'l DESCRI PTI ON EXHAUST GAS DESULFURI ZER Technical Field [0001] The
present invention relates to an exhaust gas desul furizer enployed in an
electric power plant, such as a coal-fired, crude-oil-fired, or
"heavy-oil-fired power plant, and particularly relates to an exhaust gas
desul furizer for desulfurization usingla seawater nethod. Background Art
[ 0002] Conventionally, in an electric power plant using coal, crude oil,
~or the like as fuel, conbustion eXWERTRAEON (herei nafter referred to as
"boi | er exhaust gas") discharged froma boiler is desulfurized to renove
sul fur oxides (SOx), such as sulfur dioxide (SO2) which is included in
.boiler exhaust gas, and is then discharged into the atnosphere. Known

exanpl es of such desul furizakuanskr eagneprsunrFiiRT@RR exhaust gas
desul furizer include systens enploying a |inestone-plaster nethod, a spray

~dryer nmethod, or a seawater nethod. [0003] 2 Anpong these systens, an
exhaust gas desul furizer enploying the seawater nethod (hereinafter

referred to as Technical Field

[0001]

The present invention relates to an exhaust gas
desulfurizer emploved in an electric power plant, such as a
coal-fired, crude-oil-fired, or heavy-oil-fired power plant,
and particularly relates to an exhaust gas desulfurizer for

desulfurization using a seawater method.

Background Art

[0002]

Conventicnally, in an electric power plant using coal,
crude o0il, or the like as fuel, combustion exhaust gas
(hereinafter referred tc as "boiler exhaust gas") discharged
from a boiler is desulfurized to remove sulfur oxides (S0x)},
such as sulfur dioxide (S02) which is included in boiler
exhaust gas, and is then 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.

[0003]



‘"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 desul furization tower (absorption tower) having a substantially
“cylindrical shape, such as a vertically disposed cylinder, to cause
gas-liquid contact in a wet system tHkereby renoving sul fur oxides using
the seawater as an absorbi ng sol ution. Known exanples of such seawater
spray systenmsffnusing Hdee seavarer, deswufhmustergas maghildhiridesul furi zation is
carried out by gas-liquid contact between the seawater falling fromthe
upper pamgdiayicg the: desidddy inzatrian (rowesi etk dtherotatst itan :exhaust gas
.rising up fromthe I ower portion of the desul furization tower, include

systens el anidyg & d8aki NG U at & SYSteMy & HACK Nth S SBerk . SRHAY
system or a liquid colum system In the above-nentioned seawat er

desul furgizer o 11 general o Lhe seawat ol d hat, wias, used a5, alabsarbent in

the desu iZati o a Seawat er oxi at ment

system (SOTS). and is drained, into the surrounding sea area. The used
Shawat erS R S e WO G kSRR o SR O ey BT S R bt ed
~to treatnent, for exanple, decarbonation (aeration). [0004] Here, as an
exanpl e OV o SERtT chalulsdaitierl 7 elekindukdaershanfe coHih i ation of a
| eaki ng plate systemw Il be briefly described with reference to Fig. 10.
In the vertically disposed cylinder, to cause gas-liquid contact in a

. wet system, thereby removing sulfur oxides using the seawater
as an absorbing sclution. Known examples of such seawater
spray systems using the seawater desulfurizer, in which
desulfurization is carried out by gas-liquid ceontact between
the seawater falling from the upper portion of the
desulfurization tower and the combustion exhaust gas rising up
from the lower portion of the desulfurization tower, include
systems employing a leaking plate system, a packing system, a
spray system, or a liquid column system.

In the above-mentioned seawater desulfurizer, in general,
the seawater that was used as an absorbent in the
desulfurization tower flows intc a seawater oxidation
treatment system (SOTS) and is drained into the surrounding
sea area. The used seawater flowing in the seawater oxidation
treatment system is subjected to treatment, for example,
decarbonation (aeration).

[0004]

Here, as an example of a conventional seawater



seawat er desul furizer 1 shown in the drawi ng, seawater is supplied to the
desul furization tower 2 fromthe upper portion and freely falls, and
boi |l er exhaust gas is supplied to the desulfurization tower 2 fromthe

| ower portion and rises up. Accordingly, gas-liquid contact occurs between
the rising boiler exhaust gas and the Falling seawater. The

desul furization tower 2 includes a plurality of perforated panels 3

“arr angeddedupihedeter m e coiBrpatstiontde veleakalg plaectswatah wilel

desul furization tower 2 as a wet system and the gas-Iliquid contact

bet ween e, seamp) ede Saeh bde Woil efefexhatsttgasids Behi avedHay means of
the seawater and the boiler exhaust gas passing through a | arge nunber of

hol es 4 ;providedyd &, 1he PaLf of atied panel end. atayHlg, dlawdelerence

nuneral 5 denotes a seawater-supplying pipe, 5a denotes a seawater nozzle,

€ enenot eSufhl el SeARL e QUi kel Lors ol SEhar o) e desuld uriged seaveler. 7

denot es ‘& boi r - exhaust = gas por

boi | er - exhaust - gas exhaust rt, for discharging desulfurjzed boiler
oxhaust He ALY chmnbt . a8 bl S SE TR S 1L oy 1§80 24 1 some
cases using the seawater desul furizer 1, the desulfurization tower 2 is
ar r angeddabolElnl sabiel cFOWsE datf orm theat eEnE RYSE LM (VOTS) 19SS gkl used

seawater after 4 desulfurization is made to directly fall into the
seawat erAcoxrdimgby, tgaat emidystenaot foomrheoesetesctwateisbuyl et 6

boiler exhaust gas and the falling seawater. The
desulfurization tower 2 includes a plurality of perforated
panels 3 arranged at predetermined intervals in the vertical
direction of the desulfurization tower 2 as a wet system, and
the gas-liquid contact between the seawater and the boiler
exhaust gas is achieved by means of the seawater and the
boliler exhaust gaé passing through a large number of holes 4
provided in the perforated panels 3. In Fig. 10, reference
numeral 5 denotes a seawater-supplying pipe, 5a denotes a
seawater nozzle, 6 denotes a used seawater cutlet for
discharging desulfurized seawater, 7 denotes a boiler-exhaust-
gas supply port, and 8 denotes a boiler-exhaust-gas exhaust
port for discharging desulfurized boiler exhaust gas (for
example, see Patent Documents 1 and 2).

[0005]

In some cases using the seawater desulfurizer 1, the
desulfurization tower 2 is arranged above a secawater oxidation

treatment system (SOTS) 9, and used seawater after



formed at the | ower end of the desulfurization tower 2, and is then

drai ned away. That is, the used seawater is mxed and diluted with
diluting seawater when falling fromthe desulfurization tower 2 into the
‘diluting seawater flowing in the seawater oxidation treatnent system9 and
is then drained away. The seawater oxidation treatnent system 9 through
which the used seawater flows is provided with gas-sealing barrier walls
10 ext entb gl fumt oz 4 thieors eawatate flor Preventy ntgl heibod | 'Bre sxdhalstr gas in
the desul furization tower 2 fromflowng into the seawater oxidation

t r eat mendx syst 29 % rACOE ek NGy Y erh he £ihah | etfe exdadisée gast stippht ok td t he
.desul furization tower 2 is sealed by the barrier walls 10 and the seawater

surface ghdheglogs Nt 1&ak faamdhe imiys space; $oF imd abpyve 4 hes.geavat er

surface in the seawater oxidation treatnent system9. In a seawater

d | fur] ' : Ki tc.),
esul T urdg&l n#’féé{l}?%cfin%drr]i}‘f.; t%“t‘!ahesr %%[?33{1 ef%)’ HLMAR PAGKING Sy %%;ﬁm etc.)

the basic¢c Co € sarfe: deslUlfurization i's carrie by
gas-liquid contact . between the seawater falling. fromthe upper portion of
T | astirErTS AT o TONETI o G e Gt TONE B el IS i hg. up from
the | ower portion of the desulfurization tower 2. Patent Docunment 1:
Japaneselariekamg herlt Pt etvenppl 1t i Ui PubltEa? | Sre RS HEF LaWipdoen3

Pat ent Docunent 2: Japanese Unexanmi ned Patent 5 Application, Publication
No. 2001sHossPwIisr | osutat ofn | hnentiept system 9 and is then drained

away. The seawater oxidation treatment system 9 through which
the used seawater flows is provided with gas-sealing barrier
walls 10 extending into the séawater for preventing the boiler
exhaust gas in the desulfurization tower 2 from flowing into
the seawater oxidation treatment system 9. Accordingly, the
boiler exhaust gas supplied to the desulfurization tower 2 is
sealed by the barrier walls 10 and the seawater surface and
does not leak from the empty space formed above the seawater
surface in the seawater oxidation treatment system 9.

In a seawater desulfuriéer using another seawater spray
system {a packing system, etc.), the basic configuration is
the same: desulfurization is carried out by gas-liquid contact
between the seawater falling from the upper portion of the
desulfurization tower 2 and the combustion exhaust gas rising
up from the lower portion of the desulfurization tower 2.

Patent Document 1: Japanese Unexamined Patent
Application, Publication No. HEI-11-290643

Patent Document 2: Japanese Unexamined Patent



'[0006] Wth the above-descri bed seawater desul furizer 1, because the used
seawater is made to fall fromthe desulfurization tower 2 into the
seawat er surface of the diluting seawater flowing in the seawater

oxi dation treatnent system (SOTS) 9, where it is mxed and diluted, when
t he used seawater plunges into the seawater surface of the diluting
seawater, the boiler exhaust gas in the desulfurization tower 2 may be
~entrai nédbplimrteion duschtlol sitriomyg Naw B0 &Ehee2at>2 he seawat er surface. The
boi | er exhaust gas entrained in the used seawater in this way becones air
bubbl es which flowin the flow of the diluting seawater and pass through
.the barrier walls 10 to be discharged. Accordingly, a part of the boiler

exhaust gas |eaks, togetherpmidihhdihe did utdng.seawater, fromthe
desul furization tower 2 to the surrounding area, which is undesirable.

[ 0007] Thus g]the exhaust gas desul furizer (seawater desulfurizer)
using the sea&at nmethod, it is desirable to overcone t he problen1of t he
boi | er exhaust. gas,. which is. entrai ned wh seawat Iun es into
Pt anat S e e e o D et "o SR PR S PR Y R e

desul furization tower to the surroundlgﬂlarea due to the f|OM/ of the

di | uti ng-iR ARt rse Rl §F estritadthvieht Fohl nBsomeehre cdpdet Ve 78t 19yht of the

tower 2 into the seawater surface of the diluting seawater
flowing in the seawater oxidation treatment system (SOTS) 9,
where it is mixed and diluted, when the used seawater plunges
into the seawater surface of the diluting seawater, the boiler
exhaust gas in the desulfurization tower 2 may be entrained
therein due to strong turbulence at the seawater surface. The
boiler exhaust gas entrained in the used seawater in this way
becomes air bubbles which flow in the flow of the diluting
seawater and pass thrcough the barrier walls 10 to be
discharged. Accordingly, a part of the boiler exhaust gas
leaks, together with the diluting seawater, from the
desulfurizationr tower 2 t¢ the surrounding area, which is
undesirable.

[0007]

Thus, with the exhaust gas desulfurizer (seawater
desulfurizer) using the seawater method, it is desirable to
overcome the problem of the boiler exhaust gas, which is
entrained when the used seawater plunges into the seawater

surface of the diluting seawater, leaking from the



“ci rcunst ances descri bed above, and an object thereof is to prevent or
mnimze the | eakage of the conbustion exhaust gas in an exhaust gas

desul furizer using a seawater nethod by preventing or reducing entrai nnent
~of the conbustion exhaust gas (boiler exhaust gas) generated when the used
seawater plunges into the seawater surface of the diluting seawater.

[ 0008] The present invention enploys the follow ng solutions for solving
~the af ordemntfiwnethiprobltenssr 11r darhexhausturgdisndestpd uhig ero ddoorfdiowg to
one aspect of the present invention enploying a seawater nethod in which
desul f urdzatieoordisutciongucteeh hyr causi ng gas-1iquid contact between
seawater falling fromthe upper portion of a desulfurization tower and

combusti on exfralstraas i Sightibn FHAMRAE, | awere DREd 100 OfgHiher the
desul furization tower, used seawater after desul furization falls fromthe

desul f urizati . o . ' . .
o dat | ST PERTARTT el i TS LS o B TV an

[ t-f i ng devi f danpi i t f whi.ch i

gener at StF WS (He LBt Seavidter 41145 dowr Mnd PRUAGESS T 1He G uti ng
seawater, is provided at a position below an inflow position of the

conbust i ¥h A RAUHaIdH dg T uestn fUFiatd oif3eiert 19059 PWccor di ng

to such an exhaust gas desul furi zer,
preventing or reducing entrainment of the combustion exhaust

gas (boiler exhaust gas) generated when the used seawater
plunges into the seawater surface of the diluting seawater.

[0008]

The present invention employs the following solutions for
solving the aforementioned problems.

In an exhaust gas desulfurizer according to one aspect of
the presenf invention employing a seawater method in which
desulfurization is conducted by causing gas-ligquid contact
between seawater falling from the upper portion of a
desulfurization tower and combustion exhaust gas rising up
from the lower portion of the desulfurization tower, used
seawater after desulfurization. falls from the desulfurization
tower into diluting seawater flowing in a seawater oxidation
treatment system and is mixed and diluted therewith, and an
impact-force damping device for damping an impact force, which
is generated when the used seawater falls down and plunges
into the diluting seawater, is provided at a position below an

inflow position of the combustion exhaust gas in the



desul furi zed used seawater falls fromthe desulfurization tower into the
diluting seawater flowing in the seawater oxidation treatnent system and
is mxed and diluted therewith, and the inpact-force danping device for
~danping the inpact force, which is generated when the used seawater falls
down . and plunges into the diluting seawater, is provided at the - position
bel ow the inflow position of the conbustion exhaust gas in the

desul f urdezatli o tzveiron Acoordi-ngly, the used seawater falling fromthe
desul furi zation tower passes through the inpact-force danping device
before plungijmdgito the diluting seawater or when plunging into the
diluting seawater, thus reducing the penetration force on the seawater

surface. |In othergwny ds émima@ﬁhéﬁ@a&@mmﬂm@ﬂisperses t he

flow (seawater mass) of the used seawater talling fromthe desulfurization

tower o : it t Of 4 e0Hces, | ow
vel oci t)r}ielosn&lthjﬁdeﬁgécggﬁeg% é%ﬁj%g%#ngf%%% the di eutcliengg seavvatée%]i,em{ hus
reducinq:the pqpet

seawat er- ¥UFF ace:® [%%Bfim%qerﬁ%a%‘%q e%figcﬁfgf%mn%”‘eﬁ% gsg i%%ﬁn;ocggg may
be a funnel with an inpact-force receiving plate or a grid-shaped 8
menber, TGP EOR GiGAENSD et Tt PPl ki L Grand L L ERA s e Fori
di sposed above the diluting seawater (in conbustion exhaust gas) or bel ow
(i ncl udiang ttee om@asadimtigr dammabolevice for damping the impact
force, which is generated when the used seawater falls down
and plunges into the diluting seawater, is provided at the
position below the inflow position of the combustion exhaust
gas in the desulfurization tower. Accordingly, the used
seawater falling from the desulfurization tower passes through
the impact-force damping device before plunging into the
~diluting seawater or when plunging into the diluting seawater,
thus reducing the penetration force on the seawater surface.
In other words, the iﬁpact—force damping device disperses the
flow (seawater mass) of the used seawater faliing from the
desulfurization tower onto the surface of the diluting
seawater or reduces the flow velocity in the direction
plunging into the diluting seawater, thus reducing the
penetration force of the used seawater plunging into the
seawater surface.
[0010]

The impact-force damping device in this case may be a

funnel with an impact-force receiving plate or a grid-shaped



the seawater into the seawater) the surface of the diluting seawater. In

t he above aspect, the seawater spray systemfor inplenenting gas-liquid
contact may be realized by any of a |eaking plate system a packing
system a spray system and a liquid colum system [0011] According to
the present invention described above, 8dvhen the desul furized used seawater
is made to fall fromthe desulfurization tower into the diluting seawater
in the reedwat.erswti dat iogtirdbatarerar Systed twlatice endyrditinge idand dsecause
t he used seawater falling fromthe desulfurization tower passes through

t he i npacirfror chl GargadiGesm aae tdiel utpanetgatvaref ofice afmduret itged
seawater falling and plunging into the diluting seawater is reduced.

Accor di nglpaudd da) RASHDI &y t O RIAUEIMNG Ahd QSHEC & et i ofaldie
conmbustion exhaust gas in the desulfurization tower in the flow of the

; | _ 10 the flow of tf
Soavat o 1S AP o T0gAUher Wi TR e 17w or  THer di bt g seat er -

t he exhaust gas desul furizer can prevent the | eakage of the boiler exhaust
gas into% Surrounding area fromthe desul furization tower. In other 9
words, with the exhaust gas desul furizer using the seawater nethod, in

whi ch the destl fts ARPS RFRYHwat i€l | TLAHERFRAY b HEMEdRF to fall into

the diluted seawater, the penetration
implementing gas-ligquid contact may be realized by any of a

ieaking plate system, a packing system, a spray system, and a
ligquid column system.

[0011]

According to the present invention described above, when
the desulfurized used seawater is made to fall from the
desulfurization tower into the diluting seawater in the
seawater oxidation treatment system to mix and dilute it,
because the used seawater falling from the desulfurization
tower passes through the impéct—force damping device, the
penetration force of the used seawater falling and piunging
into the diluting seawater is reduced. Accordingly, it is
possible to prevent or reduce entrainment of the combustion
exhaust gas in the desulfurization tower in the flow of the
used seawater. Because the boiler exhaust gas entrained in
the diluting seawater is discharged together with the flow of
the diluting seawater, the exhaust gas desulfurizer can
prevent the leakage of the boiler exhaust gas into the

surrounding area from the desulfurization tower. In other



force of the used seawater is reduced, thus reducing the turbulence
generated at the surface of the diluting seawater. Accordingly, it is
possi ble to prevent or reduce entrai nment of the conbustion exhaust gas
generated when the used seawater plunges into the seawater surface of the
diluting seawater; therefore, a notabl% advantage is afforded in that it
is possible to prevent or mnimze the | eakage of the conbustion exhaust
gas out stadednf wiheh desuldxurdwst igore taswerl D\Brizér Desicrg pthomnsadwdrean ngs
[0012] [FIG 1] Fig. 1 is a sectional view showing a first enbodi nent of a
seawat ermetasst f i zati @f dihe Qraseniriteveanddednsedddar 2]s FAifhated LR
sectional view of the seawater desulfurizer showng a first nodification

in Fig. deind fdde o Fdh1 3idto & pecii Onads iew et hecpeqy@idration
desul furizer” show ng a second nodification in Flg 1. [FI 4] Fig. 4is a

per spectj e gl&%@{g@%@yﬂgg | aveLeg. gy aped member of

a danplng device perspec |ve V|em/s QMAng grids with
a Iayered ructure as the aped nber ﬂ g 10 deV|ce
T & BTt TS it e U el v o bt et i s e
nodi fication of the grid-shaped nenber of the danping device.
Accordingly, it is possible to prevent or reduce entrainment
of the combustion exhaust gas generated when the used seawater
plunges into the seawater surface of the diluting seawater;
therefore, a notable advantage is afforded in that it is

possible to prevent or minimize the leakage of the combustion

exhaust gas outside of the desulfurization tower.

Brief Description of Drawings

[0012]

[FIG. 1] Fig. 1 is a sectional view showing a first
embodiment of a seawater desulfurizer of the present
inventicn.

[FIG. 2] Fig. 2 is a secticnal view of the seawater
desulfurizer shewing a first modification in Fig. 1.

[FIG. 3] Fig. 3 is a sectional view of the seawater
desulfurizer showing a second modificaticn in Fig. 1.

[FIG. 4] Fig. 4 is a perspective view showing a single
layered grid as a grid-shaped member of a damping device.

[FIG. 5] Fig. 5 is a perspective view showing grids with.

a layered structure as the grid-shaped member of the damping



[FIG 7] Fig. 7 is a sectional view show ng a second enbodinent of a
seawat er desul furizer of the present invention. [FIG 8] Fig. 8 is a
perspective view of principal parts, showi ng a danping device of a funnel
‘with an inpact- force receiving plate shown in Fig. V. [FIG 9] Fig. 9 is a
sectional view of the seawater desul fufizer showing a nodification of Fig.
7. [FIG 10] Fig. 10 is a sectional view showing a conventional structure
of a seawsmtieredesul furizer. Explanation of Reference Signs: [0013] |A,

1B, 1C, 1D, and 1E: seawater desulfurizer 2: desulfurization tower 6: used
seawat er outl gr1@. @i |[Fekr.exhduyste gas spuppliyweparitewd sheedwat @ oxi dati on
treatnment system (SOTS) 10: barrier walls 20, 20A, 208, 30, and 30A:

i mpact - o4 ce, Sanagd e Heyi ££ o (P Nk ey 8 Bde daiednfsdd idhnddr 32:

i npact-force receiving plate 33: outlet channel 34: horizontal channel

portion (ﬁesghyb%gﬁ{g Garyidg Qut the Invention

[FIG. 7] Fig. 7 is a sectional view showing a second
embodiment of a seawater desulfurizer of the present
invention.

[FIG. 8] Fig. 8 is a perspective view of principal
parts, showing a damping device of a funnel with an impact-
force receiving plate shown in Fig. 7.

{FIG. %] Fig. 9 is a sectional view of the seawater
desulfurizer showing a modification of Fig. 7.

[FIG. 10] Fig. 10 is a sectional view showing a
conventional structure cf a seawater desulfurizer.
Explanation of Reference 3igns:

[0013]

1A, 1B, 1C, 1D, and 1lE: seawater desulfurizer

2: desulfurization tower

6: used seawater outlet

7: beiler-exhaust-gas supply port

9: seawater oxidation treatment system (SOTS)

10: barrier walls

20, 20A, 20B, 30, and 30A: impact-force damping device
{damping device)

31: funnel porticn



[ 0014] An enbodi nent of an exhaust gas desul furizer according to the
present invention will now be described with-reference to the drawings. A
desul furi zation tower 2 of a seawater desulfurizer 1A shown in Fig. 1 is a
device for renoving, using a seawater nethod, sulfur oxides (SOx), such as
sul fur dioxide (502), contained in cobbustion exhaust gas (hereinafter
referred to as "boiler exhaust gas") discharged froma boiler, for

exanpl e, of a:el especc-poner pkaertviuspngletdal , crude oil, or the |like as
fuel, before discharging the boiler exhaust gas into the atnosphere. The
seawat er desuF.ur pbzenekAcgapheyi ng this desul furization system called the
seawat er net hod, uses seawater as an absorbent. [0015] The seawater

desul furizer JJA showm i,arLhe dranengohereygs sul fur oxides by causing
gas-liquid contact 1n a wet system “using seawater as an absorbent, by

suppl yi ng seawater and boiler exhaust gas to the inside of the
desul furization tower 2 which has a substantially cylindrical shape and
which is 12 wvertically disposed. The seawater supplied to the
desul furi zation t ove?s® ¥edei Sehar gty Porcah BRper EChTioh in the
desul furization tower 2 and thereby freely falls in the interior. On the
ot her hand, tH®Idi | er exhaust gas is introduced into the desul furization
tower 2 froma | ower

An embodiment of an exhaust gas desulfurizer according to

the present invention will now be described with reference to
the drawings.

A desulfurization tower 2 of a seawater desulfurizer 1A
shown in Fig. 1 is a device for removing, using a seawater
method, sulfur oxides (80x), such as sulfur dioxide (S02),
contained in combustion exhaust gas (hereilnafter referred to
as "boiler exhaust gas") discharged from a boiler, for
example, of an electric power plant using coal, crude oil, or
the like as fuel, before discharging the boiler exhaust gas
into the atmosphere. The seawater desulfurizer 1A employing
this desulfurization system, called the seawater method, uses
seawater as an absorbent.

[0015]

The seawater desulfurizer 1A shown in the drawing removes
sulfur oxides by causing gas-ligquid contact in a wet system,
using seawater as an absorbent, by supplying seawater and
boiler exhaust gas to the inside of the desulfurization tower

2 which has a substantially cylindrical shape and which is



portion and rises up in the desul furization tower 2. The desul furization
tower 2 includes a plurality of perforated panels 3 arranged at
predetermned intervals in the vertical direction in the inside thereof.
These perforated panels 3 are perforated plates not having weirs or narrow
fl ow passages, and gas-liquid contactlbetween the falling seawater and
the rising boiler exhaust gas is brought about when they pass through a

| ar ge nurdaeri ] lholdispbgrdvi dee iseathée crpecberlakdd tpanéks 3. This type of
seawat er spraying nmethod is called, for exanple, "a |l eaking plate systent

or the ldde1 £O01E]1 othatowsss 2 hies perdeiat el parsh B8 Jppet imrasom et
. system Dby causing gas-liquid contact of the seawater (absorbent)

i ntroducafl, Vi f AEAWAHENsS URRIH NI P ke Al thedo) el 1 &xaudte gas
i ntroduced froma boiler exhaust gas supply port 7. By causing this

gas-| i qui d contact o sybLun g dgs i the Doler cexhaust gas are absorbed

by the sea er functioni ng as ~an dbsorbent “sol ution and areée renoved. The
seamater,functioq%nq}as n %fsorb nt.is jntroduceqzt t he upper portion of
Uhe desUHTUrIGT b HGudri 9T DUGH a5t O et or SUBPH i i i pe. 5. Thi s
seawater is discharged froma [|arge nunber of seawater nozzles 5a
appr oxi ree et yorurATbridses aiy akydd e ries pl anel 2atHen JppErT portion of the
desul furization tower 2 toward the perforated panels 3 disposed at the
| ower porti dthd¢ hbrsoffurfzarighetges: |3 guicl wdes aztpachi evied bf
perforated panels 3 arranged at predetermined intervals in the
vertical direction in the inside thereof. These perforated
panels 3 are perforated plates not having weirs or narrow flow
passages, and gas-liquid contact between the falling seawater
and the rising boiler exhaust gas is brought about when they
pass through a large number of holes 4 provided in the
perforated panels 3. This type of seawater spraying method is
called, for example, “a leaking plate system” or the like.
[0016]
That is, the perforated panels 3 function as a wet system
by causing gas-liquid contact of the seawater (absorbent)
introduced via a seawater-supplying pipe 5 and the boiler
exhaust gas intrecduced from a boiler exhaust gas supply port
7. By causing this gas-liguid contact, sulfur oxides in the
boiler exhaust gas are absorbed by the seawater functioning as
an absorbent solution and are removed.

The scawater functioning as an absorbent is introduced to

the upper portion of the desulfurization tower 2 through a



passi ng through the perforated panels 3, in other words, after
desul furi zati on by absorbing and renoving sul fur oxides in the boiler
~exhaust gas, this seawater beconmes used seawater and directly falls froma
used seawater outlet 6 formed at a bottomface portion of the

desul furization tower 2 onto the seawhBer surface of the diluting seawater
flowwng in a seawater oxidation treatnent system (SOTIS) 9, descri bed
Clater, sowbdtsemsagblandigidiped + hdhdisn seBwetleal ller déxltheggegadrom a

desul furized by neans of the gas-liquid contact is discharged outside the
desul f uriazatd arurmosverof romveathot |rerz EXdausd - gasr oexitsty patif & oy ned at
-the upper portion of the desulfurization tower 2. [0017] |In order to

dilute the Mspd seawaterausetd as, anb@bs grdenion | & thee dasulf i Zadd o t ower

2, the above-described seawater desulfurizer 1A is provided above the

seaval er, Gy o .00 10 S SYSLAM LaNere § 18 Sl L4 g, Sapel s | ove.

Speci fica I n the desul ffurization tower provi In suc a nmanner as
to extend over the se ter., oxi dation treat ment ystem 9, because the used
Soauat o TE WA S ehe O SR SO ISR LA T GST LR r ect |y
above the seawater oxidation treatment system 9, the used seawater falling
from t RSB FRATER I8 REFETVRG RHE SUrd ack Ptade whiditd mfter

seawater is mxed and diluted by the diluting seawater and becones dil uted
used sealwawrfumigat din lredhseh seawa@rrgmoving sulfur oxides in the

boiler exhaust gas, this seawater becomes used seawater and
directly falls from a used seawater outlet 6 formed at a
bottom face portion of the desulfurization tower 2 onto the
seawater surface of the diluting seawater fiowing in a
seawater oxidation treatment system (S0TS) ¢, described later,
and is mixed and diluted therein. The boiler exhaust gas
desulfurized by means of the gas-liquid contact is discharged
outside the desulfurization tower from a boiler-exhaust-gas
exhaust port 8 formed at the upper portion of the
@esulfurization tower 2.

[0017]

In order to dilute the used seawater used as an absorbent
in the desulfurization tower 2, the above-described seawater
desulfurizer 1A is provided above the seawater oxidation
treatment system 9 where the diluting seawater flows.
Specifically, in the desulfurization tower 2 provided in such
a manner as to extend over the seawater oxidation treatment

system 9, because the used seawater outlet 6 formed at the



subjected to treatnment, for exanple, decarbonation (aeration)
while flowng froma position where the seawater desul furizer

and so forth
lAis

provi ded, through the seawater oxidation treatnent system9 at the
downstream si de. The seawater oxidation treatnment system 9, through which

t he used seawater flows, is provided wéh gas-sealing barrier

wal I's 10

extending into the diluting seawater for preventing the boiler exhaust gas
in the deswdd yrdzataroni 4 qwesit2idreoind fiewii g abwee tthee sesawvatterr oxi dati on
treatment system 9. The portion below the used seawater outlet 6 is thus
seal ed hykideidarddertmeld sk and t hehs aaved eseswfacesathiareffore the
. boi |l er exhaust gas supplied to the desulfurization tower 2 does not |eak

to the emy ysSPacsf o/ded,abanst he seavatisr sgirface # ndheyspavater

oxidation treatnment system9. [0018] First Enbodi ment A first

of a0 | Masiad of o, GRIRLNG, eV Oy dhat el nial tery L BI ST, L0, A%, flanpi ng

devi ce")” accor di ng e present invention w

enbodi nent

f to Figs. 1 6. 15 As sh i.n Fj.g. .1, . inside th .
bove. ARRGTHRY DU DDt 2 H S STEER SO RS Cadpi ng an

i npact force, which is generated when the used seawater falls

down and

pl unges $HIBEE R skaviat et ackopfetHP b 1 WS TRyt el er {292 YUV ded at

t he position bel ow an openi ng t hat

and so forth while flowing from a position where the seawater

desulfurizer 1A is provided, through the seawater oxidation

treatment system 9 at the downstream side.

The seawater oxidation treatment system 9, through which

the used seawater flows, is provided with gas-sealing barrier

walls 10 extending into the diluting seawater for preventing

the boiler exhaust gas in the desulfurization tower 2 from

flowing into the seawater oxidation treatment system 9.

The

portion below the used seawater outlet © is thus sealed by the

barrier walls 10 and the seawater surface; therefore, the

boiler exhaust gas supplied to the desulfurization tower 2

does not leak to the empty space formed above the seawater

surface in the seawater oxidation treatment system 9.
[0018]

First Embodiment

A first embodiment of an impact-force damping device

(hereinafter, referred to as “damping device”) according to

the present invention will be described below with reference

to Figs. 1 to 6.



communi cates with a boil er exhaust gas supply port 7. This danping device
20 is securely supported by the desulfurization tower 2 at a position
bel ow the inflow position of the boiler exhaust gas, as well as at the
~position above the surface of the diluting seawater flowing in the
seawat er oxidation treatnment system 9151 n addition, the danping device 20
is provided in such a manner as to cover the entire region where the used
seawat er out lZst shawe: fior rtidy. Becauselddhehus eth seawit err fiieaii ng down t owar d
the seawater surface of the diluting seawater contacts or passes through

t he danmpiaddew icent2n itowl s per sesddieiifd avewicd ey ftsedisgawat efn or t he
-flow nmass to reduce the flow velocity in the plunging direction into the

seawat er; gl d1ace;Qfe t Rghi di W i ugh seaval efhert Nuse degs@asi Neh @ Penetirat i on

force of the wused seawater plunging into the seawater surface. [0019] The

For med i L & B (i e ol AP G P DA o,

formed in suc at” the use seawat er can pass ugh. For

exanple, a flat plate- shape ri,d 21 can be us for the grid-shaped
oot TG Lt Ut A w1 R Lo R 5 ST Ay ori d
21 shown in Fig. 4, or as shown in Fig. 5 a nulti-layered structure in
whi ch a GIRHENFEST Wil 20 e \RrRd sl 192 sTaeked, Posly Al sdEé used. In

addition, when using the |layered structure, it is preferable to stack the
| ayer ed dgniping device 20 is securely supported by the desulfurization

tower 2 at a position below the inflow position of the boiler
exhaust gas, as well as at the position above the surface of
the diluting seawater flowing in the seawater oxidaticen
treatment system 9. 1In addition, the damping device 20 is
provided in such a manner as to cover the entire region where
the used seawater outlet 6 is formed.

Because the used seawater flowing down toward the
seawater surface of the dilutiﬁg seawater contacts or passes
through the damping device 20, it dispérses the flow of the
used seawater or the flow mass to reduce the flow velocity in
the plunging direction into the seawater surface of the
diluting seawater, thus decreasing a penetration force of the
used seawater plunging into the seawater surface. |

[0019]

The damping device 20 shown in Fig. 1 is, for example, a
grid-shaped member formed in such a manner that the used
seawater can pass therethrough. For example, a flat plate-

shaped grid 21 can be used for the grid-shaped member in this



21 so that openings 2la thereof are staggered. In addition, as a
nodi fi cation of the grid-shaped nenber, for exanple, as shown in Fig. 6, a
perforated plate 22, in which a | arge nunber of pores 22a are provided in
a circular plate, my be used. Wen using this type of perforated plate
22, a single-layered or a nmulti-layeretéostructure can be used. In
addition, when using the nulti-layered structure, it is preferable to
stack thedeayeredhpent dratledypl st esn®@2 soAt bangipoleye22d grédstagger ed.

[ 0020] By providing such a danpi ng device 20, the used seawater falling
down i n dtherrdesulfi i zat ican d0Wefowh piasseisy t e oughmiite - griad-shaped nenber,
such as the grid 21 or the perforated plate 22. At this tine, since the

used seawal gl Passes wiiOugh e 10R8NI Ny 2es of1 the grd.d a2k 10ry the pores
22a of the perforated plate 22, the flow{flow mass) thereof 1S

di sper sel o Ay 2 IPSAUe 058 ds. generatad by a shannel . eglst ance,

caused by a annél™ béi ng narrowed by the ~“openings Ta and the
pores 22a. Accordingly, the used seawater falling . fraomthe desulfurjzation
Pover 2 B The T Hatacdr Sur R G T e 1 o T Ao its
penetration force on the seawater surface due to dispersion of the flow or
a reductdlorfq FatowRAs g v Ipefidier st uihF 13T T%he dil uti ng seawat er.

Therefore, turbul ence generated at the surface of the diluting seawater is
reduced bel ovirnt eldjggicbn, as a modification of the grid-shaped member,

for example, as shown in Fig. 6, a perforated plate 22, in
which a large number of pores 22a are provided in a circular
plate, may be used. When using this type of perforated plate
22, a single-layered or a multi—layerea structure can be used.
In addition, when using the multi-layered structure, it is
preferable to stack the layered perforated plates 22 so that
pores 22a are staggered.

[0020]

By providing such a damping device 20, the used seawater
falling down in the desulfurization tower 2 passes through the
grid-shaped member, such as the grid 21 or the perforated
plate 22. At this time, since the used seawater passes
through the openings 21a of the grid 21 or the pores 22a of
the perforated plate 22, the flow (flow mass) thereof is
dispersed, and a pressure loss 1s generated by a channel
resistance, caused by a falling channel being narrowed by the
openings 2la and the pores 22a. Accordingly, the used

seawater falling from the desulfurization tower 2 onto the



‘'seawater outlet 6, thus preventing or reducing entrainment of the boiler
exhaust gas in the desulfurization tower 2 in the diluting seawater.
Besides the grid 21 or the perforated plate 22, it is also possible to
use, for exanple, a grating (not shown) for the grid-shaped nenber
constituting the danpi ng device 20. [D021] Wth a seawater desul furizer 1B
of a first nodification shown in Fig. 2, a danping device 20A having

ef fecti vedawadtteer sanmoordi guratd ohtasng heeabover destuddeditdanpi ng devi ce
20 is provided in the diluting seawater flowing in the seawater oxidation
treat merndersytstem¢h e danpititge deyvdwer 20Aurrdde ducase dsspecinel o
supported by the barrier walls 10 extending into the diluting seawater in

such a maer@s 40 £ovefudtiton et | 8 6gh i Bnglasesk- by, 1ihe; By riffo wal | s
10. In addition, the danping device 20A shown in the figure has a certain

Thi ck ot verti : . . : e N {0
subst antisl 5 1R B et o TRt oukr BgE e Bz a3 el s
10; h it ot |imted thereto. In other r sui tabl e

ol 11 TR A B ettt L G101 HOIC o b Hharthgl e gri d
21 to function as the danping device 20A, it can be placed at

subst ant32AY3F T SERE poitio P ERYV I Hel % afat B ISt ora WIeRidd 9t t he

seawat er at an appropriate depth. [0022]
the boiler exhaust gas in the desulfurization tower 2 in the

diluting seawater.

Besides the grid 21 or the perforated plate 22, it is
also possible to use, for example, a grating (not shown) for
the grid-shaped member constituting the damping device 20.

[0021]

With a seawater desulfurizer 1B of a first modification
shown in Fig. 2, a damping device 20A having effectively the
same configuration as the above-described damping device 20 is
provided in the diluting seawater flowing in the seawater
oxidation treatment system 9. The damping device 20A in this
case 1s securely supported by the barrier walls 10 extending
into the diluting seawater in such a manner as o cover the
entire région enclosed by the barrier walls 10. In addition,
the damping device 20A shown in the figure has a certain
thickness in the vertical direction and is provided in the
seawatér to substantially the same depth as that of lower ends
of the barrier walls 10; however, it is not limited thereto.

In other words, suitable modifications can be made; for



After the used seawater plunges into the diluting seawater, the danping
devi ce 20A having the above-described structure can also reduce the
penetration force of the used seawater plunging into the seawater surface
by dispersing the flow (seawater mass) of the used seawater falling from
the desulfurization tower 2 onto the §8awater surface of the diluting
seawater or reducing the flow velocity in the direction plunging into the
di | uti ngesseawat ,ertheSparidvichirg ,theetiausies tdwel datipitng devdtcier2G¥% rdduces
the penetration force on the seawater surface by dispersing the flow of

t he usediargeawptidiviofe riEdyciing ddre Hd aw awddcit ysudweraeafia 1y MHencane
generated at the surface of the diluting seawater in the region enclosed

by the hardieronald sHd desapduced; belaw 4he, ) lsed seaval efeQiid st £

Accordingly, the seawater desulfurizer 1B having the danpi ng device 20A

can preﬂﬂﬂﬁggrogfﬂyﬁ§éﬁghﬁ?i”"E”t of the boiler exhaust gas in the

desul furi1zation tower nthe diluting seawater. [0023] Wth a seawater
desul furi zer é? ccording to a second nodification shown Fig. 3, a danping
- device 20B ha 19 effectively the same configuration as the
above-descri bed danping device 20A is disposed in the seawater in such a
manner that theSHeigHt 1RG eiavyat SURTHATRI 132 Hd' S fiel Hsi "G he dept h of
the diluting seawater flowing in the seawater oxidation treatnment system
9. The dmwpianpuevilce ROBiny tddwice 20A having the above-described

structure can also reduce the penetration force of the used
seawater plunging into the seawater surface by dispersing the
filow (Seawater mass) of the used seawater falling from the
desulfurization tower 2 onto the seawater surface of the
diluting seawater or reducing the flow velocity in the
direction plunging into the diluting seawater. Specifically,
because the damping device 20A reduces the penetration force
on the seawater surface by dispersing the flow of the used
seawater or reducing the flow velocity thereof, turbulence
generated at the surface of the diluting seawater in the
region enclosed by the barrier walls 10 is reduced below the
used seawater outlet 6. Accordingly, the seawater
desulfurizer 1B having the damping device 20A can prevent or
reduce entrainment of the boiler exhaust gas in the
desulfurization tower 2 in the diluting seawater.

[0023]

With & seawater desulfurizer 1C according to a secocond

modification shown Fig. 3, a damping device 20B having



case is securely supported by the barrier walls 10 extending in the
diluting seawater and covers the entire region enclosed by the barrier
wal I s 10. The danpi ng devi ce 20B havi ng the above-described structure can
al so reduce the penetration force on the seawater surface by dispersing
the flow of the used seawater or reducliBg the flow velocity thereof after
the used seawater plunges into the diluting seawater; therefore,

t ur bul ereefegerier gt ethatsdne cenfiaperafidheasli the | agosealet@rilkadt he

region enclosed by the barrier walls 10 is reduced bel ow the used seawater
out | et Glarfieicor gl de 2010 SeanedEisedesul fi | geiwd€s havi ngndhea danpi ng
~device 20B can prevent or reduce entrainnment of the boiler exhaust gas in

the despdfidi zatd O OWRE S hi Nchdies OF | 14 | g seavet 11y (8024 and hes danpi ng
devi ces 20, 20A, and 20B descri bed above are provided above or bel ow the

surface t [l uti S i i h eg¥a% i [.on
treatneﬁ%kéfgggﬁiég%lggéaéﬁ%ﬁﬁ#ﬁ%ﬁé%%ﬁ%{%knﬁ% ¥£&§in t %gcégéégﬁffnt i's
possi ble to, provide connected danping.devices .or djfferent types, af 20
danpi ng FEAEEC TP ABBYE: aneP T { e i, AT GNE Flomie
vi ewpoi nt of efficiently reducing turbulence at the seawater surface, the
regi on i Th theSedaming et Joy Hoa Pare 2oB'ebverl( sSpret@tebly the
entire region of the used seawater outlet 6 of the

in the diluting seawater and covers the entire region enclosed

by the barrier walls 10.

The damping device 20B having the above-described
structure can also reduce the penetration force on the
seawater surface by dispersing the flow of the used seawater
or reducing the flilow velocity thereof after the used seawater
plunges into the diluting seawater; therefore, turbulence
generated at the surface of the diluting seawater in the
region enclosed by the barrier walls 10 is reduced below the
used seawater outlet 6. Accordingly, the seawater
desulfurizer 1C having the damping device 20B can prevent or
reduce entrainment of the boiler exhaust gas in the
desulfurization tower 2 in the diluting seawater.

[0024]

The damping devices 20, 20A, and 20B described above are
provided above or below the surface of the diluting seawater
flowing in the seawater oxidaticn treatment system 9. In a
modification, not shown in the drawing, it is possikle to

provide connected damping devices or different types of



desul furization tower 2, if it is above the seawater, or the region
surrounded by the barrier walls 10, if it is in the seawater; however, it
is not limted thereto. [0025] Second Enbodi nent Next, a second enbodi nent
of the dampi ng device according to the present invention will be

descri bed. Regarding the structure of2@he seawater desul furizer and the
danpi ng device, conponents that are the sane as those according to the
above- desgrirhedicantbee rerth arkewas sArgheith tie ssemvatefrer ence nuneral s, and
a detailed description thereof will be omtted. A seawater desul furizer 1D
shown in Fig.1v ddcldides, faam @xanplepasntshoswef i dHaht 18 Bedlanpigg
.device 30 having a funnel with an inpact-force receiving plate. The

danpi ng + dgyiee 30 havwing dds, Jinnely Mdde t hed rpactsf angeeracgi ving  plate
includes a funnel portion 31 and an inpact-force Teceiving plate 32.

[0026] The funnel porti | S |0 ret tion of the
desul furcliazmap%lin& eo%cre% %g’l ?v?%’hea%ucgggdd%eé;ov%%%rlszl eojﬁét)lltate}tsjlr% 1?rgerfor nmed in a
f unnel shatp,e. Specifically, the funnel portion 31 in.this case is forned
in such W eI 1atC (HE BhiTdriiTFioh BET oW the st seawat er outlet 6
narrows and includes a bottomface 2a that is an inclined surface

i ncl i ni e ovinier 2k Fraom tOWr odgels b 5 RPER | Shofseguater, or the

region surrounded by the barrier walls 10, if it is in the
seawater; however, it is not limited thezxeto.

[0025]

Second Embodiment

Next, a second embodiment of the damping device according
to the present invention will be described. Regarding the
structure of the seawater desulfurizer and the damping device,
components that are the same as those according to the above-
described embodiment are assigned the same reference numerals,
and a detailed description thereof will be omitted.

A seawater desulfurizer 1D shown in Fig. 7 includes, for
example, as shown in Fig. 8, a damping device 30 having a
funnel with an impact-force receiving plate. The damping
device 30 having the funnel with the impact-force receiving
plate includes a funnel portioﬁ 31 and an impact-force
receiving plate 32.

[0026]

The funnel portion 31 is a portion where the bottom

portion of the desulfurization tower 2 below the used seawater



desul furization tower 2 toward the center portion; and an outlet channel
33 that opens at the central axis side of the desulfurization tower 2
where the bottom face 2a of the inclined surface is |lowest. In addition,

it is preferable that the inclined surface of the bottomface 2a be
gradually inclined, fromthe viewointlof reducing the flow velocity

fl owi ng dowmn. The outl et channel 33 of the funnel portion 31 is a

cyl i ndricasllechanned fextrenrtdiing 4 Munrtdle dhdpd i n§pseawaterl lyThéhei npact -f orce
receiving plate 32, which is circular plate- shaped with an area | arger

than t hatyofe1 heapeH g ofa tthel s addeti chadmeld 3% disciprovigdect abhowa t he
~outlet channel 33 in such a manner as to be substantially aligned with the

central - axij5,fiogl th Pt ; i 1dPaGts fiLe Jo60IMd NG Pl Al B2 LanyProvi de a
gap, which becones ‘a channel for the used seawater, between itself and the

bottom face 28 And 259,08 SHoRold e iy, oL Srafbl ey alddy of

supporti neﬁ%%%§*?not shown)™ ™ pr ovi Ke bottfomface Za o that the

i npact-force recejvin ate 32 is securely supported at pasition | ower
t han thé%ﬁ#@ﬂ%éﬂﬂgg@%s&% ‘S)’“ep%reiélg?est hQa](iS %p]rf%o C?%et boi | er
exhaustég?s. 0027] By providing the above-descri bed danpi ng device 30,
the us g Figh ity dowh §aratd e e R8N bWt 2ol | i des

with the inpact-force receiving plate 32 at the
outlet channel 33 that opens at the central axis side of the

desulfurization tower 2 where the bottom face Za of the
inclined surface is lowest. In addition, it is preferable
that the inclined surface of the bottom face 2a be gradually
inclined, from the viewpoint of reducing the flow velocity
flowing down.

The outlet channel 33 of the funnel portion 31 is a
cylindrical channel extending into the diluting seawater. The
impact-force receiving plate 32, which is circular plate-
shaped with an area larger than that of the opening of the
outlet channel 33, is provided above the outlet channel 33 in
such a manner as to be substantially aligned with the central-
axis position. This impact-force receiving plate 32 can
provide a gap, which becomes a channel for the used seawater,
between itself and the bottom face 2z and alsoc is supported
by, for example, a plurality of supporting members (not shown)
provided on the bottom face 2a so that the impact-force
receiving plate 32 i1s securely supported at a position lower

than the boiler-exhaust-gas supply port 7 that intrcduces the



center area and collides with the bottomface 2a around the

circunferential area. In this way, the used seawater falling at the center
area loses its falling velocity due to the inpact-force receiving plate
32, changes its flowing direction, and is guided by an upper surface of
the inpact-force receiving plate 32 to2Zlow in the circunferential
direction thereof, thus falling dowm fromthe edge of the inpact-force
‘recei vi ngigleat @:32usonwayas . t he bottom face 2a. The falling velocity at this
time is significantly |ower than that when falling to the inpact-force
recei ving platez32. In addition, the used seawater falling around the
.circunferential area substantially loses its falling velocity due to the

i ncli ned Surfgegpgn%‘v t PUHOMI ARE R CHAND Parid 1S fdeW g 3h F agld on, and

flows toward thé outlet channel 33 while conbining wth the used seawater

falling Lromddg. apactrfarsedaesiving plake 42 Hha dd axagl oty in

e used seawater is approxi mately

uniformy dispersed.in the circunferential . directiaon ound an inl et
por t 1 on GILUHES LT dHariilia Gig LItk & F S G Bt P 14 Gne 2l tnd the

relatively gradually inclined surface. [0028] Because nost of the used
seawat ercriici mysutand ciathdeputitdt drmadeites fare Ma aRgFhITte al ong
the wall surface of

circumferential area.

In this way, the used seawater falling at the center area
loses its falling velocity due to the impact-force receiving
plate 32, changes its flowing direction, and is guided by an
upper surface of the impact-force receiving plate 32 to flow
in the circumferential direction thereof, thus falling down
from the edge of the impact-force receiving plate 32 toward
the bottom face 2a. The falling velocity at this time is
significantly lower than that when falling to the impact-force
receiving plate 32.

In addition, the used seawater falling around the
circumferential area substantially loses its falling velocity
due to the inclined surface of the bottom face 2Z2a, changes its
flowing direction, and flows toward the outlet channel 33
while combining with the used seawater falling from the
impact-force receiving plate 32. The flow velocity in this
case is relatively small because the used seawater is
approximately uniformly dispersed in the circumferential

direction arcund an inlet portion of the outlet channel 33 and



the outl et channel 33, the penetration force of the used seawater plunging
into the seawater surface of the diluting seawater is reduced.

Accordi ngly, the used seawater that is mxed and diluted with the diluting
‘seawater is relatively snoothly conbined in the outlet channel 33 whose
end is in the diluting seawater, thusZ® nim zing the turbul ence generated
at the surface of the diluting seawater where the used seawater is

conbi neduorheref afleywd hel epwaterr desulfery zeradhil i includiinged he danpi ng
device 30 can prevent or reduce entrainnment of the boiler exhaust gas in
the desWfrgdZation tower 2 in the diluting seawater. [0029] A seawater
desul furizer 1E of a nodification shown in Fig. 9 includes, at the outlet
channel 33 in dqgaa]seawater, a danping device 30A which differs in that it
has a hori zon[ta channel portion 34 whose used seawater outlet 34a is bent

towards the stream side of the diluting se , , 1t is
configured st#é "3 At Htlcf'usgc uosge %eea%?&lersﬁ%ﬂabteeag\@%o%‘fln% O:/th{]ﬁf]i%%m%%suti ng
seawat er flows qut into the eawat er inst.the flow of the diluting
seawat ercULEt |gnannel wiy 11 dribiut et %8]315%1%9 rHIE WA Yo bt a‘%Pt he
seawater as a result of conbining the flow of the diluting seawater with
t he used-meandtlest et brys, viHen PROIGHE BHN TR it tHe WY seawat er
and the diluting seawater, a superior mxing state, in which the entire
m Xi ng rsgawatesr plunging inte the seawater surface of the diluting

seawater is reduced. Accordingly, the used seawater that is
mixed and diluted with the diluting seawater is relatively
smoothly combined in the outlet channel 33 whose end is in the
diluting seawater, thus minimizing the turbuience generated at
the surface of the diluting seawater where the used seawater
is combined. Therefore, the seawater desulfurizer 1D
including the damping device 30 can prevent or reduce
entrainment of the boiler exhaust gas in the desuifurization
tower 2 in the diluting seawater.

[0029]

A seawater desulfurizer 1E of a modification shown in
Fig. 9 includes, at the outlet channel 33 in the seawater, a
damping device 30A which differs in that it has a horizontal
channel portion 34 whose used seawater outlet 34a is bent
towards the upstream side of the diluting seawater. In other
words, it is configured such that the used seawater to be
combined with the diluting seawater flows out into the

seawater against the flow of the diluting seawater.



substantially uniform can be efficiently achieved while flow ng through
the relatively short channel of the seawater oxidation treatnent system9.
In addition, the seawater desul furizer 1E including the danping device 30A
is the sane as those seawater desulfurizers described above in that it can
al so prevent or reduce entrai nment of £he boiler exhaust gas in the

desul furization tower 2 in the diluting seawater. [0030] According to the
present i nventn orhidescay,bedidbhove;cevmirh mxiswliahel o |ganewpttde at

desul furi zed used seawater by making it fall fromthe desul furization

tower 2 dyy osddimttid Wd ng rSoawater donid el seaved ef 1 oxidatiton dieatirent
system 9, the wused seawater falling fromthe desul furization tower 2

passes ggg@@k%%g | Ng JeVd £6,20: O R dddefie,t RBNSf HiSinlgh@nd

penetration torce of the used seawater plunging into the diluting seawater

i s reduced. .Accordi ngl it i 0sS] r e entrai nment
of the ccgirjr]b%ts ril%ntq&%é%% Sgeaas"??%]?t Igé g%%%l?ﬁ%%ﬁ o%a%%fvxg%ﬁz %n the flow
of the used seawater. Because the boiler exhaust gas entrained in the

di | uti ng®UREaRE dM Y S ged? gt nere it E R F oW of 2t He i 1 uting 25
seawater, by flow ng through the seawater oxidation treatnent system?9, it
i s possiPilesfantidel e xatst ryascae st fekf rekeroly ppevidied Heh 1 gakage of the
boi | er exhaust gas fromthe desulfurization tower 2 to the surrounding
area. | nflhtwierg worasgh witdy tdbaexhalgt siyast delsamfielk | certhusi sepwdeeseanat er

oxidation treatment system 9. In additicn, the seawater
desulfurizer 1E including the damping device 30A is the same
as those secawater desulfurizers described above in that it can
also prevent or reduce entrainment of the boiler exhaust gas
in the desulfurization tower 2 in the diluting seawater.

[0030]

According to the present invention described aboye, when
mixing and diluting the desulfurized used seawater by making
it fall from the desulfurization tower 2 into the diluting
seawater in the seawater oxidation treatment system 9, the
used seawater falling from the desulfurization tower 2 passes
through the damping device 20 or the like; therefore, the
penetration force of the used seawater plunging into the
diluting seawater is reduced. Accordingly, it is possible to
prevent or reduce entrainment cof the combustion exhaust gas in
the desulfurization tower 2 in fhe flow of the used seawater.
Because the boiler exhaust gas entrained in the diluting

seawater 1s discharged, together with the flow of the diluting



met hod, in which the desul furized used seawater is treated by being nmade
to fall into the diluting seawater, the penetration force of the used
seawat er i s reduced, thus reducing the turbul ence generated at the surface
of the diluting seawater. Accordingly, it is possible to prevent or reduce
entrai nment of the conmbustion exhaustZ2gas generated when the used seawater
pl unges into the seawater surface of the diluting seawater, thus

prevent isagwdted,edkade cofirtchethmidgdr xhasstwagaes: awigiade ort Hgreatment

desul furization tower 2. [0031] In each of the enbodi nents and

nodi fi catjsansn of, tihe i Sqamalien desid fund zamdascrdediahovinrider Ieaki ng
pl at e systen1|s used as the seawater spray system of the seawater

desul f urd.z&fe M M Gt foe idad I e cardd et Qs bironfaysd Ng gas-1iquid
cont act "between the seawat er flomnng down fromthe upper portion of the

desul fu zat| n t0\/1\éelo es&dﬁgt&et usédrogwo% Ig§a§ rlﬁll ng Lup fromthe

| ower urizati on towe ) t he present

|nvent|on IS not t ed thereto al so be ap dto a seawat er
deaﬂme%@Smﬁ%ﬁllgﬁ 6%%%&? Fef® ﬁh S Etem or a
subner gi ng system The danpl deV|ce described in the flrst and the second
enbomlnmﬂkbﬁhnJdl§6U5@wﬁﬂﬁ|é%ﬁ%&f%ﬁﬂ%ﬁﬁﬂ%ﬁﬁ@eﬁ%ﬂ%ﬁ?ﬁﬁﬂﬁﬁuﬁﬁ?a

enbodi ments, besides using it as a single device, described above.
being made to fall into the diluting seawater, the penetration

force of the used seawater 1s reduced, thus reducing the
turbulence generated at the surface of the diluting seawater.
Accordingly, it is possible to prevent or reduce entrainment
of the combustion exhaust gas generated when the used seawater
plunges into the seawater surface of the diluting seawater,
thus preventing the leakage of the boiler exhaust gas outside
the desulfurization tower 2.

[0031]

In each of the embodiments and modifications of the
seawater desulfurizer described above, the leaking plate
system is used as the seawater spray system of the seawater
desulfurizer in which desulfurization is carried out by
causing gas-liquid contact between the seawater flowing down
from the upper portion of the desulfurization tower 2 and the
combustion exhaust gas rising up from the lower portion of the
desulfurization tower 2. However, the present invention is
not limited thereto. It can also be applied toc a seawater

desulfurizer using, for example, a packing system, a spray



[0032] In the second enbodi ment descri bed above, the outlet channel 33 has
a length allowing it to reach into the seawater. However, because the
falling speed of the used seawater plunging into the diluting seawater
considerably decreases, the length of the outlet channel 33 may be
shortened to an appropriate position above the seawater, or the outlet
channel 33 may not be provided at all. In addition, when the outlet

channel s33tdesn,shar tzenetbmergilmen siytst<ams not provided at all, the grid-shaped
danpi ng device 20 may al so be combi ned. The present invention is not

restricted t gHharpbedigeentcs desudiied abpvee Suidsablaaradid iseatongns can
be nmade so long as they do not depart fromthe spirit of the present

i nvent i %bo\?ﬂ%mfh le S"\%nl'al% ehaustis QRS Ao fa‘ﬂﬂr&ﬁfriea”ﬂél%’id&\&rﬁg@wat er

met hod in furization is conducted by causing gas-1iqu

cont act .between seawater fall.i fromth r r i 0 ,

desul fwblog"gt i &\Rn/grntésﬁd béeos CPu%t ion ¢ hlgcu;éfsogaasﬁﬁgts%eng%eﬁ)& -fromthe | owner
portion of the desul furization tower, wherein used seawater after

desul f udeSA5GESF @39S rom the desul furization tower into diluting
seawater flowng in a seawater oxidation treatnent systemand is m xed and
diluted therld#d3H, and an inpact-force danpi ng device for danping an

In the second embodiment described above, the outlet
channel 33 has a length allowing it to reach into the
seawater. However, because the falling speed of the used
seawater plunging into the diluting seawater considerably
decreases, the length of the outlet channel 33 may be
shortened to an appropriate position above the seawater, or
the outlet channel 33 may not be provided at all. In
addition, when the outlet channel 33 is shortened or when it
is ﬁot provided at all, the grid-shaped damping device 20 may
also be combined.

The present invention is not restricted to the
embodiments described above. Suitable modifications can be
made so long as they do not depart from the spirit of the

present invention.



i npact force, which is generated when the used seawater falls down and
plunges into the diluting seawater, is provided at a position below an
i nfl ow position of the conbustion exhaust gas in the desulfurization
tower. 2. An exhaust gas desul furizer according to Claim1l, wherein the
i npact-force danping device is a grid-Zhaped member provided above the
diluting seawater or therein. 3. An exhaust gas desul furizer according to
Caim1l, wherein the inpact-force danpiMgy device is a funnel with an
i mpact- force receiving plate.
1. An exhaust gas desulfurizer employing a seawater method in
which desulfurization is conducted by causing gas-liquid
contact between seawater falling from the upper portion of a
desulfurization tower and combustion exhaust gas rising up
from the lower portion of the desulfurization tower,
wherein used seawater after desulfurization falls from
the desulfurization tower into diluting seawater flowing in a
seawater oxidation treatment system and is mixed and diluted
therewith, and an impact-force damping device for damping an
impact force, which is generated when the used seawater falls
down and plunges into the diluting seawater, is provided at a

position below an inflow position of the combustion exhaust

gas in the desulfurization tower.

2. An exhaust gas desulfurizer according to Claim 1, wherein
the impact-force damping device is a grid-shaped member

provided above the diluting seawater or therein.

3. An exhaust gas desulfurizer according to Claim 1, wherein
the impact-force damping device is a funnel with an impact-

force receiving plate.



