1 DESCRI PTI ON AERATI ON APPARATUS Technical Field [0001] The present
tnvention relates to treatnent of effluent from an exhaust gas

desul furi zer enployed in an electric power plant, such as a coal -fired,
crude-oil-fired, or heavy-oil- fired power plant, and particularly rel ates
to an aeration apparatus enploying aerlation for decarbonating (aerating)
effluent (used seawater) from an exhaust gas desul furizer for

desul furization using a seawater mEtduwipTBackground Art [ 0002]
Conventionally, in an electric power plant using coal, crude oil, or the
i ke as fuel, sulfur oxides (SOx), such as sulfur dioxide (SQ2), are
renmoved from conbustion exhaust gas (hereinafter called "boiler exhaust
gas") discharged froma boil efrrand-ihgpphiRgrHei | €r exhaust gas is

di scharged into the atnosphere. Known exanpl es of such desul furization
treatment wth an exhaust gas desul furizer include systens enploying a

| i mest one-pl aster nethod, a spray dryer nethod, or a seawater nethod. 2

[ 0003] } ,
Technical Field

[0001]

The present invention relates to treatment of effluent
from an exhaust gas desulfurizer employed in an electric power
plant, such as a coal-fired, crude-oil-fired, or heavy-oil-
fired power plant, and particularly relates to an aeration
apparatus employing aeration for decarbonating (aerating)
‘effluent (used seawater) from an exhaust gas desulfurizer for

desulfurization using a seawater method.

Background Art

f0002]

Conventicnally, in an electric power plant using coal,
crude oil, or the like as fuel, sulfur oxides (30x), such as
sulfur dioxide (S0;), are removed from combustion exhaust gas
(hereinafter called "boiler exhaust gas") discharged from a
boiler, and then the boiler exhaust gas is discharged into the
atmosphere. Known examples of such desulfurization treatment
with an exhaust gas desulfurizer include systems employing a
limestone-plaster method, a spray dryer method, or a seawater

method.



An exhaust gas desul furizer enploying the seawater nmethod (hereinafter

cal l.ed "seawat er desul furizer") uses seawater as an absorbent. In this
system for exanple, seawater and boil er exhaust gas are supplied to the
inside of a desulfurization tower (absorption tower) having a
substantially cylindrical shape, such & a vertically disposed cylinder, to
cause gas-liquid contact in a wet system thereby renoving sulfur oxides
usi ng the sealEtEr] as an absorbing solution. As shown in Fig. 8, for
exanpl e, when the seawater (used seawater) used as an absorbent for

desul furi zatimn dahdhe: @fOremmRtfonetk desu fafirzatiron dowertdd awsHad t he
seawat er oxidation treatnent system (SOTS) 1 to be drained away, the used

Seamtergﬂﬁ&%@waéﬁdlé&efsaéa%@t@y Aesatd o it AL osalfaubhles 2

di scharg rom an aeration device 10 disposed on a bottomface |la of the

seawat er_ oxi.dation . treatnent system 1. [0 Ei gs. show a
conventi%ﬂuﬁb%ﬁﬁgﬁ%9ﬂ1 g&pgﬁéfu§¥f%%m’Hggéeg%%%glgfe%gggﬁ%%%n%ggted to an

ai r-supplying pipe 11 and are di sposed on bottom face | a of the seawater
oxi dat i d?fg/ﬂterreaei Sy em e Sﬁfgp]ffe%fgeﬁ% WE B PtoVidet with a large
nunmber of aeration nozzles 13 that are horizontally arranged so as to be
equal | y dgracklil iR ot oavhit el 3ol 1el t@eHe Rving a

substantially cylindrical shape, such as a vertically disposed
cylinder, to cause gas-liquid contact in a wet system, thereby
removing sulfur oxides using the seawater as an absorbing
solution.

As shown in Fig. 8, for example, when the seawater (used
seawalter) used as an abscrbent for desulfurization in the
aforementioned desulfurization tower flows in the seawater
oxidation treatment system {(SOTS) 1 to be drained away, the
used seawater is decarbonated {aerated) by aeration with
micro-air-bubbles 2 discharged from an aeration device 10
disposed on a bottom face la of the seawater oxidation
treatment system 1.

[0004]

Figs. 9 and 10 show a conventional aeration apparatus 10.
Headers 12 are each connected to an air-supplying pipe 11 and
are disposed on a bottom face la of the seawater oxidatiocn
treatment system 1. The headers 12 are provided with a large
number of aeration nozzles 13 that are horizontally arranged

50 as to be equally spaced and approximately parallel to the



bottom face |a. The aeration nozzles 13 are rubber hoses provided with a

| ar ge nunber of small cuts (not shown) and covering the outer face of a
base material; they are generally called "diffuser nozzles". Such aeration
nozzles 13 can discharge a | arge nunber of mcro-air-bubbles having
approximately the same size by causingXhe cuts to open when the hose is
expanded by the pressure of air supplied fromthe air-supplying pipe 11.
Ther e | soamocdrechaieala l | Teeatwwre ttibat ndizzdle@ses the rabpleircabises of
aeration nozzles to an aeration apparatus enploying aeration for

decar bonatdriHddes ath ng)1 £ffd uanibdtsed seavmtars f rm ahexhausiq gas

desul furizer for desulfurization using a seawater net hod Di scl osure of

| nvent i %véﬂ%ltﬂé‘ 6&1%100584%“6@%'}3?% é}ﬁa{@&iaanlpﬁr@ﬁ g{ erea?(

as showin Fig.”9, the aeration nozzles 13 are arrang equal l'y sp

over the tlcl[ e.cpfééuorgg aﬁ:OeZZI o.f tg o ea\g/at OXIOdatI on t3r eat nent system
1. The equa y space arrange 1‘u éé‘r Clof! r%&zlfl eéL 15 i nt ended

to gener m cro-air- bubbl es 2 for aeration approximately uniformy per
unit ar Qﬁaj’f‘-’r?e Hot SR TP héV TR or GRS At nent system

However, the properties (e.g., pH of used seawater may be inhonobgeneous
in the |2RRFH1iRA Y et i Qe cfalhe szt ¢agsing the cuts to open when

the hose is expanded by the pressure of air supplied from the
air-supplying pipe 1i.

There is no technical literature that discloses the
application of aeration nozzles to an aeration apparatus
employing aeraticn for decarbonating-(aerating) effluent {used
seawater) from an exhaust gas desulfurizer for desulfurizafion

using a seawater method.

Disclosure of Invention

[0005]

In the conventional aeration apparatus 10, for example,
as show in Fig. 9, the aeration nozzles 13 are arranged
equally spaced over the entire bottom face 1a of the seawater
oxidation treatment system 1. The equally spaced arrangement
of the aeration nozzles 13 is intended to generate micro-air-
bubbles 2 for aeration approximately uniformly per unit area

-of the bottom face of the seawater oxidation treatment system.

However, the properties (e.g., pH) of used seawater may

be inhomogeneous in the lateral direction of the seawater



oxi dation treatnment system 1 in an upstreaminlet port area for letting
the used seawater flow into the seawater oxidation treatnent system 1.

[ 00061 However, since the conventional structure having the aeration
nozzl es 13 arranged equal ly spaced has a tendency to generate a |ocal
circulating flow for each of the equal by spaced aeration nozzles 13, if
the used seawater flowing into the seawater oxidation treatnment system1l

i s in amxidshdrogeneaimesittatse,stidhe Mo ro ofpsttre ans éd 1s¢awatrer aireat he

| ateral width direction of the seawater oxidation treatnent system1l is

di fficulfor TRItS iPRS &S A RD MWl dNFUldhi Girg tHE ¥agagausSidkd dation

i nhonbgeneous seawater properties. That is, in the case that the aeration
nozzl es 13 gt ntars_ry%r%%gp 1equal 'y spaced over the entire bottomface la, for
exanpl e, as shown i'n Fig. 11, upward flows fa flowng toward the water
surface are ﬁ%’b%r ted wwth mcro-air-bubbles 2 for each aeration nozzle 13
or for each unit consisting of adjacent aeration nozzles 13. At the sane
time, downward flows fb flowing toward the bottomface I g fromthe water
surface side e VGdnersdts® 9 HPErdte FHEUIEE I6Fd%er-"Consumed by
the upward flows fromthe bottom Therefore, the used seawater, as a

whol e, faegaitam trive 2dewinsty eamasiars! efausd Y s@mmgcehadxiad densenaye&ment
system 1l while formng a plurality of local circulating flows due to the
upwar d fdeowsrate a local circulating flow for each of the equally

spaced aeration nozzles 13, if the used seawater flowing into
the seawater oxidation treatment system 1 is in an
inhomogeneous state, the mixing of the used seawater in the
lateral width direction of the seawater oxidation treatment
system 1 is difficult. This poses a problem of insufficient
mixing causing iﬁhomogeneous seawater properties.

That is, in the case that the aeration nozzles 13 are
arranged eqgually spaced over the entire bottom face 1a,.for
example, as shown in Fig. 11, upward flows fa flowing toward
the water surface are generated with micro-air-bubbles 2 for
each aeration nozzle 13 or for each unit consisting of
adjacent aeration nozzles 13. At the same time, downward
flows fb flowing toward the bottom face la from the water
surface side are generated to compensate for the used seawater
consumed by the upward flows from the bottom. Therefore, the
used seawater, as a whele, flows to the downstream side of the
seawater oxidation treatment system 1 while forming a

plurality cof local circulating flows due to the upward flows



5 fa and the downward flows fb. [0007] Consequently, in the |ateral
direction of the seawater oxidation treatnment systeml1, it is difficult to
forma large circulating flow of the entire used seawater, which causes a
difficulty in the m xing of used seawat er having properties that are

- inhonogeneous in the lateral direction5 Such insufficient mxing causes,
for exanpl e, inhonbgeneous properties in the used seawater to be

di schar ged ainat @ Hehelowswarauidiong <®&a area to cause a decrease in the
decarbonation performance, or results in | engthening of the seawater
oxidation treaagment system1 for sufficiently mxing used seawater to
avoi d the occurrence of unevenness in the decarbonation performance. The

present i nveqton fias, hen Rds Under he cabava- esar kel kst ances,

and it is an objec e present 1nvention to provide an aeration

appar at us .t hat. can per.for sufficient, mxingdn t l.at eral direction of
t he useé’Xlégi\Mle&r%a&ﬂeﬁ %Y 5% Lo dviat'er losxiogaf!tfiqocﬁl ?Cr &5t %nrtm gyslt%g:r%e
[ 0008] The present invention enpl%ég‘the foll ow ng sol utions for solving

t he above-hfeHEtdisd fprebicdndherid Hdtatisst 558 & i S Che

present -invention is installed in a seawater oxidation treatnment system
f or difficulty in the mixing of used seawater having properties

that are inhomogeneous in the lateral direction. Such
insufficient mixing causes, for example, inhomogeneous
properties in the used seawater to be discharged into the
surrounding sea area to cause a decrease in the decarbonation
performance, or results in lengthening of the seawater
oxidation treatment system 1 for sufficiently mixing used
seawater to avoid the occurrence of unevenness in the
decarbonation performance.

The present invention has been made under the above-
described circumstances, and it is an object of the present
invention to provide an aeration apparatus that can perform
sufficient mixing in the lateral direction of the used
seawater flowing in a seawater oxidation treatment system.

[0008]

The present invention employs the following solutions for
solving the above-mentioned prcblems.

The aeration apparatus according to the present invention
is installed in a seawater oxidation treatment system for

draining used seawater discharged from a desulfurization tower



drai ni ng used seawater discharged froma desul furization tower 6 of an
.exhaust gas desul furizer using seawater as an absorbent and configured to
conduct decarbonation by generating mcro- air-bubbles in the used
seawat er, wherein headers conmmunicating with an air-supplying pipe are
installed on a bottomface of the seawater oxidation treatnent system and
aeration units generating the mcro-air-bubbles fromaeration nozzles
attacheadft ard hextheaders s resude ndzzrehessics estdvantser faar guartisy foentd ng
bottom regi ons where micro-air-bubbles are not generated. [0009] In this
aer at i on, RPRYrAtIURr dd8 NRAFRNS: € ERHYSRLA thn Wil Rydre i ifrgs waRIng-Ng pi pe
are installed onthe bottomface of the seawater oxidation treatnent
system AN ARAUON LS o AENSIALIAG L NGuIE,Clidr Bldzduihbl es from aeration
nozzl es ""attached to the headers are provided wth nozzl el ess sections for
partly form ng baqt.tomr.eqi ons where m.cr.o-air.-bubhl es are-no ener at ed.
hecor di OIS d M db T o O 1Y Ab gt s ord T 150 oA
m cro-air-bubbles are generated, and downward flows are fornmed in regions
wher e t REEHBE F369 O il S¢ el Stotogedr e F TR | Y ST &néks
sections. Therefore, a large circulating flow over the width in the
| at er al atinedcitdromagft ¢ leense@tdar e duitd T aledinte s yistaamagr@ figmmed in
the used seawater flowing in the seawater

nozzles attached to the headers include nozzleless sections

for partly forming bottom regions where micro-air-bubbles are
not generated.

[0009]

In this aecration apparatus, the headers communicating
with the air-supplying pipe are installed on the bottom face
of the seawater oxidation treatment system, and aeration units
generating the micro-air-bubbles from aeration nozzles
attached to the headers are provided with nozzleless sections
for partly forming bottom regions where micro-air-bubbles are
not generated. Accordingly, upward flows are formed in
regions where the micro-air-bubbles are generated, and
downward flows are formed in regions where the micro-air-
bubbles are not generated due to the nozzleless sections.
Therefore, a large circulating flow over the width in the
lateral direction of the seawater oxidation treatment system
is formed in the used seawater flowing in the seawater
oxidation treatment system, and this circulating flow

accelerates the mixing of the entire used seawater.



oxidation treatnment system and this circulating flow accelerates the

m xi-ng.of the entire used seawater. 7 The nozzl el ess sections may be

provi ded sequentially or intermttently along either side wall in the

| ateral direction of the seawater oxidation treatnment system Furthernore,
the nozzleless sections may be arrangéd al ong both side walls in an
alternating manner. [0010] |In the aeration apparatus, it is preferable
that a partiTheomaerieere exterd ighs mashéod [mowdi dettdcameanft itdilel v seawat er
oxidation treatnment systembe installed so as to separate the regi on where
m cr o0- ai It ese ey g ateid rand side Wl om Wes el dd o0 aifrrduthldres are
not generated fromeach other in the wdth direction of the seawater

oxi dat | o AN SYShema ansh Wik AR | AR TBDemakhaunised seavat er

to flowin t rection of the seawater oxidation treatnent system

at the water rface side and at_the botto fac ide. MWth this,:. the
formatio Ozo%l?sﬂhuees asregcetlc(_)lnrscu % ibneg alﬁaor\l/éeod\?ea}'l% k\%%} ot t%aeﬂssealvr\bt er

oxi dation treatnment, system is further accelerated. [0011] |In the aeration
appar at & 39PN Ehat the aeration nozzles be vertically
arranged so as to extend upward in the vertical direction fromthe
headers. Suchl@hC]

In the aeration apparatus, it is preferable that a
partition member extending in the flow direction of the
seawater oxidation treatment system be installed s¢o as to
separate the region where micro-air-bubbles are generated and.
the region where micro-air-bubbles are not generated from each
other in the width direction of the seawater oxidation
treatment system, and the partition member allow used seawater
to flow in the width direction of the seawater oxidation
treatment system at the water surface side and at the bottom
face side. With this, the formation of the large circulating
flow over the width of the seawater oxidation treatment system
is further accelerated.

[0011]

In the aeration apparatus, it is preferable that the
aeration nozzles be vertically arranged so as to-extend upward
in the wvertical direction from the headers. 3Such an
arrangement can increase the number of aeraticn nozzles that
can be disposed per unit area of the bottom face of the

seawater oxidation treatment system.



arrangenment can increase the nunber of aeration nozzles that can be

di sposed per unit area of the bottom face of the seawater oxidation
treatment system 8 [0012] According to the present invention described
above, by providing the nozzlel ess sections, upward fl ows are generated

in the regions where mcro-air-bubbles8are generated and downward fl ows
are generated in the regions where mcro-air- bubbles are not generated due
to the nozzl gltgssz]sections. As a result, a large circulating flow over the
width in the lateral direction of the seawater oxidation treatnent system

is formed inAdheAsed SRAWML R Hd-MtNG rivikritie s eRMRIrEbe XAt 0yt I eat ment
system Since such a formation of the «circulating flow accel erates the

m Xi ng . [ t A ffi g e i.ded
ven' |t B e S R R st & T oni g 1 e et e
oxi datian treatnment system are different at, both sides in t i dth

di recti dft 3 HE EEMRat el Sk iHation tr 64 b%)eln ST eqr%%ella}ril'éerd;%gr&g t he used
seawat er passi ng through the aeration apparatus and bei ng discharged to
Lhe sur (SHRBIATGE Soar o & S nGRARE DRttt s oo dts Lo avdt or
properties as a whole. Thus, the provision of the nozzleless sections can
si gni fi catdles rgrovett erfeEdidsbiatd 6P gerd arafemce e Fursfdrifsise, PR the
aeration apparatus whose

: a result, a large circulating flow over the width in the

lateral direction of the seawater oxidation treatment system
is formed in the used seawater flowing in the seawater
oxidation treatment system. Since such a formation of the
circulating flow accelerates the mixing of the entire used
seawater, insufficient mixing can be avoided even if the
properties of the used seawater flowing in the seawater
oxidation treatment system are different at both sides in the
width direction of the seawater oxidation treatment system.
Therefore, the used seawatef passing through the aeration
apparatus and being discharged to the surrounding sea area can
have approximately homogeneous seawater properties as a whole.
Thus, the provision.of the nozzleless sections can
significantly improve the decarbonation performance.
Furthermore, in the aeration apparatus whose
decarbonation performance is improved, the length of the
seawater oxidation treatment system necessary for performing a
predetermined level of decarbonation can be decreased.

Therefore, an advantage can be also realized in that the cost



decar bonation perfornmance is inproved, the length of the seawater

oxi dation treatnent system necessary for performing a predeternined |evel
of decarbonation can be decreased. Therefore, an advantage can be al so
realized in that the cost 9 and the space for installing the seawater

oxi dation treatnent system can be decieased. Brief Description of Draw ngs
[0013] [FIG 1] FIG 1 is a cross-sectional viewillustrating a first
enbodi mamic afhcaspaeraticon iagparldtingy adeorshang tteor tchel dapriese iiraarowenttl on.
[FIG 2A] FIG 2A is a partial cross-sectional view of a main portion

show ng s@rsme%n dgrg\meofdela@asled [FI G ZB] FIG 2B is a parti al
cross-sectional view illustrating the inner structure of a main portion of

aeration nozzles. [FIG 3] FIG 3 is a cross-sectional viewillustrating a
second enbodi nent of an aeration apparatus according to the present

invention. [FIG 4] FIG 4.is I I ild g a third enbodi nent
of an aeration apparatus accorgle%&%t \étlh\g F?Fes%zfn%g‘ﬁg%ventl on. [FIG 5] FIG

5is a perspect|v§ viewillustrating vertically arranged aeration nozzles
inthe third i ment .

[FIG. 1] FIG. 1 is a cross-sectional view illustrating a
first embodiment of an aeraﬁion apparatus according to the
present invention.

[FIG. 2A}] FIG. 2A is a partial cross-sectional view of a
main portion showing a plan view of FIG. 1.

[FIG. 2B] FIG. 2B is a partial cross-sectional view
illustrating the inner structure of a main porticon of aeration
nozzles.

[FIG. 3] FIG. 3 1is a cross-sectional view illustrating a
second embodiment of an aeration apparatus according to the
present invention.

[FIG. 4] FIG. 4 is a plan view illustrating a third
embodiment of an aeration apparatus according to the present
invention.

[FIG. 5] FIG. 5 is a perspective view illustfating
vertically arranged aeration nozzles in the third embodiment.
[FIG. 6] FIG. 6 is a plan view illustrating a first
modification of an aeration apparatus according to the present

invention.

[FIG. 7] FIG. 7 i1s a plan view illustrating a second



[FIG 6] FIG 6 is a plan viewillustrating a first nodification of an
aeration apparatus according to the present invention. [FIG 7] FIG 7 is
a plan viewillustrating a second 10 nodification of an aeration apparatus
according to the present invention. [FIG 8] FIG 8 is a view
schematically illustrating an aeratiadmapparatus installed in a seawater
oxidation treatnent system [FIG 9] FIG 9 is a plan viewillustrating a
convent imoElf iaertdtono b fappareates.i drFla@p at@lt usl Gecdbdrdisica tpentdpe plhiesenti ew
illustrating the aeration apparatus shown in FIG 9. [FIG 11] FIG 11 is
a Cross-iseaddanral. view illustrating a conventional aeration apparatus.
[0014] Explanation of Reference Signs: 1. seawater oxidation treatnent

system (SOTS) pd: d taot%?a]fgcgs %8&056}1&:{@9?95@% 1A 10+ 19D ngepat i on
appar at us 11 alr supplying pi pe 12: header 13, X aeration nozzle

(dlffuser 5%1on apparatus installed in a seawater oxidation treatment

system.
[FIG. 9] FIG. 9 is a plan view illustrating a
conventicnal aeration apparatus.
[FIG. 10] FIG. 10 is a perspective view illustrating the
aeration apparatus shown in FIG. 9.
[FIG. 11] FIG. 11 is a cross—-sectionai view illustrating
a conventional aeration apparatus.
[0014]
Explanation of Reference Signs:
1: seawater oxidation treatment system (SOTS)
la: Dbottom face
2: micro-air-bubbles
102 to 10D: aeration apparatus
11: air—supplying pipe
12: header
13, 13A: aeration nozzle (diffuser nozzle)
14: cut
20, 20A, 20B: aeration unit
20, 30A, 30B: nozzleless section (nozzleless portion)

40: partition member



14: cut 20, 20A, 20B: aeration unit 30, 30A, 30B: nozzl el ess section
(nozzl el ess portion) 40: partition nmenber 11 Best Mdde for Carrying Qut -
the Invention [0015] An enbodi nent of an aeration apparatus according to
the present invention will now be described with reference to the
drawings. In a first enbodi mrent shown in FIGS. 1 and 2A, an aeration
apparatus OAis installed, for exanple, in the 1inside of a seawater

oxi dati on treat mentBsytstiamd XIMNS)CAr forng dhai nilnegy Seawat ssn used f or

desul furi zation (hereinafter called "used seawater”) discharged froma
desul furi zatiguitsgwer (not shown) of an exhaust gas desul furizer using
seawater as an absorbent into the surrounding sea area. In this aeration

; 10A. t . arati , {i
appar at us A, e@r&ao@ﬁ%@&ogﬁ'aﬁpa _ t?ﬁép%gg%a%},d%@&ﬁ&lkg generdll ng a

| arge number of mcro-air- bles in seawater flowng in the

seawat er__oxi dati.on_ treatnent, system 1. 0Q16], The.aeration apparatus 10A
is conndded o An AT Eusdiy %scjé"’u;gcee n‘J‘o rl;br%jvm 1‘3%1' SfpegrlseéE nocue!to gclod?htehe
seawat er oxidation treatnent system 1 through an air-supplying pipe 11.

The ot KER"EAWSf the air-supplying pipe 11 is connected to headers

In a first embodiment shown in FIGS. 1 and 2A, an
aeration apparatus 10A is installed, for example, in the
ingside of a seawater oxidation treatment system (SO0T3) 1 for
draining seawater used for desulfurization (hereinafter called
"used seawater") discharged from a desulfurization tower (not
shown) of an exhaust gas desulfurlizer using seawater as an
absorbent into the surrounding sea area. In this aeration
apparatus 10A, the decarbonation (aeration) is conducted by
generating a large number of micro-air-bubbles in the used
seawater flowing in the seawater oxidation treatment system 1.

(0016]

The aeration apparatus 10A is connected to an air - -supply
source (not shown) disposed outside the seawater oxidation
treatment system 1 through an air-supplying pipe 11. The
other end of the air-supplying pipe 11 is connected to headers
12 arranged along a bottom face la of the seawater oxidation
treatment system 1.

Each header 12 is branched in the flow direction and the
width direction of the bottom face la. The side faces of the

headers 12 are provided with a large number of aeration



12 arranged along a bottomface |la of the seawater oxidation treatnent
system 1. Each header 12 is branched in the flow direction and the wdth
direction of the bottomface la. The side faces of the headers 12 are
provided with a | arge nunber of aeration 12 nozzles 13, called "diffuser
nozzl es", so as to extend in the hori2zéntal direction. That is, in the
aeration apparatus 10A of this enbodi nent, the headers 12 communi cating
with thenaazriesuppl yecagled pediifaser imstaleel, oo tde totdomidicen |ehof the
seawat er oxidation treatnent system1l, and the aeration nozzles 13 for

gener at i i@ Bz diaf ge GImad 1 & . MTel0- aig,- Bubkes adriemceutppbdane abhrached
to the side faces of each header 12 so as to extend along the bottom face

“lain ther hogizogtidbaififectipn. nd 00471 17 h@oﬁaﬁfﬁ@éﬂﬁqgwﬁm Agd at4 on

nozzles 13 WI|| now be brlefly descrlbed As shown 1in FIG 2B, the

aeration n 1¢ install he_ sji f o ach. he r 12,
with fl asngIQ g ogs%o:lel éer eb V\gi;%é etlgl r}:-’%%%pr? y%ah% pil]a‘peo (11Cehand t he
headers 12, Whl ch ar 1]}‘)J aced in used seawat e resin Lga in view of

corrosi on- ?”é%?%% arce e F ot e%%ﬁ%enﬁ'h%y%%?r&t 'onarh 77tes? %Th have a

structure corrposed of a base material 16 having an approxi mately
cyl i ndri%@#zkhape3 for generating a large amount of micro-air-bubbles

from cuts 14 are attached to the side faces of each header 12
so as to extend along the bottom face la in the horizontal
direction. |

[0017]

The structure of the aeration nozzles 13 will now be
briefly described.

As shown in FIG. 2B, the aeration nozzles 13 are
installed on the side faces of each header 12, with flanges 15
disposed therebetween. The air-supplying pipe 11 and the
headers 12, which are placed in used seawater, are resin pipes
in view of corrosion resistance, for example.

The aeration nozzles 13 each have a structure composed of
a base material 16 having an appreximately cylindrical shape
and made of a resin in view of corrosion resistance against
used seawater, a rubber hose 17 provided with a large number
of cuts 14 and disposed so as to cover the outer circumference
cf this base material 16, and joining members 18, such as wire
or bands, for fixing both ends of the hose 17 to the base

material 16. The cuts 14 are closed when they are in a normal



and made of a resin in view of corrosion resistance against used seawater,
a rubber hose 17 provided with a |arge nunber of cuts 14 and di sposed so
as to cover the outer circunference of this base material 16, and j oi ning
menbers 18, such as wire or bands, for fixing both ends of the hose 17 to
the base material 16. The cuts 14 areldl osed when they are in a normal 13
state where no pressure is applied thereto. [0018] One end of the base

mat er i al stlfc e ormem: cat gsradddrd hies amsl ded ofhdhetdeader 12 via an air inlet
19 passing through the header 12 and the flange 15 in order to enable the
introduction pfopgy when the base material 16 is attached to the header
12. The interior of the base material 16 is divided in the horizontal

direction by @né)_aérg(jltt%ﬁr\:l'% %%%g}@?ﬁ&rgﬁd@@l %Hﬂ&'ﬁ%e '@{t l_lpés)i nt in

the axial direction ereof. T owof alr 1si1n

partition plate ~16a. .l n additiaon,_ an aiy_out] et b is provided i.n the
P e |t oL for W LR ARG 12 Oha A UL OB O RS AGHRT LS,

the partition plate 16a. This air out)et 16b allows air_to flow out

bet ween tie k?%%% 3-"c]r$1ci?.}?"f:|l eﬂé%t%la?n%%ri cE? P T het hoTPREE dMF t he out er
circunferential surface of the base material 16, that is, to flow out into
a pressukitzEedert spacet 2iUr Wienphyibrsa priessial 1o theahozehad t® expand

it. Therefore, as indicated with the arrow A in the draw ng, the
the header 12. The interior of the base material 16 is

divided in the horizontal direction by a partition plate 16a
provided at an intermediate point in the axial direction
thereof. The flow of air is inhibited by this partition plate
l6éa. In addition, an air outlet 1lékb is provided in the side
face of the base material 16, at a position on the header 12
side of the partition plate 16a. This air outlet 16b allows
air to flow out between the inner circumferential surface of
the hose 17 and the outer circumferential surface of the base
material 16, that is, to flow ocut into a pressurization space
21, b& applying a pressure tc the hose 17 to expand it.
Therefore, as indicated with the arrow A in the drawing, the
air flowing in the aeration nozzle 13 from the header 12 flows
into the interior of the kbase material 16 from the air inlet
19 and then flows out into the pressurization space 21 from
the air outlet 16b in the side face.

The Jjoining members 18 fix the hose 17 to the base
material 16 and prevent air that flows in through the air

outlet 16b from leaking ocut through the two ends.



air flowng in the aeration nozzle 13 fromthe header 12 flows into the
interior of the base material 16 fromthe air inlet 19 and then flows out
into the pressurization space 21 from the air outlet 16b in the side face.
The joining nmenbers 18 fix the hose 17 to the base material 16 and prevent
air that flows in through the air outlét 16b from |l eaki ng out through the
two ends. 14 [0019] In the thus configured aeration nozzle 13, the air
flowing in froMli%e header 12 through the air inlet 19 flows out into the
pressuri zation space 21 through the air outlet 16b and stays in the

pressuri zati om spacerdils teh CHeose ddeatidd eidad 1 Hressuite: hecause of the
cuts 14 being closed. As a result, the hose 17 is expanded by the

| ner easedh JLRS NAl £REPSSE holad el PraRUidr MO, SPag &l 19 ORAR, the

cuts 14 provid int se 17, resulting in t%e outflow of mcro-

air-bubbles into the used seawater. Such er.atio f. m cro-_air-bubbl es
al nnco ¥\éa1ilon 3 az%?gf;flgh}?th% Qche air ou elaet

i's performnedin éﬁﬁﬁﬁr? & aefation are provi Wth air
oxi dat OHPH R Y Syt e IRy Lo Crhre g dth NG SEFEATh Wi Lo 20
formed of the headers 12 and the aeration nozzles 13 descri bed above are
di sposediseyl pressure because of the cuts 14 being closed. As a
result, the hose 17 is expanded by the increased internal
pressure of the pressurization space 21 to open the cuts 14
provided in the hose 17, resulting in the outflow of micro-
air-bubblies into the used seawater. Such generation of micro-
air-bubbles is performed in all of the aeration nozzles 13
that are provided with air via the air-supplying pipe 11 and
the headers 12.
[0020]
In the seawater oxidation treatment system 1 having a
channel width W, aeration units 20 formed of the headers 12
and the aeration nozzles 13 described above are disposed so as
tc cover a unit installation width Wa on the bottom face 1la,
while leaving a portion in the lateral direction. Thus, in
the seawater oxidation treatment system 1 having a channel
width W, a region having a missing portion width Wb where the
aeration units 20 are not provided defines nczzleless sections
30.

That is, the headers 12 communicating with the air-

supplying pipe 11 are installed on the bottom face la of the



to cover a unit installation width Wa on the bottomface la, while |eaving
a portion in the lateral direction. Thus, in the seawater oxidation
treatment system 1l having a channel wi dth W a region having a m ssing
portion width W where the aeration units 20 are not provided defines
nozzl el ess sections 30. That is, the hkaders 12 communi cating with the
air- supplying pipe 11 are installed on the bottomface |la of the 15

seawat ersensatat i o tdeat ave nt r sytsieam sy snen the @ed athorneamritison 2thits
generating mcro-air-bubbles fromthe aeration nozzles 13 attached to the

headers AR ddyed pgei ddeninozzl £l essuserdd onsoO:hdasd b for mawe hot tiom
regi ons not generating mcro-air- bubbles. The nozzl el ess sections 30 in

this casg.af qvi dad. suceessivel i, &l e @id h%zzsiéifeg@léeéeﬁéﬁf igteral

direction of the seawater oxidation treatnment system 1. [002 n such an

i 10A,. si he. i its. 20 i
i Cr - ai 7 Dbl EL TR R e Sorsid B e dyo1 S0 B IR REF 4 3t Tia headers 12

ni cr o- aif
i ncl ude the nozzl el ess sections 30 partly faorm rlll(%ﬁ':]he bott om regi.ons t hat

do not RyRtete e &oFaladess eSCUPREr 9% FowS Fith&assr WS BEOVAded G 1)

of used seawater rising toward the water surface are generated with the
m cr o- ai Fudrbbd e ky o et eiEre Yy ohldoZra bl in3the laleerali dhreEhday t he
unit installation width Wa.

of the seawater oxidation treatment system 1.

[0021]

In such an aeration apparatus 10A, since the aeratiocn
units 20 generating micro-air-bubbles from the aeratién
nozzles 13 attached to the headers 12 include the nozzleless
sections 30 partly forming the bottom regions that do not
generate micro-air-bubbles, upward flows (the arrows Fa in
FIG. 1) of used seawater rising toward the water surface are
generated with the micro-air-bubbles from the aeration nozzles
13 in the region having the unit installation width Wa.

Consequently, since the amount of the used seawater at
the bottom face la side of the seawater oxidation treatment
system 1 is decreased by the upward flows of the used
seawater, in order to compensate for this decrease, downward
flows (the arrows Fb in FIG. 1) are formed in the region not
generating micrc-air-bubbles due to the nozzleless sections
30. The downward flows in this case are formed in the
nozzleless secticns 30 provided along the side wall of the

seawater oxidation treatment system 1.



Consequently, since the anount of the used seawater at the bottomface |la
side of the seawater oxidation treatnment system 1l is decreased by the
upward flows of the used seawater, in order to conpensate for this
decrease, dowward flows (the arrows Fb in FIG 1) are fornmed in the
region not generating mcro-air-bubbl&6 due to the nozzl el ess sections

30. The downward flows in this case are forned in the nozzleless sections
30 provided al@wpt he side wall of the seawater oxidation treatnment system
1. 16 [0022] Consequently, in the seawater oxidation treatnment system 1,

the upward fl@wssdduddier ynitn id1sd add Afd 1y Wt dh WoWheres tildi agfatdon
units 20 are installed and the downward flows in the m ssing portion wdth

Vb wher g t 5@}{% £y tﬂ@%é%ni% & v ded; & _ewfm})iwge%egﬁ% orm a

circul ati’n w dely circul ates over approxinmately the | e cross

section _.of the seawater, oxidation treatment system 1l in th sed .seawater
fl ow ng tikhe tHe Beavtat Bt Bkidatd on Jtl}setaﬁa]rge% %@%tte}?ﬁ 1&0"“7%5{1%? #ho"f%elrhsed
seawater flowing in the seawater oxidation treatnent. system1, a |large

ci r cul at'iy HHow A QORI kel Whyi R VRS R AP 1558 e TGk 3

direction of the seawater oxidation treatnent system 1, thereby
accel er afhPuadedakigne efmhiednts riouscd sesataying oDxg] that

widely circulates over approximately the whole cross section
of the seawater oxidation tfeatment system 1 in the used
seawater flowing in the seawater coxidation treatment system 1.
Thus, in the used seawater flowing in the seawater oxidation
treatment system 1, a large circulating flow over the channel
width W 1s formed in the lateral direction of the seawater
oxidation treatment system 1, thereby accelerating the mixing
of the entire used seawater.

[0023]

In a second embodiment shown in FIG. 3, a partition
member 40 extending in the flow direction of the seawater
oxidation treatment system 1 is installed so as to separate
the region having the unit installation width Wa where micro-
air—bubbles are generated and the region having the missing
portion width Wb where micro-air-bubbles are not generated
from each other in the width direction c¢f the seawater
oxidation treatment system 1. Other components are basically
identical to those described in the first embodiment, and

detailed descriptions thereof are omitted below.



In a second enbodi nent shown in FIG 3, a partition nenber 40 extending in
the flow direction of the seawater oxidation treatnment system1 is
installed so as to separate the region having the unit installation width
WA where mcro- air-bubbles are generated and the regi on having the m ssing
portion width Wb where m cro-air-bubblE®s are not generated from each other
in the wwdth direction of the seawater oxidation treatnent systeml1l. Qher
conponent s ar[@drasi cally identical to those described in the first

enbodi ment, and detail ed descriptions thereof are omtted bel ow. 17

[0024] The pard tdaamt ifBemebdiS,4( Ofs exaplean I ate ¢ lide - Inmaaer
partitioning the lateral direction of the seawater oxidation treatnent

system 1, and. | $,00si Loy 'trhé hey el ghtys ddaptdn ¥ naed iQnpftdihe seawat er

oxi dati on treat ment syste 1, so as to allow used seawater to flowin the
wi dth directiaon avat er dat on, treat A t. Lhe water
surf ace FdE A Qttretéh mebn tom T ace S$i'e e, nsb tostalo cci ﬁ‘hemef Ih% (/{nhtthe
m ddl e portlon As a result, the upward fl ows, and t down rdflovvs of
ci rcul at §9P HHovE F5 et 19 (e s%%kﬁteer I S&Aa5 e P‘r HWten 1 are

reliably separated with the partition rrerrber 40 servi ng as boundary
Wth thils confagdratdlony tueed samtatar of & darge @9 clidh rfblrrerqﬁ/r%\/er

t he channel wi dth Wof the
of the seawater oxidation treatment system 1 at the water

surface side and at the bottom face side, but to block the
flow in the middle portion.

As a result, the upward flows and the downward flows of
circulating flows formed in the seawater oxidation treatment
system 1 are reliably separated with the partition member 40
serving as a boundary. With this configuration; the formation
of a large circulating flow over the channel width W of the
seawater oxidation treatment system 1 can be further
accelerated.

[0025]

In a third embodiment shown in FIGS. 4 and 5, the
aeration nozzles 13A are vertically arranged instead of the
horizontally arranged aeration nozzles 13. The same portions
as those in the above-described embodiments are designated
with the same reference numerals, and detailed descriptions
thereof are omitted.

In this embodiment, since aeration units 20A having the

vertically arranged aeration nozzles 13A are employed, the



seawat er oxidation treatnent system 1l can be further accelerated. [0025]
In a third enbodi nent shown in FIGS. 4 and 5, the aeration nozzles 13A are
vertically arranged instead of the horizontally arranged aeration nozzles
13. The same portions as those in the above-described enbodi nents are
designated wth the same reference nuitBral s, and detailed descriptions
thereof are omtted. In this enbodi nent, since aeration units 20A having
the verdumadi yoariengess abtrabidoed nozz | esi 3 as o enploysshwdther 18  nunber
of nozzl es disposed per unit area of the seawater oxidation treatnent

system lo€adh Pfon NEF&asesht ASEDish NOl ¥an Bdei pditdaddist aldidrenngigti h V'
for installing the aeration units 20A can be nmade snmaller than that of a

hori zont 5@%@ : ! OV} : condi 1 d . such as
t he chanﬁlle? l\;ﬁé%{?hnﬂSVo lt#e@%ne}v\}av%%k? TIf)%g(i d%ﬁg%ﬁét]%%it{nﬁ%t sysétée%hgll&gnd t he
amount of _air enerating mcro-air-bubbles ar t.he sane._ Consequently,
the m ssliuhjgt%o%ﬁo Wi hmaﬂf%e Y the” %%I%I%}Fae%soge%tkil%%%z%%alcan be made
| arger than that of the harizontal arrangenent (W' > V\bg [0026] By
enpl oyi rF SIRFCTHRAE i €4 | v dF3 landRtP aEd et | UPE o2 €PN AR O eSYHR 13 of the
unit installation wwdth Wa' form ng the

the channel width W of the seawater oxidation treatment system

1 and the amount of air for generating micro-air-bubbles are
the same. Consequently, the missing portion width Wb' of the
nozzleless sections 30A can be made larger than that of the
horizontal arrangement (Wb'™ > Wb).

[0026]

By employing such vertically arranged aeration nozzles
132, the ratioc of the unit installation width Wa' forming the
upward flows and the missing portion width Wb' forming the
downward flows can be close to 1:1. Therefore, a large
circulating flow over the channel width W is readily and
reliably formed in used seawater flowing in the seawater
oxidation treatment system 1, thereby further accelerating the
mixing of the used seawater.

{00271

A first modification and a second modification of the
above-described embodiments are shown in FIG. & and FIG. 7,
respectively, and will be described. The same portions as
those in the above-described embodiments are designated with

the same reference numerals, and detailed descripticns thereof



upward flows and the m ssing portion width W' formng the downward flows
can be close to 1:1. Therefore, a large circulating flow over the channel
width Wis readily and reliably formed in used seawater flowing in the
seawat er oxidation treatnent system 1, thereby further accelerating the
m xi ng of the used seawater. [0027] AL®#irst nodification and a second
nodi fication of the above-described enbodi nents are showmn in FIG 6 and
FIG 7, amespedtiacel y, and will be described. The sanme portions as those
in the above-descri bed enbodi nents are designated with the sane reference

nuneral s, andirdeiridathdestrdgidensid heyeds ke afie amddEiki ddtamn aeration
apparatus 10C of the first nodification shown in FIG 6, the nozzl el ess

sect | ons. 308, nol GANEE! i1, 18 £10 s bubll 8%, A1l RAOSETh dherpy ttently.

inthe f irection ‘of the seawater oxidation treatnent system 1. That

is, aerat.ion unit:¢ 20A)_ haying the .unit_ji.nstallatiqn w dt VW (Va

and aer &t Uit }U%%&(ensaval?rneg 1hsé% c%eaoﬁnleqncevﬁmd]tn%%talr% l%art\r,}\%éengedj Al ter na% ely
in the flow direction of used seawater. . As a result, the nozzl el ess

sect | on< SO qeinerlit | 35 1A I 0-0 5 94 b e SR et | § BPbr med
wth predetermned intervals along one side wall of the seawater oxidation
t r eat menits s yasteh don CHsewEht (30 )sieel bviHvearan ¥t cvigsterlelation width

Wa (Wa') and aeration units 20B having the channel width W are
arranged alternately in the flow direction of used seawater.
As a result, the nozzleless sections 30B not generating micro-
alr-bubbles are intermittently formed with predetermined
intervals along one side wall of the seawater oxidation
treatment system 1. Consequently, since downward flows are
also intermittently formed, the turbulence cccurring in the
flow of used seawater is increased, thus accelerating mixing.

[0028]

In an aeration apparatus 10D of the second modification
shown in FIG. 7, the channel width W of the seawater oxidation
treatment system 1 is divided into two areas, and, in each
area, regions generating micro-air-bubbles due to the aeration
units 20 (20A) and regilons not generating micro-air-bubbles
due to nozzleless sections 30B are alternately arranged. As a
result, in the entire seawater oxidation treatment system 1,
the nozzleless sections 30B are arranged in a checkerboard
pattern. In this case, the division ratio of the channel

width W is not limited tTo two equal parts.



also intermttently formed, the turbul ence occurring in the flow of used
Sseawater is increased, thus accelerating mxing. [0028] In an aeration
apparatus 10D of the second nodification shown in FIG 7, the channel

wi dth Wof the seawater oxidation treatnment system1l is divided into two
areas, and, in each area, regions gengtating mcro-air-bubbles due to the
aeration units 20 (20A) and regions not generating mcro-air-bubbles due
to nozzl el ess[exd]ions 30B are alternately arranged. As a result, in the
entire seawater oxidation treatnment system1l, the nozzleless sections 30B

are arranged yit sihackal M&%@@éd@% d Neidt 1te MRS d tda 1M Siddhdeaat i o
of the channel wdth Wis not limted to two equal parts. 20 [0029] Wth

such an .3 ac{ﬁ'gfé@dﬁ't A Cé&‘%ﬁﬁﬁrab@ﬂ{ PG L b riddCE, e (flidgctions of
ci rcul atln{:] ows C)orrred?lgifin t he us_eaéj §eamzaterrare gT_ternate y opposite to
clcurrlncgs.lnthefl wis 1ncr ased, thus

:2g2| g£ gs%r%wggtrhﬁe&i%%e.r ballj’]‘lnt?iagr?ne%ﬁ?ee yarqpé)ngelﬁe%ttoofeaf%e Ci>ntozez]1”’elt S sections 30
(30A, 30B) may be successive alqgng either side wall in the |ateral

di r ect i IS RS ki datifon HrdatentnSRaA%GA1 YMSay  be
intermttent. Furthernore, the arrangenent of the nozzleless sections 30
(30A, 3CR)CadBL el terhiat®] y

Thus, the arrangement of the nozzleless sections 30 (304,
30B) may be successive along either side wall in the lateral
direction of the seawater oxidation treatment system 1 or may
be intermittent. Furthermore, the arrangement of the
nozzleless sections 30 (30A, 30B) may be alternately
intermittent along both side walls.

[0030]

According to the present invention described above, a
large circulating flow over the channel width W in the lateral
direction of the seawater oxidation treatment system 1 is
formed in used seawater flowing in the seawater oxidation
treatment system 1 by providing nozzleless sections 30 (303,
30B) not generating micro-air-bubbles. Since such a formation
of the circulating flow accelerates the mixing of the entire
used seawater, insufficient mixing can be avoided even if the
properties of the used seawater flowing in the seawater
oxidation treatment system 1 are different at both sides in

the width direction of the seawater oxidation treatment system

1. Therefore, the used seawater passing through the aeration



intermttent along both side walls. [0030] According to the present

i nvention described above, a large circulating fl ow over the channel w dth
Win the lateral direction of the seawater oxidation treatnment system1l is
formed in used seawater flowing in the seawater oxidation treatnent system
1 by providing nozzl el ess sections 30 £ZBOA, 30B) not generating

m cro-air-bubbles. Since such a formation of the circulating flow

accel er aigs A aniatid@pedfng hraantdd eintus ethes eanatcemdims ufdad eirent dunxi ng
can be avoided even if the properties of the used seawater flowing in the
seawat ery 5 axi G4 QN ddeatymeidncestamsl avfidf grefcati Koty sl desiian  the
width direction of the seawater oxidation treatnment system 1. Therefore,

t he usednﬁ&mc}]rgé Spgac%ﬁmg;l& hyough the agratd on 2l i appay@t uspand dsi ng

drained intd t rroundi ng sea area can ave approxi mat el y "honogeneous

seawat er.gro %f;g.es a whol e., Thcgls cihe roovi s.ioon oefr Ohr(?n rhoczezl el ess
sections daf IVRBCT PIRFFEART Ve SIETHIFA g K A St i on
per f or mance. 0031] Furthernore, by inproving the decarbonation
performance df9ihe aeration apparatus, the length of the seawater
oxi dation treatnent system 1l necessary for conducting a predeterm ned
| evel of decdrbodHmITcakbedusrdgsedhe Trgafomsatidie rostommnache space
for installing the seawater

of the aeration apparatus, the length of the seawater

oxidation treatment system 1 necessary for conducting a
predetermined level of decarbonation can be decreased.
Therefore, the cost and the spacé for installing the seawater
oxidation treatment system 1 can also be decreased.

The present invention is not limited to the above-
described embodiments and can be variocusly modified within the

scope of the present invention.



oxi dation treatnent system 1l can al so be decreased. The present invention
is not limted to the above- described enbodi nents and can be variously
nodified within the scope of the present invention. 22 CLAIMS 1. An
aeration apparatus being installed in a seawater oxidation treatnent
system for draining used seawater distharged froma desul furization tower
of an exhaust gas desul furizer using seawater as an absorbent and
configured to conduct decarbonati onChiIenerating mcro-air-bubbles in the
used seawat er, wherein headers communicating with an air-supplying pipe are
installed on a bottomface of the seawater oxidation treatnent system and
aeration units generating the mcro-air-bubbles fromaeration nozzles

tt h t t i : | 4 i f i
attached to tfie Vé]bgfraagﬁrénl %ﬁﬁsub@r%%ge B85 SeGd oS f Wefarddy formng

bot t om regi ons es are not generated. 2. The aeration

appar at us_.accor di tq Claimil, wherein,a.partition ne xtending in
the fl oW aetc:Jtcfrbnn[jqfoef‘_" it ssé/a%?né‘rafroo&idcfgafjirglnni r&esa C{r}\esne?ams)aysetrgm is installed
so as to_, separate the regjon where nLcro-air-bgg?les are generated and

r

t he 1 egiBirF GHETEE i TP & Bl Wt Zi e Hot P J&ilert & 1 2%t her in

the width direction of the seawater oxidation treatnent system and the
partiti clestenberi zg1 ovsingegpavater as an absorbent and configured to

conduct decarbonation by generating micro-air-bubbles in the
used seawater, wherein

headers communicating with an air-supplying pipe are
installed on a bottom face of the seawater oxidation treatment
system, and aeration units generating the micro-air-bubbles
from aeration nozzles attached to the headers comprise
nozzleless sections for partly forming bottom regions where

micro-air-bubbles are not generated.

2. The aeration apparatus according to Claim 1, wherein a
partition member extending in the flow direction of the
seawater oxidation treatment system is installed so as to
separate the region where micro-air-bubbles are generated and
the region where micro-air-bubbles are not generated from each
other in the width direction of the seawater oxidation
treatment system, and the partition member allows used
seawater to flow in the width direction of the seawater
oxidation treatment system at the water surface side and at

the bottom face side.



seawater to flowin the width direction of the seawater oxidation
treatnent systemat the water surface side and at the bottomface side. 23
3. The aeration apparatus according to daim1l or 2, wherein the aeration
nozzles are vertically arranged so as to extend upward in the verti cal
direction fromthe headers. 23

3. The aeration apparatus according to Claim 1 or 2, wherein
the aeration nozzles are vertically arranged so as to extend

upward in the vertical direction from the headers.



