrda B ghpyessur e- gas
pressure gauge 44' is directly attached to the high-pressure-gas tank 46 in
this e j rent, where the pressure detected by the high-pressure-gas
pressure gauge 44' is used as the outlet pressure Pc of the high-pressure
gas to execute the sane.control as in the enbodi nept described aboye.
{00381 {0 (RS SSLEN | G i Toh P SIRFEr St et FPBne BF eBSakaagts ¢ ank
46 for storing the high-pressure gas at a predeterm ned pressure is

i nstal | EPZA1ehe> DAt ebhofSRPRA P GhsPrRed soF el §aRe5upply REBFPHERt 180, the
pressure shows | ess variation on the side fromwhich the high-pressure gas
i s suppltill haakivash trnlease? vikre@s t he e ghiphessthengas equdireet the
supplied, thus stabilizing the charged pressure in the backwash tanks 42.
Thi s resttitsi ¢anl nresefife creldt ane tel tlabl i backwashehggashpseashieyi ng
greater effectiveness in releasing and renovi ng caked dust fromthe filter

surfacestdrd fierHOrOUs péticd &f et Sedflect ivaddbti®ackihehusg 0§ the
i nner pressure of the high-pressure-gas tank 46 as the outlet pressure Pc
from the time of valve opening to the time te. Hence, because
the amount of high-pressure gas supplied during this period of
time is egqual to the area of the hatched region in the figure,
to set the amount of high-pressure gas accumulated in the
backwash tanks 42 to, for example, the amount equivalent to
one backwash operation, the area of the hatched region may be
larger than or equal to the area of the rectangle described
above.
{0037}
Second Embodiment
Next, a second embodiment of a dust-removing apparatus
according to the present invention will be described based on
Fig. 3. The same parts as those in the embodiment described
above are denoted by the same reference signs, and a detailed
description thereof is omitted.

In this embodiment, a high-pressure-gas tank 46 serving




. 28 enables nore stable control. 100391 Wi |l e the high-pressure-gas
supply equi pnment 30 starts or stops operating, or supplies or stops

suppl ying the high-pressure gas, depending on the outlet pressure Pc of the
~hi gh-pressure gas, the high-pressure-gas tank 46, which stores the

hi gh-pressure gas at the outlet pressui2d Pc, alleviates the pressure
variation of the high-pressure gas supplied to the backwash tanks 42. This
reduces abeaphigktpeevanratgen sfotrhgehtghkpiessuseagasdsappkthedotioithe
backwash tanks 42 and stabilizes the pressure of the high-pressure gas

charged bntpighepbaskwashqghankspA2y tHuspheddcBogrbkesnpphenngf at hAgs-t he
hi gh- pressure-gas supply equipnent 30 is started and stopped, which

lnDr0V95p£Q§sQHéa€bE'£¥ Qnﬂaéﬁhb§9'5y5¥eﬁffbbe EgHbHQE%EltéQOi@% Thigd
Enbodi nen , a third enbodi nent o dust - renovi ng appar at us

N

sane par S notegrby t he

same refglence: 3598 o{l‘gletdg%géLﬁgedﬁé%%p%h‘é“mgﬁr—ﬁ?sés'sﬁr‘émggtse?s

instalied near the outlet of the high-pressure-gas supply
equipment 30 in the embodiment described above, a high-
pressure—-gas pressure gauge 44' is directly attached to the
high-pressure-gas tank 46 in this embodiment, where the
pressure detected by the high-pressure-gas pressure gauge 44'
is used as the outlet pressure Pc of the high-pressure gas to
execute the same control as in the embodiment described above.
{0038}

With this configuration, in which the high-pressure-gas
tank 46 for storing the high-pressure gas at a predetermined
pressure is installed at the outlet of the high-pressure-gas
supply eguipment 30, the pressure shows less variation on the
side from which the high-pressure gas is supplied than in the
case where the high-pressure gas is directly supplied, thus
stabilizing the charged pressure in the backwash tanks 42.
This results in more efficient and reliable backwashing, thus
achieving greater effectiveness in releasing and removing
caked dust from the filter surfaces of the porous filter
elements 14. 1In addition, the use of the inner pressure of

the high-pressure-gas tank 46 as the outlet pressure Pc




.In this enbodi nent, a backwash system for a porous filter 10C has backwash
tank pressure gauges 48 installed on the backwash tanks 42 to detect
backwash tank inner pressure Pt. 29 The backwash tank pressure gauges 48a,
-48b, 48c, and 48d are installed on the backwash tanks 42a, 42b, 42c, and
42d, respectively; they are sinply ref@dred to as the backwash tank
pressure gauges 48 unless each |line needs to be distinguished. 100411
Thus, beemaiskes nmdhe sseabddi oentrbhe backwash tank pressure gauges 48 are
installed on the backwash tanks 42 in addition to the configuration

descri bedoomot he first enbodi ment di scussed above, the timng at which the
upstream backwash val ves 38 and the downstream backwash val ves 40 are

closed can beygeie UshO0nibr-packuash- ékahﬁ &y B&ﬁ%ﬁﬂéﬁtpﬁo whihebsi 8
detected at a position closer to the ackmas nozzl es 34, rather than using

the °““§E%;g£e§ é‘£§tfﬁ OfoI:hQu‘E}%EPBEeé?“%Eogéss&B@EgXquEhB”E?Em?’O detected

by the highpressure- ga pressu gauge 4 mng at “which the

t back 38 | h t hat th
OIS M T TS N T B IR S

nore tines the inlet gas pressure Pf detected by the filter inlet ressure
gauge 2LTPFPeHEP? aBryr 1018 BigksPoesSHvFe-gRe prBEshPe WEFCPhétéFFF|g
pressure ratio. The tim ng at which the downstream backwash valves 40
are cl osetighisesesserehgahatti theopeslahenrehsubackrashliankatafechpr essure
Pt decreases to less than "1 / critical pressure ratio" tinmes the inlet gas
pressur epPfsonre atathetiatest, the hBh-pressure gas supplied to the

backwash tanks 42. This reduces the pressure variation of the
high-pressure gas supplied to the backwash tanks 42 and
stabilizes the pressure of the high-pressure gas charged into
the backwash tanks 42, thus reducing the number of times the
high-pressure-gas supply equipment 30 is started and stopped,
which improves the durability and reliability of the'
eguipment.
{0040}
Third Embodiment

Next, a third embodiment of a dust-removing apparatus
according to the present invention will be described based on
Fig. 4. The same parts as those in the embodiments described
above are denoted by the same reference signs, and a detailed
description thereof is omitted.

In this embodiment, a backwash system for a porous filter
10C has backwash tank pressure gauges 48 installed on the

backwash tanks 42 to detect backwash tank inner pressure Pt.




0.9 tines or less the pressure for the critical pressure ratio. {0042}
Thus, because the backwash tank pressure gauges 48 are installed on the
‘backwash tanks 42, the pressure of the high-pressure gas can be set to a
~val ue appropriate for backwashing, thus allow ng caked dust to be nore
effectively release and renoved fromtB& filter surfaces of the porous
filter elenments 14 by backwashi ng. In addition, because the

downst r €Bine bazkkeshh vadvespdds sane bgacoasr d8hed48ich4Bhat ahtiey8dr erel osed
when detecting that the pressure of the backwash tanks 42 decreases to a

| ow presshseal hadl shoeshaobaprwysletankaf idg] entbpagkwpshhagaesfect, the
flowrate (consunption) of the backwash hi gh-pressure gas can be reduced by

prevent i AgseXse59e N INc PEGSSHE €s ORS1 {7 PEEEL PMENEoOHE - the baclklgbhi ank
because the timng at which the upstream backwash val ves 38 are closed in

the pre -l nt ai 0l ng, pr e cri bed e, ang .t L m whi ch
g A S LT s
recharm{gbéqfcedure are determ ned based on the backwash tank inner

pressure , the pressure of the backwash tanks 42 can be easily set to a

pressure best suited to backwashing. {0043} 31
hus, because in this embodimént the backwash tank

pressure gauges 48 are installed on the backwash tanks 42 in
addition to the configuration described in the first
embodiment discussed above, the timing at which the upstream
backwash valves 38 and the downstream backwash wvalves 40 are
closed can be set using the backwash tank inner pressure Pt,
which is detected at a position closer to the backwash nozzles
34, rather than using the outlet pressure Pc ¢f the high-
pressure—-gas supply equipment 30 detected by the high-
pressure—-gas pressure gauge 44.

The timing at which the upstream backwash valves 38 are
closed is set such that it comes after the backwash tank inner
pressure Pt reaches "1 / critical pressure ratio" or more
times the inlet gas pressure Pf detected by the filter inlet
pressure gauge 24, preferably 1.15 times or more the pressure
for the critical pressure ratio.

The timing at which the downstream backwash valves 40 are
closed is set such that it comes when the backwash tank inner
pressure Pt decreases to less than "1 / critical pressure

ratio" times the inlet gas pressure Pf or, at the latest, to




. Fourth Enbodi nent Next, a fourth enbodi ment of a dust-renoving
apparatus according to the present invention will be described based on
Fig. 5. The sane parts as those in the enbodi nents descri bed above are
-denoted by the sane reference signs, and a detail ed description thereof is
omtted. In this enbodi ment, a ba&®kwash system for a porous filter
10D has a high-pressure-gas tank 46 installed at the outlet of the

hi gh- pr e@s@ireimgas supptys eguée ppeatsBbcafidrathentrotivalver&6sunst al | ed
upstream of the high-pressure-gas tank 46. A hi gh-pressure-gas pressure
gauge 44rgiscattached to the highpressure-gas tank 46, and the remaining
structure is the sane as that of the third enbodi nent descri bed above.
10044}  (gp42]n this enbodinment, in addition to the third enbodi ment, the
pressure detected by the high-pressure-gas pressure gauge 44' is used when

re det gas s used .
because The DARRVSHETaRre pr SesbrerAEa 2R EPE el Prugesn Pna backmash

pressure gauges re 1ns

tanks 42, the pressurge of the high-pressyre s can be set .tp a val ue
appr opr | HEE T bF B ackvbdRi PR CYRER BRI 6Ri 4G’ cAREISHASEOFS BE RBReniah-
effectively rel eased and renoved fromthe filter surfaces of the porous
filter SPERRREES 192HyCHACRNRSHT NGO #nvaddet PBRATOBEEALSeIPRe downstream

backwash val ves 40
backwashing, thus allowing caked dust to be more effectively

release and removed from the filter surfaces of the porous
filter elements 14 by backwashing.

In addition, because the downstream backwash valves 40
can be controlled such that they are closed when detecting
that the pressure of the backwash tanks 42 decreases to a low
pressure that does not provide a sufficient backwashing
effect, the flow rate (consumption) of the backwash high-
pressure gas can be reduced by preventing excess high-pressure
gas from fleowing out.

That is, because the timing at which the upstream
backwash valves 38 are closed in the pressure-maintaining
procedure described above and the timing at which the
downstream backwash valves 40 are closed in the high-pressure-
medium recharging procedure are determined based on the
backwash tank inner pressure Pt, the pressure of the backwash
tanks 42 can be easily set to a pressure best suited to
backwashing.

{0043}




.32 are closed when detecting that the pressure of the backwash tanks 42
decreases to a |l ow pressure that does not provide a sufficient backwashi ng
effect, the flow rate of the backwash hi gh-pressure gas can be reduced.

-{ 0045} Wil e the high-pressure-gas supply equi pnent 30 starts or

st ops operating, or supplies or stops e high-pressure gas, when the
outl et pressure Pc of the high-pressure gas reaches a predeterm ned

pr essur eForr hih ghwipodihenhi gh- pressure-gas tank 46 and the control val ve 50
alleviate the pressure variation on the supply side. This reduces the
nunber of tingsxtheahfghrpressboeigastsupphydaqui-parotyidq bppatrartied and
st opped, which inproves the reliability of the equi pnent.

Accordi ngtyer&vey t6 thHe paskyashisyshemaPRLat epeWitBcRighdf Hhaguaney, the
backwash tank inner pressure Pt can be maintained at an approprlate

pressur t he resger t 46. In
addi ti oﬁFP hegbrglgn;eure m@hﬁtf' icgpl}'cggsesu#g g%%%rgéféﬁgé can %%#b &
reliably_aintaine + redfternlned | evel eratlng t he
50 basetr N T Her Butr ot oy chELFhE HEP R, Bef SRoB St RLOhEhBResBur
pressure_gauge 44’ 0046 Flfth Enbodi ment Next, a fifth enbodlnent
of a duste? Fhea %?% fis18ceBLUFRG-to the present invention will be

descri bed based on, .
In this embeodiment, a backwash system for a porous filter

%%ntiol val ve

10D has a high-pressure-gas tank 46 installed at the outlet of
the high-pressure-~gas supply equipment 30 and a control valve
50 installed upstream of the high-pressure-gas tank 46. A
high-pressure-gas pressure gauge 44' is attached to the high-
pressure—-gas tank 46, and the remaining structure is the same
as that of the third embodiment described above.

{0044}

In this embodiment, in addition to the third embodiment,
the pressure detected by the high-pressure-gas pressure gauge
44' is used when executing the pressure control of the high-
pressure gas.

That is, because the backwash tank pressure gauges 48 are
installed on the backwash tanks 42, the pressure of the high-
pressure gas can be set te a value appropriate for
backwashing, thus allowing caked dust to be more effectively
released and removed from the filter surfaces of the porous
filter elements 14 by backwashing.

In addition, because the downstream backwash valves 40




33 Fig. 6. The sanme parts as those in the enbodi ments descri bed above are
denoted by the sane reference signs, and a detailed description thereof is
omtted. In this enbodi ment, a porous filter 10E is shown in which,
~in addition to the fourth enbodi nent described above, a differential
pressure gauge 26 for detecting the fil3er differential pressure DP of the
filter group of the porous filter elenents 14 is installed on the vessel
body 12.afdatipsedthkeepodetsctihgethdOEths porbbguredft bhexbeukeathe
pressure control of the high-pressure gas by detecting the differenti al

pressur et Hkbetneasctbesesl eb anllonuplessardeshat tbespapauprbivhiter a
elenments 14 with the differential pressure gauge 26. 100471 The

speci fi CsRrESSYERL COALkRAshEngSefebbovwsinthe1bpstruet benthar naERFaYhHE
control of the high-pressure gas is appropriately changed based on changes

in the rﬁféﬁ%gggg?ﬁggiéggiggﬁ Bé Lbg,papous filter elenents 14 cal cul ated

fromthe ntial pressure so that the pressure of the

hi gh-pre 6@ 5 gas detected by the high-pressure-gas pressure gauge 44' is
at an apg % fate | evel (for exanple, 5 kPa or less). That is, the filter
differential @ressure DP, which indicates the_anount of caked dust

deposited on ¥ReiBoFbasltehrRFC8FBABAPES18UPRAY BEUABIFBEL 68 PRAGPPI AFzi ng

the pressure of the high-pressure gas used for backwashing. 34
stops operating, or supplies or stops the high-pressure gas,

when the outlet pressure Pc of the high-pressure gas reaches a
predetermined pressure or higher, the high-pressure-gas tank
46 and the control valve 50 alleviate the pressure variation
on the supply side. This reduces the number of times the
high-pressure-gas supply eguipment 30 is started and stopped,
which improves the reliability of the egquipment.

Accordingly, even 1f the backwash system operates with
high frequency, the backwash tank inner pressure Pt can be
maintained at an appropriate pressure by the gas reserveir
effect of the high-pressure-gas tank 46. In addition, the
pressure in the high-pressure-gas tank 46 can be more reliably
maintained at a predetermined level by operating the control
valve 50 based on the outlet pressure Pc detected by the high-
pressure-gas pressure gauge 44°'.

{0046}
Fifth Embodiment
Next, a fifth embodiment of a dust-removing apparatus

according to the present invention will be described based on




. Accordingly, if the instruction for pressure control of the high-pressure
gas reaches the upper Iimt of the highpressure-gas supply equi pnent 30,
the control instruction can be changed so as to shorten the period (cycle
“time) of the backwash system That is, the filter differential pressure DP
can be maintained within an appropriaté&3range by appropriately changing the
backwash hi gh-pressure-gas pressure and the cycle tine dependi ng on changes
in filteridif$erditd alanyr essure PP, thdas fi eshid| grisepipoet § 5 Hemse T Cusd
operations of the porous filter 10E. {00481 Thus, in the porous
filters sifotdea eabashoead sbdeskei bede abeverehbe bagkwashntiankde#2ilsarvi ng
as buffer tanks, are installed to allow the use of | ow speed-operated

val ves f@rséheodovnstiepsdbackweshvahves 40 and the upstream backwash
val ves 38 required for the backwash operation. The use of

| ow speed- operu egh doupstd aadn backwashoyal ¥esdf 258 LDSLASAM backuash

val ves 38 for the operation I nproves the operating conditions of
t he backwash val ves, .including_a reduc nunber of  operations, _fhus

o ov KT du st Tt e Rl abRuach DAPeEtndhe BEREbLBaR: bOPR0r Bvi ng
the durabjlity and operating reliability of the porous filters. {0049}
FurtherH%%%feg%“?h%le@%%?sﬁgeagﬁﬁﬁ?u%ét¥%ﬁ PatereiBdck@shivafYes, the
amount of backwash hi gh-pressure gas 35 supplied to the filter group of

t he porotstferentizs Pressede byPthe thpatityesf IraePbatkAShPOEARS 42
because the upstream backwash val ves 38 of the backwash tanks 42 are

cl osed. fnitde pberoestsiliers, inbeabloderont heef Vopseatbodly the bckwash

hi gh- pressure gas, which contributes to a disturbance in the flow of the

dust - contf niig BEBous S 1 Bekie etoE Whi choaf i guBedusd &g8BMAE tBebe continued
with a |l ess-varying, nore-stable flow of the dust-containing gas. This

i”prOyeﬁpféﬁ%&ﬁé”é%ﬁfﬁbﬁt@@iéﬁéyh9§h15§e§§ﬁ9ésg££|Efréeeécﬁﬂﬁ ephedi ment s
descri bed above and therefore the operating stability of plan?s equi pped

escri b nd therefore the operating stability of planfs |
Faci | (10 By ses Teat TP ur i oarodh Ehin it Phnetdndrkohs coaRgRcde el ©

faC|||tl§ﬁ% porous filter elements 14 with the differential pressure

gauge 26.
{0047}

The specific pressure control is as follows: the
instruction for pressure control of the high-pressure gas is
appropriately changed based on changes in the resistance
coefficient of the porous filter elements 14 calculated from
the filter differential pressure DP so that the pressure of
the high-pressure gas detected by the high-pressure-gas
pressure gauge 44" is at an appropriate level (for example, 5
kPa or less). That is, the filter differential pressure DP,
which indicates the amount of caked dust deposited on the
porous filter elements 14, can be reflected in optimizing the

pressure of the high-pressure gas used for backwashing.




The present invention can also be applied to apparatuses that repeat a
backwash operation, in which a high-pressure nediumis supplied and
stopped, with high frequency and that control the procedure with val ves.
~The present invention is not limted to the enbodi nents descri bed above; it
can be appropriately changed without degarting fromthe spirit thereof.
{Reference Signs List} {0050} 10, 10A to 10E porous filter (dust-renoving
appar at us) 12Agvesseélinbddy 14 pbeousstirbténoel énmenpred36ure control of

the high-pressure gas reaches the upper limit of the high-
pressure~gas supply equipment 30, the contrel instruction can
be changed so as to shorten the period (cycle time} of the
backwash system. That is, the filter differential pressure DP
can be maintained within an appropriate range by appropriately
changing the backwash high-pressure-gas pressure and the cycle
time depending on changes in filter differential pressure DP,
thus flexibly supporting various operations of the porous
filter 10E.

{0048}

Thus, in the porous filters of the embodiments described
above, the backwash tanks 42, serving as buffer tanks, are
installed to allow the use of low-speed-operated valves for
the downstream backwash valves 40 and the upstream backwash
valves 38 required for the backwash operation. The use of
low-speed-operated downstream backwash valves 40 and upstream
backwash valves 38 for the backwash operation improves the
operating conditions of the backwash valves, including a
reduced number of operations, thus improving the durability of
the backwash valves and consequently improving the durability
and operating reliability of the porous filters.

{0049}
Furthermore, in the event of a malfunction in the

backwash wvalves, the amount of backwash high-pressure gas




. 18 dust-containing-gas introduction pipe 20 clean gas outlet 24 filter

I nl et pressure gauge 26 differential pressure gauge 30 hi gh-pressure-gas
supply equi pnrent 31 mai n backwash pi pe 32, 32a, 32b, 32c, 32d backwash pipe
- 34 backwash nozzle 38, 38a, 38b, 38c, 38d upstream backwash val ve 40, 40a,
40b, 40c, 40d downstream backwash val vé>2, 42a, 42b, 42c, 42d backwash
“tank 44, 44' high-pressure-gas pressure gauge 46 hi gh-pressure-gas tank
supplied to the filter group of the porous filter is limited

by the capacity of the backwash tanks 42 because the upstream
backwash valves 38 of the backwash tanks 42 are clbsed. In
the porous filters, therefore, the flow rate of the backwash
high-pressure gas, which contributes to a disturbance in the
flow of the dust-containing gas, is reduced, which allows dust
removal to be continued with a less-varying, more-stable fliow
of the dust-containing gas. This improves the operating
stablility of the porous filters of the embodiments described
above and therefore the operating stability of plants equipped
with these porous filters, including integrated gasification
combined cycle facilities and pressurized fluidized-bed
combustion combined cycle facilities.

The present invention can also be applied to apparatuses
that repeat a backwash operation, in which a high-pressure
medium is supplied and stopped, with high freguency and that
control the procedure with valves.

The present invention is not limited to the embodiments
described above; it can be appropriately changed without
departing from the spirit thereof.

{Reference Signs List}

{0050}

10, 10A to 10E porous filter (dust-removing apparatus)
12 vessel body

14 porous filter element




- 48, 48a, 48b, 48c, 48d backwash tank pressure gauge 50 control valve 37
{CLAI M5} {d aim 1} A dust-renoving apparatus in which dust that has
been collected froma gas through a filter group installed in a vessel body
-onto filter surfaces is renoved fromthe filter surfaces by backwashing in
whi ch the supply and stoppage of a backwash hi gh-pressure nedi um ej ect ed
toward the filters are repeated by neans of a val ve operation, wherein

a hi gh- pr®ssdustrednamipiessgees documdusttdron gnlpehavi ng an upst ream
backwash val ve and a downstream backwash valve is installed in a

hi gh- pr esgur e1eedi daspassage t hrough which the backwash hi gh-pressure
medi um i s guided froma hi gh-pressure-nedi umsource to a backwash nozzl e

for ejeciingrtihe hagkwash hi-ghnRiessige medium toward the filter group to
form a backwash hi gh-pressure-nedi um supply line; and the outl et

pressurgzgf Bgﬁf%%%gkgggsgﬁ%g&gﬁgg#E% urce is set to "1/ critica

pressure ratio nore time inlet gas pressure so that the flow

speed Of3ihe high-pressure medium ejected fromthe backwash nozzle is the
speed of oufidd CEFSSHUZF9as supply equipmen

31 main backwash pipe

32, 32a, 32b, 32c, 32d Dbackwash pipe

34 Dbackwash nozzle

38, 38a, 38b, 38c, 38d upstream backwash valve

40, 40a, 40b, 40c, 40d downstream backwash wvalve
42, 42a, 42b, 42c, 42d backwash tank

44, 44° high-pressure~gas pressure gauge

46 high-pressure-gas tank

48, 48a, 48b, 48c, 48d backwash tank pressure gauge

50 control valve




. The dust-renoving apparatus according to Claim1l, wherein a
hi gh- pressure-nedi um storage tank is installed at an outlet of the
hi gh- pressur e- medi um source. {C ai m 3} The dust-renovi ng appar at us
~according to Caim1l or 2, 38 wherein the backwash hi gh-pressure-nedi um
supply line branches into a plurality &f high-pressure-nedi um branch supply
| i nes downstream of the high-pressure-nedi um source, the
hi ghpr essGEBI¥8di um branch supply lines being assigned to a plurality of
cleaning areas into which the filter group is divided. (Caim4} The
dust - r enmpyiagmappar at us according to Caim 3, wherein a backwash
openi ng/ cl osi ng procedure of the upstream and downstream backwash val ves
i ncl udes: A dust-removing apparatus in which dust that has been
collected from a gas through a filter group installed in a
vessel body onto filter surfaces is removed from the filter
surfaces by backwashing in which the supply and stoppage of a
backwash high-pressure medium ejected toward the filters are
repeated by means of a valve operation, wherein
a high-pressure-medium pressure accumulator tank having
an upstream backwash valve and a downstream backwash wvalve is
installed in a high-pressure-medium passage through which the
backwash high-pressure medium is guided from a high-pressure-
medium source to a backwash nozzle for ejecting the backwash
high-pressure medium toward the filiter group to form a
backwash high-pressure-medium supply line; and
the outlet pressure of the high-pressure-medium source is
set to "1 / critical pressure ratio" or more times a filter
inlet gas pressure so0 that the flow speed of the high-pressure
medium ejected from the backwash nozzle is the speed of sound.
{Claim 2}
The dust-removing apparatus according to Claim 1, wherein
a high-pressure-medium storage tank is installed at an outlet
of the high-pressure-medium source.

{Claim 3}

The dust-removing apparatus according to Claim 1 or 2,




~a backwash- preparing procedure conpri sing: a

~ hi gh-pressure-nmedi um chargi ng procedure of closing the downstream backwash
val ve and openi ng the upstream backwash val ve to charge the backwash

~hi gh-pressure nediuminto the high-pressure-nmedi um pressure accumnul at or
tank to a predeterm ned pressure, theréBy raising the pressure therein; and
a pressure-nmaintaining procedure of closing the upstream backwash valve to
mai nt ai whdmee jor eslsurlmadckwadie i ghpp essevee meeld inm psessly el aceupnhatbest ank
at the predeterm ned pressure; and a sequential backwash procedure

conpri sinko a plurality aobackeieshrexeauéngd piwcietareh osuppeni bgnébe
downst ream backwash val ve for a predeterm ned period of tine to supply the

backwas hy v £ 58 St e e dh 1igh £ 5 883 £ hee bh 8t um 39oRFEE § UF Be NBILWM pressure
accunul ator tank to the backwash nozzl e;
pressure-medium branch supply lines being assigned to a
plurality of cleaning areas into which the filter group is
divided.
{Claim 4}
The dust-removing apparatus according to Claim 3, wherein
a backwash opening/closing procedure of the upstream and
downstream backwash valves includes:
a backwash-preparing procedure comprising:

a high-pressure-medium charging procedure of closing
the downstream backwash valve and opening the upstream
backwash valve to charge the backwash high-pressure medium
into the high-pressure-medium pressure accumulator tank to a
predetermined pressure, thereby raising the pressure therein;
and

a pressure-maintaining procedure of closing the
upstream backwash valve to maintain the pressure in the high-
pressure-medium pressure accumulator tank at the predetermined
pressure; and

a sequential.backwash procedure comprising:

a backwash-executing procedure of opening the

downstream backwash valve for a predetermined period of time

to supply the backwash high-pressure medium from the high-




~a high-pressure-nmedi umrechargi ng procedure of closing the downstream

~ backwash val ve and openi ng the upstream backwash val ve to recharge the
backwash hi gh-pressure nediuminto the high-pressure-nedi um pressure
~accumul ator tank to the predeterm ned pressure, thereby raising the
pressure therein; and a reclar ged- pressure mnai ntaini ng
procedure of closing the upstream backwash valve to nmaintain the recharged
pr essur epras $hee tmgdhi pn esses suredaamupnéssaret avkutrol aher beakkaab t he

pr edet er mi ned pressure; t he backwash procedure being sequentially
carried motzDage conpl eti on of the backwash operation has been confirned
for each of the plurality of cleaning areas. {C ai m5} The

dust - renovi ng appay af Ligh 26608 Sh RY-heq Ehal MdnaYgengi prbbheageaphetion of the
backwash operation for each of the cleaning areas is determ ned based on

vackomsh i VL T 0T oLk AL R L8 AP CO AN OSSR

backwash ust-renovi ng par at us ac
Claim4 or er ej

i ah pr SRR R B e BR st M e Bt g, BRckUARDt bEdarBer "Supp ousdian

accurul ator tank inner pressure, the pressure accunul ator tank 40
into the high-pressure-medium pressure accumulator tank to the
predetermined pressure, thereby raising the pressure therein;
and

a recharged-pressure maintaining procedure of

closing the upstream backwash valve to maintain the recharged
pressure in the high-pressure-medium pressure accumulator tank
at the predetermined pressure;

the backwash procedure being sequentially carried out
once completion of the backwash operation has been confirmed
for each of the plurality of cleaning areas.

{Claim 5}

The dust-removing apparatus acceording to Claim 4, wherein
the completion of the backwash operation for each of the
cileaning areas is determined based on the output of a sequence
instruction to the upstream and downstream backwash valves.
{Claim 6}

The dust-removing apparatus according to Ciaim 4 or 5,
wherein a pressure gauge 1s installed on the high-pressure-

medium pressure accumulator tank to detect a pressure

accumulator tank inner pressure, the pressure accumulator tank




i nner pressure being used as a basis for determning the timng at which
~the upstream backwash valve is closed in the pressure-naintaining procedure
and the timng at which the downstream backwash valve is closed in the

“ hi gh-pressure-nedi um rechargi ng procedure. {C aim 7} The

dust -renovi ng apparatus according to C4& m 6, wherein a differenti al
pressure gauge for detecting a differential pressure between inlet and
outl et simmesropreheuféel beingroapdi ssi asbabliedfon thtevmssehgboty.

timing at which the upstream backwash valve is closed in the
pressure-maintaining procedure and the timing at which the
downstream backwash valve 1s closed in the high-pressure-
medium recharging procedure.
{Claim 7}

The dust-removing apparatus according to Claim 6, wherein
a differential pressure gauge for detecting a differential
pressure between inlet and outlet sides of the filter group is

installed on the vessel body.




