SHI P FLUE GAS SCRUBBI NG APPARATUS AND METHOD Fi el d of the invention
[0001] This invention relates to a ship flue gas scrubbi ng apparat us
and scrubbing nethod, in which seawater is used to scrub and reduce
pol l utant di scharge, mainly sul fur dioxide, frommarine shipping. It
bel ongs to the technical fields of atnospheric environnental
protection and flue gas pollution prevention and control for the
mari ne shi pping. Description of related art [0002] I n the past 20

years, internatio | egislatio er ctio seous

pol | utants, nai nﬁlﬁﬁtﬁ%@w@ﬁ&@ai&mﬁém&ﬁ%@ lities of
em ssion-reduction industries are getting stricter and nore mature.

In recent years the targets of restriction have been extended from

| and- based industrial facilities to sea-based shipping. [0003] After

t he sul f wieidfbfaht fRek@AUCt i ON i ssue was brought out world widely, a
trend appeared soon to pay great attention the flue gas

desul phurj ion (EGD) technol ogies. with seawater. |n 2007 4.

Fesoar ch BB " IR BT RRSE T b Ron BB Eimal e 2y Bingeroo
wel | - known universities clearly expressed that: using the ocean

r esour ced), Whicl seaviise issisenir Srub and redeas politanhdissbaeeeitpigyi ST deries. ifom
in ships is again an expectation that people have been pursuing for a
| ong ti mmabitd siygsngd tbeb@gntorttatebechl figlQOORhbhedsanvireimEeg @rdiectio® and
the allied institution of Massachusetts Institute of

flue gas pollution prevention and control for the marine shipping.

Description of related art

[G002] In the past 20 years, international legislations about the reduction of gaseous
pollutants, mainly the sulfur dioxide, discharged from facilities of emission-reduction industries
are getting stricter and more mature. In recent years the targets of restriction have been extended
from land-based industrial facilities to sea-based shipping.

[0003] After the sulfur dioxide reduction issue was brought out world widely, a trend
appeared soon to pay great attention the flue gas desulphurization (FGD) technologies with
seawater. In 2007, a research report from an allied institution of four internationally well-known
universities clearly expressed that: using the ocean resources, i.e., the seawater, to realize the SO,
emission reduction in ships is again an expectation that people have been pursuing for a long time
but has not been realized.

[0004] The research report from the allied institution of Massachusetts Institute of




Technol ogy, University of Tokyo, Chal ners University of Technol ogy,
and Swi ss Federal Institute of Technology Zurich is entitled
"Seawat er scrubbing - reduction of SOx em ssions from shi p exhausts”
(I'SBN: 978-91-976534-1-1), and the research report concl uded that
"seawat er scrubbing is a prom sing technol ogy for reducing sulfur

oxi de em ssions fromships....wuld therefore require detail ed case
studying.... Further research would be needed to reach a concl usion".
[ 0005] Co reduction.in sed _c

red to the em.ssio . he | and- al-fi.red
ndust r1 Aptpdliet Pet@S o Rese CatFaa iy O Peibno)S o SRERERERY BRI
sea-based shipping with a flue gas tenperature as high as 200C to
490C' t hef Fenqlegycauish ngemitpdr ddavrates pradibingl yredwidn ioh SOKicpessivns fromeship
evaluated for its practicality, with nore enphasis on profitability.

That i s, ednbgstd’0tISBNE 0F8-901976434 - BEan@PRA I 8debhBh Mdpdrt REnildadi thiC adbtliter
| ower than the total cost saved by substituting | owsulfur fuels,
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[ 0006] Prior Art 1. a Chinese patent application No. 200710012371.1,
entitl edhefparetuire ddletrepifodufine. + Fariar ngsearthp WRHA DSt Reesf & a%Aak &r
scrubbi ng”, published on January 16, 2008. The technical solution is
that in enblbkibow fi ber menbrane contactor used as a scrubber, the
shi p exhaust after dust renoval pretreatnent is scrubbed with

seawat er contr : i : I i
nater QU P R o B A R ST L TR Pt e
records jn real ti the SO2 copcentration and water discharge .
qual i ty imnthe H@ab?‘bgfeé% &t tgﬂﬁfﬂ&ﬂ&@ﬁafaé)@?eda?fawe%mt1a|ﬂ§e B3 ASTIREFALyIe o high as
di scharge. There exist the follow ng problens: [0007]1) In the

t echni caR00S©kat90dn, , ghetFdi D pracdssibgappartvs spaeelly ospdac slops msst bsadivaed for its
realize the scrubbing function. However, the hollow fiber nmenbrane

can onl yph&lcehiath@ it fie cRphas8oh hAriaeRi. Thd: RMAE tRd bR of RIPFARIPPAIat Frust
used for processing flue gas discharged fromship engines with a

et o R L R o SO RRISPAI Py Fp o,
apparatus is not practical. A number of problems on profitability and efficiency in the prior art
have not been solved,

[0006] Prior Art 1: a Chinese patent application No. 200710012371.1, entitled “apparatus
and method for treating ship exhausts by seawater scrubbing”, published on January 16, 2008. The
technical solution is that in a hollow fiber membrane contactor used as a scrubber, the ship exhaust
after dust removal pretreatment is scrubbed with seawater. A conirol system composed of a SO,
consistency monitor, a water quality monitor and a PLC programming controller detects and

records in reai time the SO, concentration and water discharge quality in the processed ship

exhaust, and controls the water discharge. There exist the following problems:

R




menbrane contactor is used for scrubbing. If an additional booster
fan is installed, the operation cost and energy consunption woul d be
quite high. [0009] Prior Art 2: US Patent No. 7,056,367 issued on June
6, 2006, entitled "Method and apparatus for scrubbi ng gases, using

m xi ng vanes". This invention discloses a scrubber for exhaust gas
conposed of a series of nested counter-flow passages including a hot
pl enum havi ng a star-shaped section. The Exhaust gas fromthe hot

pl enum s t hr h,a liqgujd,bath d flows in a reverse direc

Phr ough: J997Rcl 1 held WPucobrdié! PdiEh udRRy b iRbPudiabBESHR Srfled sl
causi ng turbulence in the exhaust gas and form ng highly dispersed
tiny bubBrédingfynetionaldewsver ﬁteé@“@\h%b@rnwwbr@ﬁe g sely elenss| tengtod merdiglade o
the scrubbing liquid. Mst elimnator vanes renove entrained |iquids
f rom t heteapbausé, Masesmot dheasdddbr poedsing Flabgat sisdhhigeXKBAUSIp GRASRS Wil a
an unsaturated | evel. The scrubbing significantly and effectively
reduces I thel d the pollutants such as sul fur dioxide
and nitrggg%hgyégﬁﬁgﬁ?ﬁbgﬁ%?gxhaust gases, and reduces heat as well.
The details are given hereinbel ow. [0010] The technical solution of
the i nvel083 appardi isPisiuEdrop 98 EessEmcs de ¥ery Argrbirthgepbbe & hgflow fiber
reduci ng of gaseous particul ates and contam nants di scharged from

i ndust r i akmbmoé korttaces is used o kerirbéd gl dicss: adtlifiosal boosax fal is megtlel therdpeatation
conduit, a hot conduit, an outlet conduit, an counter-flow passage of

the exhapst a:ﬂi%erg?@gm@m%ﬁdﬁkv&lmeehiuﬂé Rgha scrubbing liquid; 2) wherein
ends of the heat condui and the outl et conduit are interconnected

and i me in the scruybbj liquid_in. the tank, by .1t he exhaus
gas passB@gﬂhrougﬁwPﬁé”?iQ%P%mﬁé@higﬁiﬂgdﬁmﬁimﬁﬁP%&ﬁﬁgfﬁé“&gnggéogﬁﬁf
one or nore horizontal m st elimnator vanes; 4) said m xing vanes
ar e | ocatmdrafussiorecruliieng gasesy gsin evdnpivanche  dhis|ieenicandisdleses arsdrubbas for
adapted to generate a turbulence in the exhaust gas so as to form

very snabihalyi bl ®ipose)l ob@detlesbf Hitstdll dolittBAAH péAR@SnAlidnd DIEApRAUM having a
downstream of the m xing vanes of the outlet conduit, so as to renove

m st drogl e fir S The technical. sol uti of .
the. i nvent ol pechah o B She PR e S A b LAt b DR
exhaust gas to reduce particul ates and gaseous contam nants and to
decr ease? t&rst diprdieathiruehian ingisedexrry nftilag Qyctlapping HPE6HPHT I8 yaneg)causing
passi ng the exhaust gas through an extended inlet conduit; b) passing
t he exhawusiulaas in the axl@ostizheind fooning hisghdt digperskd tiow gbbées heldith aabldiatds the
surrounding the inlet conduit; c) passing the exhaust gas through a
i quid Dahly diQlasat ORI infOR BbbiANdali@rvRE BERALLALLAN Blok Wirained
particul até nma ds FT ow

ter; passi ng the exhaust gas In a counter-

direction into an outlet conduit surrounding the heat conduit an

havi ng sﬁr’]fﬁ‘r“g fepn gﬁ&f“l"f‘”&rgaieﬁ-relﬂ\ﬁéf"i PlghuThrepsaes theahaush et ‘P;a"é‘)’sa&tﬁ@%fﬁbe'-
t he exhaust gas through one or nore m xing vanes so as to change the
di r ect i ohheofertbhimggamificantyemé bifeqgesle ratucesgadictiarebudienas thepelheanksi sych ab
bat h, and creating (nunmerous) fine bubbles to forma bubble stream
f) passi gt BexieX hatikodRdiokiak AUED MBSt Qhse MRFErelb Rt hék ASVARTRE JNARSR:
to substantially elimnate any entrained bubbles or noisture; Q)
passing t.he exhaust gas along a heated surface of the shared wall to

heat théyg¥haﬁg?eé§§ to a tenperature above

[0010] The technical solution of the invented apparatus of US 7,056,367 is a scrubber

device for reducing of gaseous particulates and contaminants discharged from industrial facilities,
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the dew point; and h) conpletely discharging the exhaust gas fromthe
scrubber. [0012] The maj or objects of above invented nethod and
apparatus of the prior art are as follows: 1) scrubbing SO2 with high
efficiency, and at the sane tine to keep the operating pressure |oss
| ess than six inches of water columm; 2) increasing the tenperature
of the di scharged exhaust gas to at | east 30C above the dew point.

[ 0013] Usi ng seawat er scrubbing to reduce the sul fur dioxide and ot her
pollutants. jn e haust, S inly relies aon. somne i rtant

Pona ¢ | ohdich sy T ne-Bim BRtselRe oo e Eoruiea tree "Bk R eowsgiion
the tenperature, the worse the scrubbing effect. Another condition is
t he gas- basepge df hortiaodt 2ay, e aganl coni@ningrgenbhineligehfavhergingads affle heat
better the scrubbing effect. The basic technical solution in US

pat ent  Neynddic ARGh3KI et o%ndtﬁ@a‘?@thfég:ohlh'l:%teg%’umﬁttﬂlﬁﬁet &8 ﬂt@gc%lﬂhmtlﬁ@:d in the tank,
scrubbing liquid in the tan i.e., bubbling scrubblng |n whi ch the

high te hb. I )
gaon 1 qur i RebEe Pt RS ttroeﬁﬁét&awﬁ%&ﬂwaa*‘ Fhredne s apdons g
exhaust gases through the scrubbing liquid in the tank" in the

i nvent i omojediotipatal mishelingiastosanest $)opd ofxipgrives #iglosatedibyilatle ingread ehdel
the foll owi ng shortcom ngs when used for scrubbing the high

t enper at the Quix baitdsill, Hasrefdamit P doyerseawab@énce DB dfhhpst lobs doSas b frnGaght
to overcone the conflict bet ween the scrubbing effect and the

Oper ati Ogﬁall lﬁl‘BﬁiES ?’tﬁ]n-gpeqhtghzﬁgq \Qﬁ&taré ek go\n%fstréant #t&viﬁ&tiligo\%ﬂéssOf the

'passi ng” ex aust gas roug

outlet conduit , so as to remove mist droplets from the exhaust gas.

[0011] The technical solution of the invented method of US 7,056,367 is a method of
scrubbing the exhaust gas to reduce particulates and gaseous contaminants and to decrease the
temperature in the exhaust gas, which comprises: a) passing the exhaust gas through an extended
inlet conduit; b) passing the exhaust gas in a counter-flow direction through a heat conduit
surrounding the inlet conduit; ¢) passing the exhaust gas through a liquid bath for scrubbing,
cooling, and for precipitation of the particulate matter; d) passing the exhaust gas in a counter-flow
direction into an outlet conduit surrounding the heat conduit and having share a length of the wall
with the heat conduit; e) passing the exhaust gas through one or more mixing vanes so as to change
the direction of the gas , whereby generating a turbulence in the liquid bath, and creating
{numerous) fine bubbles to form a bubble stream; f) passing the exhaust gas through one or more
mist eliminator vanes to substantially eliminate any entrained bubbles or moisture; g) passing the

exhaust gas along a heated surface of the shared wall to heat the exhaust gas to a temperature above




scrubbing liquid in the tank", i.e., the bubbling scrubbing and

cool ing nethod. The bubbling scrubbing nethod is al nbst has the

| onest efficiency in gas-liquid mass-transfer nethods. In such
technol ogy, the snaller the size of the elenent which is usually
cal l ed bubbling hood, i.e., the bubbling unit, and the |arger the
amount thereof, the higher the transfer efficiency (see FIG 4).
However, the nentioned invention, being limted by the conditions in

t he Shlp for exhaust, gas cru bi n s a sin bllng hood of
a | arge YEseYPGRE: éﬁ‘} 'I’Pefé’ma fgj)sqhor%}“nré‘?sexf %lué‘r@ﬁgpmgl‘? v gﬁcy On the
ot her hand, scrubbing or absorbing | evel of the bubbling scrubbing
nmet hod d[UIOéth | y r dhaimaprbbietthef adbept mvaftedoxttbersindi appaatsed theptidveurt are as
|l iquid. The deeper in the liquid, the nore the bubbles. Al so the
| onger thmopath passed by the bubbles to |leave the liquid, and the
| arger the gas-liquid contact area, the higher the scrubbing rate or

absorptivity. The r ssu he bub scr bbln oper at i o
is the energy | 59 lt% ’W Fﬁéﬁ‘?%"%vﬁﬁggﬁtﬂghng HﬁﬁaﬁﬁﬁpggﬁPgaﬂ1
and in val ue substantlally corresponds to the liquid colum pressure
based on the dept resfure lnes lestimasix igehss ofivatarsedmnh the |iquid. That
is, the better the scrubbing perforns better, the nore the increase
of the pressurezjoﬁﬁﬂﬂa@meuhﬁwﬁhgh@mh&MQmmgara&MQnght@ﬂ&h&3ﬁheamwer
conflict between the scrubbing effect and the operational cost is
general |y |rrecon%bk?ph§ [ 0016] The technical solution of the patent
requires a running pressure loss to be Iower than 6 |nches (152nn) of
wat er col umm under the condition of using the seawater as

scr ubbi n@013lqui d, Vsihg seafsagrkbing tﬁ*é‘e%ﬁgﬁ sgur diexigedig pefer @%t&*tqntﬁ if (s
scrubbing liquid is also less than 6 inches. Wth such a shall ow

i Mmer se, exthhest gasanahly rdl’teqon' szlmgam;mmnt aatlitiane@ne sf tht cdnklitiend is dredmyperature,
limted even if the 'm xed vanes' is added as additional technical

nMeans t Oy faQkdMighd: tedth RRGGEe aNCwd S @b %?ﬁ'fbﬁt% effgé’lbxbh(ﬁﬁ?l c@rﬁttﬁ)nﬁ@tﬁb‘ bisuliguhe
scrubbi ng and absorbing efficiency is still very low. In order to

reach a nuch bette rubbj n erfor hau

dept h an‘ii’“taﬁ”ea‘ﬁ%i&‘iﬂ?ga‘%sté g‘t‘.g’F a‘B"e taaﬁ%ac'“ E“*'Pthiqm ﬁ"’e‘*t“gtff"h“'ca'
consunption and the operational cost would rise accordlngly. Thi s
obvi ous| splugioh in By patyt Neg7.85 66 ds ‘ipesstnztthe dxpastAag throushithe seublfingliduid inghe
overcone the conflict between cooling of the high tenperature flue

gas and @hsord] ngbisig scrbbidh oxbieleh @k hizh kavpetRITD XAl Les is EOMIBY IEcooled,
maj or purpose of scrubbing the flue gas with the seawater is to

2‘2?(8r ?a; W tﬁy l ‘rlC,’LIg({ Qo(nta%? sult‘gtcc!: ?s ? hargléo‘ Qn“lglxeé gg}ea’g\gﬁnt Jpg)sm brggftz{%%ﬁooasese
processes for the hi h tenperature gas. The’te erature of t he

scr ubbi nt@r%‘é]a\‘/tﬁtsé’?“bp'ﬁ%ﬂ'éﬁléé% theHprinke ip Hie IRYQHOR Bnipe fesbrisad sgfydorn &f bubbling
cool ed, and sinultaneously, the heated seawater is used for scrubbing
and absaogchibhipgt wieicls bdsfthe fotlbwinie dBortcbhing:s Odits esd tihescAibbiny thediigixteth@erature
absorbing to be inefficient. In order to increase the absorbing

ef ficiengy,, PRy pyery to add nore scrubbing water to |ower the
i ncrease o?mtgﬁﬁcgagare gi§the scrubbi ng seawater. However, this wll

significantly increases. the energy consunption and the ogeratlonal
cost , and"nnot  dblitve dg FUt torovelrame Ahpacqnflyph between the scrubbing effect and the

operational cost.

[0015] The prominent feature of the invention is “passing exhaust gas through the




1001913) It is difficult to overcone the conflict between decreasing
of the running cost with anticorrosive elenments and increasing of the
manuf acturing cost. [0020] Another feature of this invention is that

it adopts a nested heat exchanger of the "heat conduit" type, i.e.,
"passi ng the exhaust gas along a heated surface of the shared wall to
raise the tenperature of the exhaust gas to be above the dew point".
The technical solution is adopted which increases the tenperature of
the exhaust gas so as to prevent the corrosion of the apparatus, so
as to dediebhig e Bpde daTkonist BoSYbLYAY saibhingatdheoolipe MatpénHie pybplng
of the apparatus.. However, the heat conduit nust have a

Cr 0Sss- segtribdimgafictibodst amosthhapiae toweatckfaiencpimdastigtie chasshegpefesioetasdst I such
i ncrease the heat conduct area, and to re-heat the exhaust gas with

nor e heafechl%‘ﬁﬁﬁyﬁ‘n@ shBer EI?@stizee&‘Ctn@aglgént RaseH Q u\é\ﬁ%ﬁ@ chiibd %uﬁlﬂ&gi]{ob@ﬂ.e@,fﬂ]e

hi gh-tenperature, high-humdity, and a strongly corrosive éenvironnment

Cor o oftPUEY utE A0 e tespeib raua) beRR iR Ry I Gt Ry poe F1G. 0

i ncrease the manufacturing cost of the apparatus, and the total cost
woul d ri HBewesechdinagfioned énventioni beinpubimigddgihsthe lvendiigmefin the shipdopdxhdyst lgas
is difficult to overcone the conflict between the corrosion

prevent i @uudie, ERBloeOL 5iRSE BRbLNEE hadtPdfl ORrdetie NRhiBIRBas Lot W MPss-transfer

100221The i nvention adopts a neSted heat exchanger of the "heat

condui t* ef%Xi%?cyl.J E)%etﬂe to!f'lg:' hand, scrubbing or absorbing level of the bubbling scrubbing method
directly relates to the depth of exhaust immersed in the liquid. The deeper in the liquid, the more
the bubbles. Also the longer the path passed by the bubbles to leave the liquid, and the larger the
gas-liquid contact area, the higher the scrubbing rate or absorptivity. The pressure loss of the
bubbling scrubbing operation is the energy loss of the exhaust to overcome the liquid pressure, and
in value substantially corresponds to the liquid column pressure based on the depth of the exhaust
gas immersed in the liquid. That is, the better the scrubbing performs better, the more the increase
of the pressure loss, and the higher the operational cost. The conflict between the scrubbing effect
and the operational cost is generally irreconcilable.
[0016] The technical solution of the patent requires a running pressure loss to be lower
than 6 inches (152mm) of water column under the condition of using the seawater as the scrubbing
liquid, and obviously, the depth of the exhaust gas in the scrubbing liquid is also less than 6 inches.

With such a shallow immerse, the overall liquid-gas contact area is still extremely limited even if

the ‘mixed vanes’ is added as additional technical means to form a turbulence and to disperse




condition of scrubbing the ship exhaust gas with seawater. The real
tenperature of the reheated exhaust will not only be not higher than
the acid dew point by 30C, but also be significantly | ower than the
dew point. The problemis that in the range of the tenperature not

hi gher than the dew point, the corrosion gets nore serious when the
exhaust tenperature is higher. The purpose of this technical solution
of this invention is to prevent the corrosion, but the re-heating
met hod for increasing the exhaust tenperature pay, only gravat e the
Cor 1 osi OPbUFREAT BEHE theeetigbing aichalisorong effiriaapy [syvE! ffawdaggﬂ Ff02IFANE
i nventi on has been experinented on ships for many years.

1002410 macH ysttet eergdingeetfimapee Heeaxhauat ipmecdssdapth dnkdehepxhawstlosgakallofe
hi gh tenperature at 200-400C fromthe marine ship engi nes, nethods

and appa{natews%ashe%e h@\e/naw Sk GRnRE 1l SHRG0RH chaveuRese a@&?ﬂﬁﬁp Tl

t he prlor art. basSis of the current situation as descr
above, e.te hnhcal PrlnCI | e of using seawater scrubbing to
ellnlnat ‘?HF%‘H MPLing A 800LESWy nect ed by people for a long time, has

not become a practical technlcal solution. Summary of the invention
[ 0025] Th®MLTIr st oB)p Bag difffcutt treoysraveerite ¢onflishbdtweenicgoling of wher ligntempérature
shortcom ngs in the existing ship flue gas scrubbing apparatus, and

to provifgg @shh@sybRbihiairamkideht Piold d@p@asrescr ubbi ng appar at us
adapted for ships with a hlgh gas tenperature gas and a limted

space. & ﬁ@] The s[‘laig Cl)nraﬂor é)u}p%ge %foscrutbglng%eeﬁuehnéas v{l?ﬁeﬂé sgana eF | 1s fg absmb the

overcomne shortc e exrs T gas scr

nmet hods, and to provide a ship flue gas scrubblng met hod in mhlch t he
high te nis%f#atiw@ee%naemtm@ag thesin¥gspics gmploys the 2AHC tank T SEFBHFHY By the
fillings is performed, whereby the cooling and scrubbing are

separ at egholing,Geituiaking hieipbhsdrbing espesdsi fuethy high dneemntrd gasb®lsd temesatutesaf the

scrubbing seawater increases while the high temperature gas is cooled, and simultaneously, the
heated seawater is used for scrubbing and absorbing the sulfur dioxide. This causes the sulfur
dioxide absorbing to be inefficient. In order to increase the absorbing efficiency, the only way is to
add more scrubbing water to lower the increase of temperature of the scrubbing seawater,
However, this will significantly increases the energy consumption and the operational cost, and
cannot solve both at the same time.

{0019} 3) It is difficult to overcome the conflict between decreasing of the running cost
with anticorrosive elements and increasing of the manufacturing cost.

[0020] Another feature of this invention is that it adopts a nested heat exchanger of the
“heat conduit™ type, i.e., “passing the exhaust gas along a heated surface of the shared wall to raise

the temperature of the exhaust gas to be above the dew point”. The technical solution is adopted




[ 0027] The comon obj ect of the ship flue gas scrubbi ng apparatus and
method in the present invention is to realize the good technical and
econom ¢ goals, which include a high pollutant reduction efficiency,
a low running cost, a long |ifespan, and a guarantee that the total
cost is significantly lower than the total cost saved by substituting
| ow- sul fur fuels. [0028] The technical solution of the ship flue gas
scrubbi ng apparatus of the present invention is as follow It
conprises, a housing, a scrubbing |ayer having filljngs is f]Xxed

wi t hi n t H8ich HHEF@‘?eﬁg‘eé?m%FﬁatEfﬁBt e Eﬁ}a‘t‘“ &5 PR MBS .CONOF‘P‘h&%t © apparatus,
collecting pool with a seawater discharging outlet is provided within
t he houssaay tatlecacaboweroppatitnabfost ing ehoud thagperdtidnbliide ghtbe hiaditusg Howvpesr,
whi ch guides flue gas to be scrubbed fromthe outside of the housing

i nt o thegpknghid@ndfic hb® NBAUS LRG-scbfont@AN@L LBt otheVBdrhplREted Bifipe so as to
housi ng. One end of the flue gas |eading pipe is a flue gas inlet

| ocat ed out si he housing. The oth end of the flue | eadi n

i pe s DO T pURUTAGR S rehE i P G2t S AR R ee et
flue gas leading-in port is |ocated at an inner wall of the housing
or ext engishingechas eweik irss ergditighell High-tweernet. bieh-Wesidity,nad g grapplyicagosive
| ayer and the liquid collecting pool. A cooler for cooling high

t enper at edvirofith¢® agbifasiaSoPp Boated @Bludtuie, at ekdin 19RS qRasisageobaionaedistidelloy
flue gas inlet outside the housing of the flue gas |eading pipe and

t he scruphi I : bR ng. inl:ef .d 0
scrubbinggkgg%ﬁﬁagﬁ%vég%8%§§m%ﬂgfgfﬂ¥@hﬁpgyﬂtg m%fdﬁcgﬁﬁggagﬁn?ﬂgtmm
housi ng. %0029] Based, on the technical resoglution of the ship FGD
devi ce a%sqwads MigreticyBinely, andarinptitveiehstisbangt®ons with additi onal
features are as follows. [0030]In the ship flue gas scrubbing

appar at ugf2tlhe cod) kis difficalt cookicnge tHe@onfliciualwezatlie@nrréstyngrreyeniani he dhe
bet ween the gas | eading-in port inside the housing and the scrubbing

layer. ThgrcRRhiddthaliboW oukd gatiaon | ayer is conposed of high
tenperature resistant conponents and is fixed, or installed by neans

of fasteR@%ﬁ, on pe.inqer | I oﬂZ%Ee horstpgT,%9931%In t he shiﬁ%

flue gas ubbi nd "GPEEFRN AP HESEO BRI T e PR EPW ToR PG vatiEdte

cool er
condition of scrubbing the ship exhaust gas with seawater. The real temperature of the reheated
exhaust will not only be not higher than the acid dew point by 30°C, but also be significantly lower
than the dew point. The problem is that in the range of the temperature not higher than the dew
point, the corrosion gets more serious when the exhaust temperature is higher. The purpose of this
techinical solution of this invention is to prevent the corrosion, but the re-heating method for
increasing the exhaust temperature may only aggravate the corrosion. The result seems against the
inventive purpose.

[0023] The invention has been experimented on ships for many years.

[0024] Clearly, to solve the problem in processing the exhaust gas of high temperature at




installed on the flue gas |l eading pipe or in a cavity inside the

pi pe. Alternatively, the cooler is a spray systemconnected to the
flue gas | eading pipe or on the housing, for spraying cooling water
to the high tenperature flue gas. [0032]In the ship flue gas
scrubbi ng apparatus, the gas leading-in port inside the housing is an
exit of the flue gas |eading pipe fixed at the bottom of the housing
and extending to the inside of the housing. Facing the exit is a

l'i quid coIIecglng cover for preventing the scrubbin wat er from
ent er i ng2dhE0FY framdhgmariwg dhip @nqme&éﬂeiﬁqﬁeewpﬁalﬁws§fﬁ3ﬁ firaeyyang high cost
scrubbi ng apparatus, the gas leading-in port inside the housing is a
t hr ough hokéctmadoped & de prial dit. € thdrBashaishengyrenir sitastioaxas tesofibadredotd, e
gas |l eading pipe fixedly connected to the side wall of the housing.

[0034] I ntesma$sallrra.gfé afeusﬁa§ea§/§trepmlbﬂg.g@cpaﬁﬁlaétyanp ﬁmtl&q %b%e@@h bf’ﬁédpﬁg
pool is fixedly conposed a lower sid housi ng,

bottonlo the ous | flue gas Ieadlng pi pe

S et Ader %%3%%%%1%5#@%?%&%P “.90'1-0035] ’n the ship 11 Ue
gas scrubbi ng apparatus, the liquid collecting pool is conmposed of
the side wall and the bottom of the housing under a horizontal cross
section where a | ower edge of the flue gas |eading-in port inside the

housi ng &iMfary of the invention
[0025] The first object of the present invention is to overcome the shortcomings in the
existing ship flue gas scrubbing apparatus, and to provide a highly efficient ship flue gas scrubbing
apparatus adapted for ships with a high gas temperature gas and a limited space.
[0026] The second object of the present invention is to overcome the shortcomings in the
existing ship flue gas scrubbing methods, and to provide a ship flue gas scrubbing method in which
the high temperature exhaust gas is cooled first and then scrubbing by fillings is performed,
whereby the cooling and scrubbing are separated into two steps to respectively achieve the best
results.
[0027] The common object of the ship flue gas scrubbing apparatus and method in the
present invention is to realize the good technical and economic goals, which include a high
pollutant reduction efficiency, a low running cost, a long lifespan, and a guarantee that the total
cost is significantly lower than the total cost saved by substituting low-sulfur fuels.
[0028] The technical solution of the ship flue gas scrubbing apparatus of the present

invention is as follow. It comprises a housing, a scrubbing layer having fillings is fixed within the



[0036] I n the ship flue gas scrubbing apparatus, the material of the
hi gh tenperature resistance conponents form ng the cooling flow
equalization layer is a high tenperature resistant inorganic nateri al
selected fromnetal, cerami cs or carbon fiber materials. [0037]In the
ship flue gas scrubbi ng apparatus, the cooling flow equalization

| ayer includes high tenperature resistant fillings and a filling
supporting frane. The supporting frame for the high tenperature
resistant fillings is fixed on the inner wall of the housing directly

or t hr oultisingatasnigpes part piglgiBsing thBaudheghlesting@ogj adthaspatstsir Algeharging outle
apparatus, the cooling flow equalization |ayer includes a high

t enper at ispvides wWshante I@usios a6/and pat & tighhdusingp ev fhiegheledddg [dpeathich guides
perforated plate, which is fixed on the wall of the housing directly

or thr Oug@% %@%Eﬁ%@@fuﬁbedk&%l wfip{mg iotasigé }é'z‘?%t??ﬁsiﬁ%ﬁpé)ﬁdﬁgin@ﬂ?@&nﬂ&dﬂéﬁ

t he scru g layer 1 ncludes I ngs an I'ng supporting ftrane.
porting franme is fixed on the
el

mﬁs{ Inlg ! {9?&?%33'?‘1%’36}0“%’?% Gug Andofd %8s lepdieraipg g g%ﬁ%\g’%h%"ﬁﬂg’%{tﬁg‘eﬁﬁ?e the
scrubbi ng apparatus, the fillings in the scrubbing layer is of a
housing. The other end of the flue gas leading pipe is a flue gas leading-in port [ocated inside the
housing. The flue gas leading-in port is located at an inner wall of the housing or extends into the
housing, and is located between the scrubbing layer and the liquid collecting pool. A cooler for
cooling high temperature flue gas is provided in a flue gas passage between the flue gas inlet
outside the housing of the flue gas leading pipe and the scrubbing layer. A scrubbing seawater inlet
is above the scrubbing layer. A clean gas outlet is provided at the top of the housing.
[0029] Based on the technical resolution of the ship FGD device as described above,
technical resolutions with additional features are as follows.
[0030] In the ship flue gas scrubbing apparatus, the cooler is a cooling flow equalization
fayer provided between the gas leading-in port inside the housing and the scrubbing layer. The
cooling flow equalization layer is composed of high temperature resistant components and is fixed,
or installed by means of fasteners, on the inner wall of the housing.
[0031} In the ship flue gas scrubbing apparatus, the cooler is a tube cooler or a sheet cooler
installed on the flue gas leading pipe or in a cavity inside the pipe. Alternatively, the cooler is a

spray system connected to the flue gas leading pipe or on the housing, for spraying cooling water

to the high temperature flue gas.



pol ymer material selected from pol ypropyl ene, pol yethyl ene, or ABS
engi neering plastics. [0041]In the ship flue gas scrubbi ng apparat us,
a water distributor which outflows downwards the scrubbing seawat er
in a horizontal and even distribution pattern is fixed above the
scrubber layer. The water distributor is conposed of aligned water

pi pes or/and water channels. [00421In the ship flue gas scrubbing
apparatus, a mst elimnator 9 for elimnating mst drops in the
exhaust gas is installed above the water distributor. [0043] The

t echni calt03¥| ut i ok & shindug E?Sﬁcﬂuplﬂég @ﬁ’é‘a%ft%%sﬁ@ad%t'ﬁéﬂt typide the housing
present invention for scrubbing, by neans of seawater, the

pol | ut anisan exiaofithe/fligighf wadicd Ope Ghed nrthe betofn af¢heg@ssiol mihamg:ﬁug tbitlenmside
ships is as followi ng. [0044] The steps of the ship flue gas scrubbing

met hod asﬁh@ﬁmfsmol e thOQ4IL ﬁlthlu@@g!e@ﬁi@ vl ep@asting h‘lH%Cl‘gaﬁl seawatel

di scharged by an “engine is led into a scrubber, and the [eade
flue gas_is causeg %o fl mards in the scrubber,
from entering the flue gas eadmg pipe.
[0033] In the ship flue gas scrubbing apparatus, the gas leading-in port inside the housing

is a through hole in the side wall of the housing, or an exit of the flue gas leading pipe fixedly
connected to the side wall of the housing.

[0034] In the ship flue gas scrubbing apparatus, the liquid collecting pool is fixedly
composed of a lower side wall of the housing, a bottom of the housing, and a pipe wall of the flue
gas leading pipe or a separation plate outside the pipe wall.

[0035] In the ship flue gas scrubbing apparatus, the liquid collecting pool is composed of
the side wall and the bottom of the housing under a horizontal cross se¢tion where a lower edge of
the flue gas leading-in port inside the housing lies.

[0036] In the ship flue gas scrubbing apparatus, the material of the high temperature
resistance components forming the cooling flow equalization layer is a high temperature resistant
inorganic material selected from metal, ceramics or carbon fiber materials.

[0037] fn the ship flue gas scrubbing apparatus, the cooling flow equalization layer
includes high temperature resistant fillings and a filling supporting frame. The supporting frame
for the high temperature resistant fillings is fixed on the inner wall of the housing directly or

through fasteners.
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[ 0046] b. injecting scrubbing seawater: the scrubbing seawater is
injected into the scrubber froma scrubbing seawater entrance

| ocat ed above a scrubbing | ayer of the scrubber, and the scrubbing
seawater is caused to flow downwards in the scrubber; 100471c.
scrubbi ng: scrubbing in a counter-flow way is realized by flow ng the
scrubbi ng seawater, which is injected from above the scrubber,

t hrough a scrubbing layer with fillings to contact |ow tenperature
flue gas that goes upwards; . [0048%d. cool i ng: hk&h tenperature flue
gas is cU9P8U by dndborip fluvrss sembiing sapasauadbepooiing lowdewmalizatian layer
t hrough the cooler to reduce the tenperature of the high tenperature
fl ue gasinctidena hipd tcopdracefrtdiveangatd goaRl 4 pWArtelBpekaure Mdstkant p@forated plate,
scrubbing | ayer; [0049]e. discharging clean flue gas: after being

scr Ubbedwl1filll([?581’6k568]%ﬁ t1AF dfm’@{()gﬁn%aﬂgcélfogh%?%@faﬂﬁgrsyi a a cleaned flue

gas outlet; di schargi ng e scru g seawater: after being

scr ubbed e seawater falls intp a
[00%9] Viﬁthe ship?llue gas scrubbing apparatus, the scrubbing layer includes fillings and a

filling supporting frame. The filling supporting frame is fixed on the inner wall of the housing
directly or through fasteners.

[{0040] In the ship flue gas scrubbing apparatus, the fillings in the scrubbing layer is of a
polymer material selected from polypropylene, polyethylene, or ABS engineering plastics.

[0041] In the ship flue gas scrubbing apparatus, a water distributor which outflows
downwards the scrubbing seawater in a horizontal and even distribution pattern is fixed above the
scrubber layer. The water distributor is composed of aligned water pipes or/and water channels.
[0042] In the ship flue gas scrubbing apparatus, a mist eliminator 9 for eliminating mist
drops in the exhaust gas is installed above the water distributor.

[0043] The technical solution of the ship flue gas scrubbing method of the present
invention for scrubbing, by means of seawater, the pollutants, mainly suifur dioxide in the flue gas
discharged from ships is as following.

[0044] The steps of the ship flue gas scrubbing method are as follows:

[0045] a. leading in flue gas: flue gas discharged by an engine is led into a scrubber, and
the leaded-in flue gas is caused to flow upwards in the scrubber;

[0046] b. injecting scrubbing seawater: the scrubbing seawater is injected into the scrubber
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liquid collecting pool and is discharged froma seawater di scharging
outlet. [00511Based on the above technical solution of the ship flue
gas scrubbi ng nethod, the technical solutions wth additional
technical features are as follows. [0052]In the ship flue gas
scrubbing nethod, in the scrubbing step, the nethod of sufficiently
scrubbing the | ow tenperature flue gas going upwards is that, in the
scrubbing layer, the flue gas and the scrubbing seawater is caused to
contact and mx sufficiently at a gas-liquid contact surface of the
fillingsrosrmisqhbing iﬁé""ﬁ%‘se‘@%ﬁ“i‘?doﬁgﬁﬂm"é}%@ p serpbhige fverootpiac sqiFtheeiaad sy
scrubbed to renove the SO2 therefrom [0053]1n the ship flue gas

scr ubbi neermbidpodswatdr it daesegdtte@Powe tiowivecdsan dgiengrubbeean f | ue gas,

di scharging the clean flue gas is that the clean flue gas is caused

to pass Edﬁﬁﬂugh a Nicalbbik! hABIL SN é&uﬁtle;-ﬁé:\ﬂ%f is%aﬁzedjg}olﬁ)clﬁvihélthf bguidite

gas and then is discharged fromthe cleaned flue gas outlet. [0054]In
the ship LLag. 9HeuSEt ”bgi g, et nedy. an openatl.enal RLESTULe lP%Ringl
the 11 uesGYESH SIS DRI Hord SR STAPS: Brohedr BBF R ¢
contact low temperature flue gas that goes upwards; .
[0048] d. cooling: high temperature flue gas is cooled by a cooler. The scrubbing seawater
flows downward through the cooler to reduce the temperature of the high temperature flue gas,
then the cooled flue gas goes upwards to enter the scrubbing layer;
[0049] e. discharging clean flue gas: after being scrubbed, clean gas goes upwards and is
discharged via a cleaned flue gas outlet;
[6050] f. discharging the scrubbing seawater: after being scrubbed, the seawater falls into a
liquid collecting pool and is discharged from a seawater discharging outlet.
[0051] Based on the above technical solution of the ship flue gas scrubbing method, the
technical solutions with additional technical features are as follows.
[0052] In the ship flue gas scrubbing method, in the scrubbing step, the method of
sufficiently scrubbing the low temperature flue gas going upwards is that, in the scrubbing layer,
the flue gas and the scrubbing seawater is caused to contact and mix sufficiently at a gas-liquid
contact surface of the fillings, and the flue gas going upwards is caused to be sufficiently scrubbed
to remove the SO, therefrom.

[0053] In the ship flue gas scrubbing method, in the step of discharging clean flue gas,



[ 0055] The technical principle and effects of the ship flue gas
scrubbi ng net hod and apparatus of the present invention are as
follows. [0056] Natural seawater possesses strong abilities to

di ssol ve and absorb sul fur di oxide, and can be used to scrub and
clean flue gases, so as to elimnate sul fur dioxide and ot her
pollutants in flue gases discharged fromindustrial conbustion
facilities. Practical apparatus for scrubbing flue gases with
seawater is required to have a small size and a high efficiency. This
i s becaudiechprzing thawdeagtlup sagiatiat the tlpan flus @asip saused omassityaesh omist §limngter
the processing is short, the processing apparatus nust have not only
a hi gh t otetimirabsoakpdrbm it yhellut oal 280 than I didehabsbiitdn thg ckpeddiue kis atler
wor ds, the scrubbing and absor bi ng efficiency must be very high,
otherw s ;ﬂe appqy; Hﬁp h&e 0L Lpdb%tnliecfl?dd a d@ei%igﬁf ltﬁg[lle%g Hftﬂe ﬁil,iéﬁ%s is
gas scru g netho and appar at us “usi ng fh seama er to have hig
scrubbin sQ bing fiCiency the key processing factors are
reaction%FEHﬂbﬁﬁfﬂ %Fqﬁﬁf’ OB SRHMAr ea. That is, the higher the
reaction tenperature, the worse the scrubbing and absor bing effect,
and | ar g@p3ilhe | i qbe dechaisal qointipletandrefiasts ohéhebdtt re timescaubbing bnetgpdamd
absorbing effect. Therefore" the present invention enploys the nethod

of firstypeq ulsBgthtepeesétitgne.ttenperaatdiroesfI ue gas, followed by scrubbing
and absorbi ng, separating the cooling and the scrubbing and absorbing

into two ction ctio respectiv alizing th

ef fici en@Bél and ag‘i aPeﬁBOSS‘é%% Sglméggti%{“efi o diggof % a%r?g) 9&@59“%‘8&
of the ship flue gas scrubbin apparatus and nethod of the present

i nvent i o#rdican kg ysedl foi seleihﬁmcgﬁliaa%ee gashia pP astieelirpinedf swiygdioxigeeng ogier pollutants
substituting the | owsul fur fuel, thereby changing the situation of

| acki ng @ fiiea@ids ciadchdrgihirsh egystmrcotih@;usih il ied. Pedcaicnl hpshuads fonscratbéhg
realizing the expectation of reducing ship pollution by nmeans of
seawat er 5S¢ '
put has Aatheen Peat BT HRS BORY, RUARHER 0¥ AREREIRIALR) T UMkl B
[0058]Cboling The, ship flue gas, scrubbing nmethod and apparatus in
the pres@ft! ipsfipKht i“BHedgHi”Feb‘iée afﬁsioraale iTHhe PROERsBing 1§ Shaih B @M CFRSINg PRR3TAYHs
di scharged froma ship diesel engine has a tenperature as high as
490C. Thieus hhfeurot dnlgxihigh to@hatedrptiatystor albd e diganbsoabsospoat] In dtheémheorfld, de
gas at a high tenperature has not been cooled. In addition, the

conpone nécﬁibb 3 RARE hiﬁbib}’ictel’i‘ﬁc drkd ln'uﬂ%% vb@ hi dMEoREHER NG L ks 'ngﬂﬁflictlcal In
section w || be easily damaged if the high tenperature flue gas

enters th cr ubbi f unct j.onal ction direct Th

scr ubbi nagrrﬁ SR RSB bR Pet T G Bt SR G gh scrubbing
scrubber, and a cooling flow equalization section is provided at the
downsi deandfabsdrbing effishsbey. theTky phidaghsingefagiens ararcactgpa dernypeating pud eehtach area.
pass the cooling flow equalization section and the scrubbing

functi onpras ¢ 6Hel fighet heGOREAE temlpBRAWSS DRI B the iseubiting Bfd 2L6BBg effect, and
scrubbed. The co ing fIOM/equaIization section at t he downsi de of

the scru net i f r
resi st anl?l%gir tlha%(gr 2as) &g ‘tﬁ%Pgngs %FEQWH&?%%% a118 a ur én%g fec?':ﬁi)igrre]%tréj ﬁte
fromthe gas inlet pipe passes through the grid or/and t he fiIIings
in the coeengvatipheapiow the aetheholiisicoaling the bigh egwrstirafie wsfallewddy.
The cooling flow equalization section at the downsi de of the scrubber
i s a funetibbingl and eabkorbing.c sppasedihef coalify ginl trenperbaingradrabserbingnnto two
perforated plate or/and fillings. The

functional sections, respectively realizing the highest efficiency, and achieving the best overall

14



hi gh tenperature flue gas led in fromthe gas inlet pipe passes
through the perforated plate or/and the fillings in the cooling flow
equal i zati on section to be cooled and equalized. In an inplenmenting
solution in which the gas inlet pipe passes through the |iquid
col l ecting pool, the portion of the gas inlet pipe imersed in the
scrubbing liquid is also a part of the cooling functional section,
thus resulting in the best cooling effect. [0059] Scrubbi ng: The
scrubbi ng functional section is conposed of a filling |ayer. The
wat er di sfifect-Bilie éntal @pss of thp eltie Suaizapacwabidre apherate gty of dwvieagsent ieveationy
froma horizontal plane to wash the fillings. The cool ed flue gas

fl ows upwaredgichitiyosiadt tah éheflibthl dofi@aveaye substBeGupelovhelfaanel aiMrely changing
seawater is distributed at a huge surface forned by the fillings, a
huge |iqui.q: ' rovi ge I.06:

absor bi rieei gy SFICANLa Btk Roloh Wihe MIFRARYL REGE B0 et
process in the present invention adopts a counter-flow arrangenent

in whi chStPREENA YPGB himrpatiiin by seancridrrnareasy b iggrhiehs Seanmpuedpy

| ayer while the flue gas goes upward through the scrubbing |ayer. The
fl ue gaspaoopittfacd leng ast byt hbs @s heectieealiatder Wi th t he strongest alkalinity
and the | owest tenperature. Thus, the efficiency to scrub and absorb

sul fur d[oggiﬂde CafLRBtNifla¥e RifGwsAl the sane tine, the scrubbing
|l ayer with fillings enployed in the present inventions invention

signific redyces resi stan to the passin as, thereb nsurin
RN 7 TRt i ALY - et Bt R et

techni cal apparatus with a high absorbing efficiency and a | ow
oper at i omantosan be[2pp@ginsituatione where thefflue bes didsbargeddensty shiredleseleanigiie bag a
solution, the serious shortcomngs in the prior art has been

over coMegempBatusdHsMighlab#o09@.SThe SiilER BioREe R R LG RA ehduBbdBe iOfhe Filegas at
present invention have prom nent technical effects as described

bel ow. [0061]1) High, scrubbing efficiency and |ow operati £0St
[0062] Thbn bbb AELBTERR B I LR R OB RN LR B e

scrubbing with fillings,. ) _ ) ‘
scrubbing functional section will be easily damaged if the high temperature flue gas enters the

scrubbing functional section directly. Therefore, a scrubbing functional section is provided at the
upside of the scrubber, and a cooling flow equalization section is provided at the downside of the
scrubber. The high temperature gas goes upward to pass the cooling flow equalization section and
the scrubbing functional section to contact the scrubbing liquid for being scrubbed. The cooling
flow equalization section at the downside of the scrubber is a functional section composed of a
high temperature resistant grid ot/and fillings. The high temperature flue gas led in from the gas
inlet pipe passes through the grid or/and the fillings in the cooling flow equalization section to be
cooled and equalized. . The cooling flow equalization section at the downside of the scrubber is a

functional section composed of a high temperature resistant perforated plate or/and fillings. The
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and its liquid-gas contact area is at |east thousands times of the
bubbl i ng scrubbing method. This realizes a high efficient scrubbing
whi ch can reduce 99% sul fur oxi des, 20% nitrogen oxi des, and 80%
particles, with a |ow pressure loss that is less thanll0 mllineters
of water columm. [0063] The high efficient scrubbing of the present
invention has significance to international shipping business for the
envi ronnent al objectives. | MO published in 2005 restrictions for SECA
(SOx Emi ssion Control Area) that the sulfur content of fuel oils used
i n shi pshigusmpasturetiucsas led isfym dre gahmlot Ripp gasaesshrongh thgperfsde mpte Aray
exhaust gas desul phuri zation apparatus to ensure that the di scharged
fuel gasihbagings s hdcdblinTiossdqodlizatHhakction td feabolbdardrguaized $n aSnpRmbrtelg
oiIs with the sul fur content not exceeding 1.5% i.e., the

“desul ph oSl d
1 5% O T e e s g e Tia ERL AR pooTHRlpch o FHE B
of 0.1% fuel oil sulfur content. Currently Eg average sul fur
content Bt RP&WPMEISEEIn e 1RODYG agic lga'a?)weﬁp I £P3/ngopnedigna! peetion. thus
scrubbing efficiency shall be 50%to achieve the goal of 1.5%

desul phuriudtig iorthedgsticoaingrtfedtuel oil sul fur content, and the
scrubbing efficiency shall be 96.7%to achieve the goal of 0.1%

desul phuppZst i on oLk fRkEMte e{cmm%'fhncﬁ%afi k@ctt@rpﬂrc@ﬂboseh QP8 filidg 145eP! THRY
t he high tenperature gas and absorbing the SO at a | ow t enpér at ur e
are carried nt seqllons. 0065 hi te
1 e gt Pt ety ¥ SOMnEEa: e Mt ra sy e b dPae ! Pl
solution of the present invention includes a cooler. A further

sol uti onwish thi&llinghelheowbled dlue | gosvfleys abverds ittopndhahe filling ldyesp digeanse the
bel ow t he scrubbing | ayer, whereby the fresh scrubbi ng seawater

passes tRAIOYEE sthates BrdsbbuRg at D(QE SLtchaﬁﬁﬁédbymnnﬁgst HRuge agliedad doct
gas, and then passes the cooling fIOM/equallzatlon ayer to cool the

hi gh t e@er%fpyorv%ega\@ie e;géﬁle% ru{pbm nd a%%r@gggflpc%&g 1% Oer ﬂgiha(? ﬁ’)g Q{hglgha% €

carried ou ren iha ron eﬁar eps
and do not have inpact on each other. This reallzes t he best_coojlng
ef fect afel strHebing RjREst InShp Pistssb HYPIHIGN afente ecteder-Tloy agngaiesh in yhich the
descri bed above, in the counter-flow scrubbing nethod in the present
i nvent i oferubbing seeandmiceds datvnivire thlough giascrobitihgelydradiie hie: fiavgas koes upward
tenperature, and consequently the best absorbing ability. This

resul ts jp,,af &Xtd&hley zgpé.» Les%e %9%@&5&@/@@@ ﬁfer &é&wateﬁ%m%& rs@bhdask

the significant and goo nical” effects brought by the t echni cal
resol uti of the esent |nvent %hlch t he co
bsor bi rigruiy bk f LTt aTH et A SRS § Soe a‘)ﬁaﬂ%sw' g foide can
operational cost and the |ow manufacturing cost are reconcil ed.
10067] Thie vaw heglf iAdi batathe imeedehengbingriesulvwith filinghemplsel in the present
out wei ghi ng the gain, which
inventions invention significantly reduces resistance to the passing gas, thereby ensuring the
realization of the object of the present invention to provide a technical apparatus with a high
absorbing efficiency and a low operational cost.

[0060] As a result of the above-described technical solution, the serious shortcomings in

the prior art has been overcome. The ship flue gas scrubbing apparatus and method of the present
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shoul d be avoi ded. Hi gh efficiency heat exchanger requires trenendous
thermal capacity and a huge heat conduction area, and thus it may not
be installed on ships because of its enornous size. Therefore, the

i nvention adopts the non-reheating gas exhaust, as well as the
above-nentioned high efficient filling scrubbing technol ogy.
Therefore, the operational cost and the manufacturing cost for the
processi ng apparatus are both reduced considerably. [0068]4. The
conflict between re-heating anticorrosion and corrosi on aggravati on

i s elim magneidn hh@EEOMiINENS teshiserd pffectsray defciibad bgoipt s t he non-reheati ng
gas exhaust and conpletely omts the re-heating heat exchanger, which
ef f ecti v@byijover comaghtishabishostic et AgslowWbpeRGoexE®t | Ng re-heating
heat exchanger for being costly and resulting in a reversed effect.
As menti abov h | -f1 j | et
has t he @%ﬁst t eﬁ%eeﬁjlg eﬁé g‘&grgﬁgzg%nss%gﬁgﬁ}%ﬁy%? Lgﬁéé"gl%§g{ug%p l()lf}’t Ih??@lgg’f
the flue gas is the mninmum Therefore, corrosion resistant naéeri S
with | estddisdiauidzges prntacheysel o last ousngds taes qfthediyl I'stmi“ﬁ‘@"%ﬂﬁ Phs
[ 0070] To sunmari ze, the technical solution of the present invention
not onl yrealesh b Bigh efficiht @fibbmp ehey cahiedive PO YS soifamndies, 28¥chitoggh oxides, and
reliability, but also significantly reduces manufacturing cost and
oper at i ogg) P%‘R&ES, v 150 BLE5R 1Bss tiak isNES 1Y $R) hifitherd-£6MMGRb AR
econonm ¢ performance and good technical effects. Brief Description of
the Draw ngs 100711FI G 1 _is a schenatic diagram.showi ng a ship flu
gas scr uWB%Hg appiﬁ%tlﬂféh égl(‘:cé)er“HiSﬁ%‘E'EIBg a BoBErssE pvegiont %@S isf‘?\?gﬁ?'imgn%
The flue gas leading-in port 3.2 inside the housing is the exit of a
fl ue gasintenagionabi papBrgwbusaless Hrf thx exivisenmenél biccidves.ofMPOhpulthishedi ing 2405
and extends to the inside of the housing I, and is suitable for the

si tuat i opstib@ns (e EtUSOYBMisGBR BoMIAFA) el thd SFLF doneft of AleBsilstub@ in ships
scrubber. The cooler 4 is a cooling flow equalization | ayer 4

la(r)]gai ﬁcei gg%tne i@ﬁé[geg al;SIgclﬂeOfgtﬁes sl%igsal%iusr}%ei erauﬁ:)%léé V\;]%t‘hzani &%!\Lg? ggsh(?esnlgh{ﬁ'gzggon
apparatus to ensure that the discharged fuel gas has a sulfur emission equal to that in the ships
using fuel oils with the sulfur content not exceeding 1.5%, i.e., the ‘desulphurization equivalent
fuel oil sulfur content” must not exceed 1.5%. Other international organizations have been aiming
for a goal of 0.1% fuel oil sulfur content. Currently, the average sulfur content of heavy oils in the
world is approximately 3%, so the scrubbing efficiency shall be 50% to achieve the goal of 1.5%
desulphurization equivalent fuel oil sulfur content , and the scrubbing efficiency shall be 96.7% to
achieve the goal of 0.1% desulphurization equivalent fuel oil sulfur content .
[0064] 2. Cooling the high temperature gas and absorbing the SO at a low temperature are

carried out in different sections.

[0065] The high temperature flue gas must be cooled so that the SO, in it can be absorbed.
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100721FIG 2 is a schematic di agram showi ng a ship flue gas scrubbing
apparatus according to another enbodi nent of the invention. The flue
gas leading-in port 3.2 is located at the inner wall of the housing
1, and is the exit of a flue gas |eading pipe 3 which is fixedly
connected to the side wall of the housing I. It is suitable for the
situation that flue gas enters the scrubber horizontally. The cool er
4 is a cooling flow equalization |layer 4' |ocated between the flue
gas leading-in port 3.2 inside the housing and the scrubbing | ayer_ 7.
[ 0073] FI Ghe Dlwionwsths prsess Kiventiog inphidss a eqedershfusthen sglatigmis the thgtspelnig flow
met hod according to the present invention. [0074]FIG 4 is a

schemat i equdiiagoamyef is @dispodedbelawtthd Sekbbingahycf, @detely ti@nrah strbigbitdSseawater
patent No. 7,056,367, which includes an co-axial nested inlet

condui t, [ o t it ter-flLo S|
exnaust | PEad roPRTH ool e € SRR % WA Rl cor MRRSLR, B
heat and outlet conduits are operatively interconnected and i mrersed
in the s‘é‘?"tﬁ'ﬂ%iﬂﬁd qqf‘ﬁ@f“d’“i Ipyet frecaoh ik higiriempgigunat 106 5eR1Ing Hoyseayalization
star-shaped cross section to increase the heat conduction area, so as
to p re- hebtbsdrhiag exhavied oy astes diffdrdnt fmedpnheattionpinisegraagepst dné do not have
tenperature of the exhaust gas beyond the dew point by at |east 30
C.. [007h) fakGn cac Rhd 1HENENBLI Fe SisAQE AR Plec@ns BRKRAL: 90 bs BRI G ncy.
scrubber, and five bubbling units are shown I n thé apparatus as

illustrated.,.. . . . ) . .
}n a%dmon, as described above, in the counter-flow scrubbing method in the present invention, the

seawater at the flue gas outlet has the lowest temperature, and consequently the best absorbing
ability. This results in an extremely high SO, absorptivity, further demonstrating the significant
and good technical effects brought by the technical resolution of the present invention in which
the cooling and absorbing are carried out in separate steps.

[0066] 3. The low operational cost and the low manufacturing cost are reconciled.

[0067] The low efficient heat exchanger resuits in the loss outweighing the gain, which
should be avoided. High efficiency heat exchanger requires tremendous thermal capacity and a
huge heat conduction area, and thus it may not be installed on ships because of its enormous size.
Therefore, the invention adopts the non-reheating gas exhaust, as well as the above-mentioned
high efficient filling scrubbing technology. Therefore, the operational cost and the manufacturing
cost for the processing apparatus are both reduced considerably.

[0068] 4. The conflict between re-heating anticorrosion and corrosion aggravation is

eliminated.



[ 0076] Names of conponents or structures corresponding to the
reference nunbers in the drawings are as follows. [0077]In FIG | and
FIG2: 1 - housing, 2 - high tenperature flue gas, 3 - flue gas

| eadi ng pipe, 3.1 - flue gas inlet outside the housing, 3.2 - flue
gas leading-in port inside the housing, 4 - cooler, 4 - cooling flow
equalization layer, 5 - low tenperature flue gas, 6 - filling
supporting frame, 7 - scrubbing layer, 8 - water distributor, 9 -

m st elimnator, 10 - exhaust gas outlet, 11 - discharging clean flue
gas, 12- [08¢H ubbi ndhe praseat wrentian éfiprpﬂtbéenoni@heagﬁg gssKPRysiveg ke aletelyjomits
liquid collecting cover, 15 liquid collecting pool, 16 - seawater

di schar gihBge-péadiag hiaft exc](iﬂngéihafhﬁﬁdefﬁ@&wtcﬁk;coﬁes tﬂaeshdnt@imcennqﬁe thiing
scrubber, which |s a side length when the scrubber is rectangular L

-t he heLIe 1e£tml%fhe£tr%§chsag%eg ?(9 %[am%&%ﬂg g}ld I@SLF t]m% in g’l‘%’ rsed 4%3@%991634 (Hl@d %%e

in, i'n (ofo]o)
dlschargln t he clean 9 and f - dlschar the scrubbj ng
seawat er the [lppgaspf the ppuaierAlopsrabhipg A s ﬂ]ﬂgg\esffsmemaﬁawfe F'Wepoﬂﬁqb%‘f'éﬂle

7,056, 367), 18 - gas inlet
corrosion ability of the flue gas is the minimum. Therefore, corrosion resistant materials with [ess

cost can be chosen to extend the lifespan of the apparatus.

[06070] To summarize, the technical solution of the present invention not only realizes high
efficiency, high performance, and high reliability, but also significantly reduces manufacturing
cost and operational cost, and therefore, it has excellent technical and economic performance and

good technical effects.

Brief Description of the Drawings

[007%] FIG. 1 is a schematic diagram showing a ship flue gas scrubbing apparatus
according to an embodiment of the invention. The flue gas leading-in port 3.2 inside the housing is
the exit of a flue gas inlet pipe 3 which is fixed at the bottom of the housing 1 and extends to the
inside of the housing 1, and is suitable for the situation that the flue gas goes upward vertically to
enter the scrubber, The cooler 4 is a cooling flow equalization layer 4’ located between the flue gas
leading-in port 3.2 inside the housing and the scrubbing layer 7.

[0072] FIG. 2 is a schematic diagram showing a ship flue gas scrubbing apparatus

according to another embodiment of the invention. The flue gas leading-in port 3.2 is located at the
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conduit and gas inlet; 19 - hot conduit; 20 - exhaust gas | eading

pi pe; 21 - tank containing scrubbing liquid; 22 - scrubbing |iquid,;
23 - mxing vanes, 24- mst elimnator vanes, 25 - m xing exhaust and
scrubbing liquid in the tank, 26 - scrubbing gas re-heat area, and
27- scrubbing liquid inlet and outlet. [0080]In FIG 5(conventional
bubbl i ng scrubber), 28 - scrubbing liquid, 29 - entering gas, 30-
bubbl i ng hood unit, 31 - discharging gas, and 32- inlet and outl et of
scrubbing liquid. Detailed Description of the Enbodi nents

[ 0081] Fuimnérevalldé gehpysingonansifis thiyexisdiaflué asdeadms pipe Buthishngfiaplyapareatsd to
and nethod are given below with reference to the draw ngs and

enbodi mept Side[ V308 the h&¥BRI NERLEIALQY fob R Shhddnf thatel@ags saed bR Reubber
Appar atus. [0083] Enbodi mrent 1: 10084]As illustrated in FIG 1, the

flue gashér&%ﬁjtiaﬁ'},gi_"ljhg 08(9&14 %'azcoioﬂ§gi ﬂgwteal?aliga}(j)%ilg)%r i4S Io%ﬁgd E@%\iwgen the flue gas
leading-in port 3.2 inside the housing and the scrubbing layer 7.
[0073] FIG. 3 shows a block diagram of the ship flue gas scrubbing method according to
the present invention.
[0074] FIG. 4 is a schematic diagram of a prior art technical resolution of the US patent No.
7,056,367, which includes an co-axial nested inlet conduit, a hot conduit, an outlet conduit, a
counter-flow passing gas exhaust, and a tank containing scrubbing liquid, wherein ends of the heat
and outlet conduits are operatively interconnected and immersed in the scrubbing liquid in the tank,
and the heat conduit has a star-shaped cross section to increase the heat conduction area, so as to p
re-heat the exhaust gases with more heat to increase the temperature of the exhaust gas beyond the
dew point by at least 30° C..
[0075] FIG. 5 is a schematic diagram of a conventional bubbling scrubber, and five
bubbling units are shown in the apparatus as illustrated.
[0076] Names of components or structures corresponding to the reference numbers in the
drawings are as follows.
[0077] In FIG. 1 and FIG.2: T - housing, 2 - high temperature flue gas, 3 - flue gas leading
pipe, 3.1 - flue gas inlet outside the housing, 3.2 - flue gas leading-in port inside the housing, 4 -

cooler, 4’ — cooling flow equalization layer, 5 - low temperature flue gas, 6 - filling supporting
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of the flue gas inlet pipe 3 which is fixed at the bottom of the
housing 1 and extends to the inside of the housing I. In the

enbodi nent, the flue gas |eading pipe 3 is always kept above acidic
seawat er surface in the liquid collecting pool 15, that is to say,
the flue gas does not enter the acid seawater. It is suitable for the
situation where the flue gas is leaded in vertically. It includes a
housing 1. a scrubbing layer 7 with fillings is fixed at the upper
side inside the housing. Aliquid collecting pool 15 with a seawater
out | et 1Bame Tprsowibbied latr, 8 hevatcodieribepy@ - mist dieninaies, Housshangt 2aa otitlglel I -
gas |l eading pipe 3, which | eads the exhaust gas to be scrubbed from

t he out shid@aignteQIdah elubgass i NGclibbihg sz @RRER L FipE,d3 L BRuIMESAGatNAl4 - 1Qfuid
the housing I. One end of the flue gas | eading plpe 3 is a flue gas

inlet 3. | in t her gas _ o
| eadi ng-| coEl%gt 1% gelI '??ng&}‘& CP%,' turﬁ)ﬁooq E"t’)e _F%R)gitérsdl ﬂl;%gﬁae b C%'SCE"UQECI
i nsi de the hou5|n extends into the hou5|n 1 and it is Iocated

bet ween $HYaEH f igmetar,edthescryber.tvdch ip aﬂgﬂle%’p VREHgrSBeNs Eatanglar;
cooler 4 used for cooling the high tenperature flue gas 2 is provided
in the flLueegakhpasisagmbbet ween the flue gas inlet 3.1 outside the
housing of the flue gas | eading pipe 3 and the scrubbing layer 7. A
scrubbin awat er, t, i-ded 7
A puri 11 B0 te: i Fiagagls® e BTG AROKE O SRR cBikBhe
1. 100851The coo| e a coolin |. o i zat | ayer 4' and is
| ocat ed H{HESH 4K ‘$‘f‘%§) e glgan $aé’a?ﬂglﬁ dlls‘lfl‘%a gttl‘%scﬁjti W§|Sﬁ'éyafeﬁe housi ng
and the scrubbing layer 7. The coollng fIOM/equallzatlon | ayer 4' is
made up @07 gh t émbEd ak (theeterlwgdas raanlogort ofrhe dh paterd V6367, X8d ow 1ulkie
inner wall of housing 1. Alternatively it can be fixed on the inner

wal | of beusik R8s Ladidrens hef cohdst ©0er Schaud QRBRhdRE ppROL EL t#hki Gnfining
tube cooler or sheet cooler installed on the flue gas | eadi ng pi pe 3.

Il zstaglo][ 2%5‘11 ﬁlﬂgﬁlquﬁeg -;,]Sétj'uli}@lra}.%? LII(? ]3 {li‘]}%ngrénlés Cl('?‘ll(i)SL; glrnlggtOIs\tL%gs §§ O%&x?r(g
still another enbodi nent, the cooler 4is a mater spray systen1
connect egkhpest pirkscrubbiag aud Indbripply 261 fraublingreas Ko Girs Hig 27 - ppbbing liquid
spraying cooling water to the high tenperature flue gas 2. The water
spray symilcemdcaniebe a set of spray heads. [0087] The gas | eading-in
port 3.2 inside the housing 1 is fixed at the bottom of the housing I
and exte toth f LRE: B H@%bd% Lhe
housi ng @ﬁ&g FaC|ﬁbﬁ%%gb§§F&Qﬁ%“%H@"% HLCO gg%ﬁ%g 80 Ve P 8 845
preventing the scrubbing seawater fromentering the flue gas .| eadi ng
pi pe 3. A @Wrgélogagmr gédfiﬁfjwrgrmgpﬁﬁ?ataﬂé 35- fnﬂféﬁlabm'flﬁteof ROHLY ‘?Fg“‘l”“?
through hole in the side wall of the housing 1, or an exit of the
flue gas leading pipe 3 fixedly connected to the side wall of the
housi ng 1.

Detailed Description of the Embodiments
[GO81] Further description of the ship flue gas scrubbing apparatus and method are given
below with reference to the drawings and embodiments.

[0082] A. Embodiments for the ship flue gas scrubbing Apparatus.

[0083] Embodiment I:



[ 0089] The liquid collecting pool 15 is conposed of the | ower side
wal | of the housing 1, the bottom of the housing 1 and the pipe wall
of the flue gas leading pipe 3, or a a separation plate outside the
flue gas |l eading pipe 3. The separation plate is able to prevent the
pi pe wall of the flue gas |eading pipe 3 fromcorrosion. [0090] The

hi gh tenperature resistant conponents that make up the cooling flow
equal i zation layer 4' are high tenperature resistant inorganic
materials. In this enbodinment, ceramc material is used, and netal or
carbon fj0684] mat eAisallustratedin&l1Gd, heflusgd lcadihg-iriog3. 2 ipsipethahensmg is the exit
resi stance conponents of the cooling flow equalization |ayer 4' are
conposedyQhe s inleePPES dhidh & L8 hithadhtohiok hk RS AN dndedtbdds kdWBe inside of

supporting frane. The filling supporting frame is directly fixed, or
be fixed,throu t ener.s the inner wall, .of the housing.]. i
{0001 1 PR st SR B s S g Rnee a8 i PP PASR  Hlip seqrae

rmybeaIﬂghtamanueraﬂﬁam_midoralﬂ%htammaUMe
r esi st anturfseq indirealtaaifl 9ofleptiag pepl 1§t isdpavntie flameas fogsdehenteiiiecsidsehv A
directly fixed, or be fixed through fasteners, on the inner wall of

t he housijingsulitable fH@R2}tuatiae wheleuldflkgal ayerled inh vartzalp ddedudes a hbdsiigngs
and a filling supporting franme. The filling supporting frane is

directl yfcﬁ%%ﬁ.g,laﬁﬁre'y ?:ﬁll] f'lh?ﬁ@ﬂs hl}é@ﬁl@ u@?& EIEQEEET th@ ﬂo&sl}%. A ﬂﬁ'@ c%}@%tlg]g&fﬁ%lr

t he hous Ings 1 n the scrubbing Iayer are

materi al sel ect from pol ypropyl ene, polyethylene, or ABS. The cost. . of
usi ng noh® WithR Sty P&tﬂ%ﬁg lsrfﬁg‘flg"(daaﬁtther%ﬁ‘f/@rsf%l”és“%ﬁ?e B‘é‘s'r?ﬁc‘ﬁauﬁ)ﬁiegr]e"ldl’%n

usi ng high tenperature resistant nmaterials, so that the cost of the
appar at ugipt¢ 3, whediegsths egnifticacanbe serubbed from the outside into the housing 1, is connected

to the housing wall of the housing 1. One end of the flue gas leading pipe 3 is a flue gas inlet 3.1
outside the housing, the other end is the flue gas leading-in port 3.2 inside the housing. The gas
leading-in port 3.2 inside the housing extends into the housing 1, and it is located between the
scrubbing layer 7 and the liquid collecting pool 15. A cooler 4 used for cooling the high
temperature flue gas 2 is provided in the flue gas passage between the flue gas inlet 3.1 outside the
housing of the flue gas leading pipe 3 and the scrubbing layer 7. A scrubbing seawater inlet 12 is
provided above the scrubbing fayer 7. A purified flue gas outlet 10 is provided at the top of the
housing 1.

[0085] The cooler 4 is a cooling flow equalization layer 4’ and is located between the flue
gas leading-in port 3.2 inside the housing and the scrubbing layer 7. The cooling flow equalization
layer 4 is made up of high temperature resistance components and is fixed on the inner wall of

housing [. Alternatively it can be fixed on the inner wall of housing | by means of fasteners.

[
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[ 0093] Above the scrubbing layer 7 there is a water distributor 8

whi ch can outfl ow downwards the scrubbing seawater in a horizontal
and even distribution pattern. The water distributor 8 is conposed of
al i gned water pipes or aligned water channels. , or a conbination of
both. A mst elimnator 9 for elimnating m st drops in the exhaust
gas is installed above the water distributor 8. [0094] The scrubbing
liquid finally discharged out of the scrubber would be discharged to
the ocean if it nmeets the environnmental em ssion requirenents of the
sea ar eall08@t t he Tsqigwlgs4dsatybanoplener sBeehyep ler ansthliopen the Bec ga8 lepdnapivt §-
kept in the waste water cabin or be discharged after further

t r eat mentn dnbthbtenthe@bnanthertdeitr 4 Ra titelceyandr shegtdole MBAll& in ak (08I Thaty
ship inplenented with this enbodi nent is equi pped with a diesel fuel

engi ne o O}f&?ﬁ% Qé\gga(a}’)@rpipeg% 00 s Panoted en%tgqra}%év@,i:tn‘gcgo%? ly i) LN}@%@’{ h%afwsﬂcew

cont ent raneters are as draneter o

scrubber housing (Do) 2523 hejght of the scrubber housing L(rim .
connected to the flue gas leading pipe 3 or the housing 1 for spraying cooling water to the high

temperature flue gas 2. The water spray system can be a set of spray heads.

[0087] The gas leading-in port 3.2 inside the housing 1 is fixed at the bottom of the
housing 1 and extends to the exit of the flue gas leading pipe 3 inside the housing 1. a Facing the
exit is a liquid collecting cover 14 for preventing the scrubbing seawater from entering the flue gas
leading pipe 3.

10088] The gas leading-in port 3.2 inside the housing 1 is a through hole in the side wall of
the housing 1, or an exit of the flue gas leading pipe 3 fixedly connected to the side wall of the
housing 1.

[0089] The liquid collecting pool 15 is composed of the lower side wall of the housing 1,
the bottom of the housing 1 and the pipe wall of the flue gas leading pipe 3, or a a separation plate
outside the flue gas leading pipe 3. The separation plate is able to prevent the pipe wall of the flue
gas leading pipe 3 from corrosion.

[0090] The high temperature resistant components that make up the cooling flow
equalization layer 4° are high temperature resistant inorganic materials. In this embodiment,
ceramic material is used, and metal or carbon fiber materials may also be used. The high

temperature resistance components of the cooling flow equalization layer 4° are composed of high

[Se]
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8750 Inlet flue gas volune (Kg/h) 48281 Inlet flue gas tenperature C
200-490 Inlet SO volume (Kg/h) 70 Inlet flue gas and dust vol une
(g/h) 245 Inl et NOx vol une (g/ KW)

temperature resistant fillings and a filling supporting frame. The filling supporting frame is
directly fixed, or be fixed through fasteners, on the inner wall of the housing 1.

[0091] In other embodiments, the cooling flow equalization layer 4" may be a high
temperature resistant grid or a high temperature resistant perforated plate, or the combination of
both, which can be directly fixed, or be fixed through fasteners, on the inner wall of the housing 1.
[0092] The scrubbing layer 7 is composed of fillings and a filling supporting frame. The
filling supporting frame is directly fixed, or be fixed through fasteners, on the inner wall of the
housing 1. The fillings in the scrubbing layer 7 are of a polymer material select from
polypropylene, polyethylene, or ABS. The cost of using non-high temperature resistant materials
may be much lower than using high temperature resistant materials, so that the cost of the
apparatus is reduced significantly.

[0093] Above the scrubbing layer 7 there is a water distributor § which can outflow
downwards the scrubbing seawater in a horizontal and even distribution pattern. The water
distributor 8 is composed of aligned water pipes or aligned water channels. , or a combination of
both. A mist eliminator 9 for eliminating mist drops in the exhaust gas is installed above the water
distributor §.

[0094] The scrubbing liquid finally discharged out of the scrubber would be discharged to
the ocean if it meets the environmental emission requirements of the sea area that the ship passes
orfand stays, and would be temporarily kept in the waste water cabin or be discharged after further

treatment if it does not meet the relevant requirements.
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18. 56 Scrubbi ng seawater volune (Ton/h ) 96 Qutlet discharged SO2
vol une (Kg/h) 0.68 Qutlet discharged flue gas and dust vol une (g/h)
49 Qutlet flue gas tenperaturet 20-49 Qutlet discharged NOx vol une
(g/ KW h)

[0095] The ship implemented with this embodiment is equipped with a diesel fuel engine
of 7150 KW power, 9700 hp, 127 rpm, using fuel oil with sulfur content 3%. The key parameters

are as follows:

diameter of the scrubber housing (Dmimn) 2523
height of the scrubber housing L{mm) 8750
Inlet flue gas volume (Kg/h) 48281
Inlet flue gas temperature °C 200~490
Inlet SO2 volume (Kg/h) 70
Inlet flue gas and dust volume (g/h) 245
Inlet NOx volume (g/KWh) 18.56
Scrubbing seawater volume (Ton/h ) 96
Qutlet discharged SO, volume (Kg/h) 0.68
Outlet discharged flue gas and dust volume (g/h) 49
Outlet flue gas temperature'C 20~49
Qutlet discharged NOx volume (g/KW-h) 14.8
International restrictions of discharged NOx

<17.0
volume (g/KW:h)

[0089] Embodiment 2: FIG. 2 illustrates a ship flue gas scrubbing apparatus of another

embodiment. It is different from Embodiment 1 in that the flue gas leading-in port 3.2 inside the

housing 1 is at the inner wall of the housing I, and it is an exit of the flue gas leading pipe 3 that is
25



14.8 Internationalrestrictionsofdi schargedNOx volume (g/KWh) <17.0
100891Enbodi nent 2: FIG 2 illustrates a ship flue gas scrubbing
appar atus of another enbodinent. It is different from Enbodinent 1 in
that the flue gas leading-in port 3.2 inside the housing 1 is at the
inner wall of the housing 1, and it is an exit of the flue gas

| eading pipe 3 that is fixedly connected on the side wall of the
housing I, which is able to al ways keeps the flue gas | eading pipe 3
above acidic seawater surface in the liquid collecting pool 15. That

i s to safixedbbhe@nfidctrd qabe sidesalhof the hbesingt hevldahi id alsle anetvays. kekps ths flue gas
suitable for the situation where the flue gas is led in horizontally.

The 1i quiegdiﬁ@ﬁihﬁ&ﬂo@gao@(ﬂpéeavl'?ceé DrRRTPRS §6ui?EollcPdhcHosia sWRlak isddchy Lhefluc
bottom of the housing 1 under the horizontal cross-section where the
over ed aes d%];s queen l'at 1e|agi%l%ieep a_teir.nlt Psosrutltab?fé ?oritﬁeséiglgtignh\ne!he?é) t"lllgi od glaﬁiz &3ed in
horizontally. The liquid collecting pool 15 is composed of the side wall and the bottom of the
housing 1 under the horizontal cross-section where the lower edge of the gas leading-in port 3.2
inside the housing lies.
[0090] Embodiment 3: A ship flue gas scrubbing apparatus of still another embodiment is
illustrated. It is different from the previous embodiment in that the cooler 4 is a tube cooler or sheet
cooler installed on the flue gas leading pipe 3or in a cavity inside the pipe.
[0091] Embodiment 4:
The difference from the above-described embodiment is in that that the cooler4 isa
water spray system for spraying cooling water to the high temperature gas 2 which is installed on

the flue gas leading pipe 3 or it may be connected to the housing 1. The water spray system is a set

of spray heads.

[0092] B. ship flue gas scrubbing method according to embodiments of the present
invention
[0093] Embodiment 5: As illustrated in FIG. 3 which is a flowchart block diagram, itis a

ship flue gas scrubbing method using seawater to scrub pollutants, primarily SOz in the ship flue
gas exhaust. . The method includes the following steps.

[0094] a. leading in flue gas: flue gas discharged by an engine is led into a scrubber, and
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[ 0090] Enbodi nent 3: A ship flue gas scrubbing apparatus of stil

anot her enmbodinent is illustrated. It is different fromthe previous
enbodi nent in that the cooler 4 is a tube cooler or sheet cooler
installed on the flue gas | eading pipe 3or in a cavity inside the

pi pe. [0091] Enbodi nent 4: The difference fromthe
above-descri bed enbodinent is in that that the cooler 4 is a water
spray system for spraying cooling water to the high tenperature gas 2
which is installed on the flue gas |eading pipe 3 or it may be
connect ethe faad¢dria fluogss incpused Filewwawends spghascrsbpet emis a set of spray
heads. [0092] B. ship flue gas scrubbing nethod according to

enbodi meppssiof t he pleeSRRErubBINERhNAEr: [HQO83) Fibhesl AB M inRcted\to the scrubber
illustrated in FIG 3 which is a flowhart block diagram it is a

ship flu as_scrubbi ng nmet hod ysi eawater .to scru | nt
ari e 1 508D s Gl (R SRR bl BSG BE SRy e
the follow ng steps. [0094]a. leading in flue gas: flue gas

di schar geduttngspavetgiisraused tq B fowvasdsg ehglsprabberiand
[0096] c. scrubbing: scrubbing in a counter-flow way is realized by flowing the scrubbing
seawater, which is injected from above the scrubber, through a scrubbing layer with fillings to
contact low temperature flue gas that goes upwards; .
[0097] d. cooling: high temperature flue gas is cooled by a cooler. The scrubbing seawater
flows downward through the cooler to reduce the temperature of the high temperature flue gas,
then the cooled flue gas goes upwards to enter the scrubbing layer;
[0098] e. discharging clean flue gas: after being scrubbed, clean gas goes upwards and is
discharged via a cleaned flue gas outlet;
[6:099] f. discharging the scrubbing seawater: after being scrubbed, the seawater falls into a
liquid collecting pool and is discharged from a seawater discharging outlet.
[00100] In the ship flue gas scrubbing method, in the scrubbing step, the method of
sufficiently scrubbing the low temperature flue gas going upwards is that, in the scrubbing layer,
the flue gas and the scrubbing seawater is caused to contact and mix sufficiently at a gas-liquid
contact surface of the fillings, and the flue gas going upwards is caused to be sufficiently scrubbed
to remove the SO; therefrom. In the step of discharging clean flue gas, discharging the clean flue

gas is that the clean flue gas is caused to pass through a mist eliminator to eliminate mist drops in
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the | eaded-in flue gas is caused to flow upwards in the scrubber;

[ 0095] b. injecting scrubbing seawater: the scrubbing seawater is
injected into the scrubber froma scrubbi ng seawater entrance | ocated
above a scrubbing | ayer of the scrubber, and the scrubbi ng seawat er
is caused to flow downwards in the scrubber; [0096]c. scrubbing:
scrubbing in a counter-flow way is realized by flow ng the scrubbing
seawater, which is injected from above the scrubber, through a
scrubbing layer with fillings to contact |ow tenperature flue gas

t hat goethelipngrsdsd then s@BeFgkd fivochd dgpnediilughzat eutlee AatoperetidnkLpeesgas ldssof
cool ed by a cooler. The scrubbing seawater flows downward through the

cool er t meREP&Ss FeEl;Qh&nelrm%{lﬁfﬁﬂéfe% Hwaldpgoifthgh tenperature flue gas,
then the cool éd fl ue gas goes upvvar ds to enter the scrubbing | ayer;

0098 h f
goes. upwhPAE ana” TR LS a5 PRl ch e il B Bppen S dekefE
[ 0099]f. discharging the scrubbing seawater: after being scrubbed,
the seawdwss. falls into a



liquid collecting pool and is discharged froma seawater di scharging
outlet. [00100]In the ship flue gas scrubbing nethod, in the
scrubbi ng step, the nethod of sufficiently scrubbing the |ow
tenperature flue gas going upwards is that, in the scrubbing | ayer,
the flue gas and the scrubbing seawater is caused to contact and m x
sufficiently at a gas-liquid contact surface of the fillings, and the
flue gas going upwards is caused to be sufficiently scrubbed to
renove the SO2 therefrom In the step of discharging clean flue gas,
di scharging the clean flue gas is th@mimhe clean flue gas is caused
to pass through a mst elimnator to elimnate mst drops in the
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I. A ship flue gas scrubbing apparatus conpr|S|nq a housing (1),

scr ubbi ngith aypeawagey Yisplzppgingotiet Qlﬁh@ﬁsngorepwéecr Vikleiol thes opsing Qtrrelorreusﬁitrré tm
an upper part of the housing, a liquid collecting pool (15) with a
seawat er hdlismg i gizagieaditd @pe (L6) lehihBuetaoi dactubilet oM dubeleROthsihb@sirat
a |lower part of the housing, a flue gas | eadi ng pipe (3) for |eading
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the flue gas_ | eadi ng pi beln a flue gas inlet : ) outsrde
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flue gas leading-in port (3.2) inside the housing, the flue gas

| eadi ng- pipe (30 bting 3flRg ghdéadpgliopat @Q) atsidarhe oneng, el flue ghs Itdunghiopsrt 1182)
(1) or extends into the housing (1), and being Iocated bet ween t he
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for cooling high tenperature | 'ue gas bei ng prOV| in a flue
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scrubbi ng seamater inlet (12) being above the scrubbing | ayer (7),
and a cleancrgas Gue ast(2) tad)z previdy! proflicesd mssage bapewfthe floe geruwieh . 1)

(1).
outside the housing of the flue gas leading pipe (3) and the scrubbing layer (7), a scrubbing

seawater inlet (12) being above the scrubbing layer (7), and a clean gas outiet (10) being provided

at a top of the housing (1).

2. A ship flue gas scrubbing apparatus according to claim 1, characterized in that the cooler (4} isa
cooling flow equalization layer (4°) provided between the gas leading-in port (3.2) inside the
housing and the scrubbing layer (7), and the cooling flow equalization layer is composed of high
temperature resistant components and being fixed, or installed by means of fasteners, on an inner

wall of the housing (1).



2. A ship flue gas scrubbing apparatus according to claim1,
characterized in that the cooler (4) is a cooling flow equalization

| ayer (4') provided between the gas |eading-in port (3.2) inside the
housi ng and the scrubbing layer (7), and the cooling flow
equal i zation layer is conposed of high tenperature resistant
conponents and being fixed, or installed by neans of fasteners, on an
i nner wall of the housing (1). 3. A ship flue gas scrubbing
apparatus according to claim 1, characterized in that the cool er (4)
is a tube cooler or a sheet cooler installed on the flue gas |eading
pipe (3) or in a cavity inside the pipe, or is a spray system
connect ed 4 Gif i Jal UEuBRS aF&@ﬂﬁﬁgccﬂHiﬁgto(@imQE cHRfclehSedRomal (Rfcdofer (4)&fi§)ar
sprayi ng cooling water to the high tenperature flue gas (2). 4.

ship flue,gas scrubbi ng apparatus according.to.clainms 1 or 2 qr 3, .
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housing is an exit of the flue gas |leading pipe (3) fixed at a bottom
of the houshapray Psteancpnesetednelihadlug masdeading tigpus) ergpn(the houaing (Halel sigaitee
exit is aliquid collecting cover (14) for preventing scrubbing
seawat er cdoliagveset ®rthd gzl Repéhie MRSad @ading pipe (3). 5. A ship flue
gas scrubbi ng apparatus according to clains 1 or 2 or 3,
characterized in that the gas |eading-in port (3.2) inside the
housing is a through hole in a side wall of the housing (1), or an
exit of the flue gas | eading pipe (3) fixedl¥ connected to the side
wal | of #Heshiollis 43§ sqrubping agpargtussaseyding tpecldjmg 1 86+ tibb FifdpciEppad iathasthe gas
according to claim4, characterized in that the liquid collecting
pool ( 15)adisg-frn poetdB ) meidps acusofe ivarl cwer theifle gavdbddingfpifel(®) fvet ai nlgptioo
a bottom of the housing (1), and a pipe wall of the flue gas |eading

pi pe (3),Okhe ﬂ%%?r%a(rl ?Eaiao&te%ﬂg et 'tﬂei‘}oﬂgn% gﬁ -d%ci?é@!hla exit is’a liélftlié Bcg%ictri]ng

flue gas scrubbi ng apparatus accor claim characteri ze

that the liquid collectin pol (15) .is conposed of the. side Il and
L Dot onf bt t LR SEUGE TP A o FEPATC MO8 18RERIE Gher o a
| oner edge of the flue gas |eading-in port (3.2) inside the housing
lies. 8. A ship flue gas scrubbi ng apparatus according to claim 2,
characterized in that a material of the high tenperature resistance
conponent s gy Mid s §igbmRabpadus dcomdigs alldimat bPNod RYIRactefizdd ih ShaBthBlzgih
tenperature resistant inorganic material. 9. A ship flue gas
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resistant fillings and a filling supporting frame, and the supporting
frame foff thyBucrgagiradiagpiee &) dixedly exinegtetHe the sideiwslof ths hppsieeldbn an
inner wall of the housing (1) directly or through fasteners.

6. A ship flue gas scrubbing apparatus according to claim 4, characterized in that the liquid
collecting pool (15) is fixedly composed of a lower side wall of the housing (1), a bottom of the

housing (1), and a pipe wall of the flue gas leading pipe (3) or a separation plate outside the pipe

wall.



10. A ship flue gas scrubbing apparatus according to clains 2 or 8,
characterized in that the cooling flow equalization |ayer (4')

i ncludes a high tenperature resistant grid or/and a high tenperature
resistant perforated plate, which is fixed on a wall of the housing
(1) directly or through fasteners. 11. A ship flue gas scrubbing
apparatus according to clainms 1 or 2 or 3, characterized in that the
scrubbing layer (7) includes fillings and a filling supporting frane,
and the filling supporting frane is fixed on an inner wall of the
housi ng 1.1} stlipribet day sombkihg epglrtfsastadieg o claih 2, ciargidriged fruthagths liquid
scrubbi ng apparatus according to claim 11, characterized in that the
filli ngscdll@cﬁn@%o@QrﬂbstUOﬁﬁo.tleaﬁﬂ{le §idd whiPan@h bBidPbBtAE oL RS @'} lwﬂiel a hokZontd
ship flue gas scrubbing apparatus according to clains 2 or 3,
characterized i :
downwar deSarsh g iR o iR bElnd gl EHE T
pattern is fixed above the scrubber | ayer (7), and the water
distributor (8) is conposed of aligned water pipes or/and water
channels. 14. A ship flue gas scrubbing apparatus according to claim

13, charaot s fRab ferdudaly aBpdiatsd acCdrtlin RAdIfiMm X) chapdcteizéd i Bk h AEtefhISdf the
drops in exhaust gas is installed above the water distributor (8).
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flue gas dlscharged by an engine is led into a scrubber, and the

| eaded- |ﬁ“??%@”dﬁ%“?ﬁ”@&ﬁﬂ@&“%%m¥Iom/upmards in the scrubber: b.
i njecting scrubbing seawater, in which the scrubbing seawater is
injected into the scrubber fron1a scrubbi ng seawater entrance | ocated
above a scrubbing layer of the scrubber, and the scrubbi ng seawat er
I's causegl A g f ﬁlt%wagﬁmmgQ§pa'reﬂusta|a@or§19é 'tbh:h%ﬁﬁas 20r8, chz@actm§f\zEdethzﬁ Ghe doBling
whi ch scrubbing in a counter-fiowway Is realized by flow ng the
scrubbi ng seawat er,

t hr ough OV &4 Bz}tlﬁa l'c}ygyéim @P%@S#ngﬁ}tﬁ%&%gtﬁl&n rgsblegars flllmos aid u?amo "supporting
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frame, and the supporting frame for the high temperature resistant fillings is fixed on an inner wall

of the housing (1) directly or through fasteners.

10. A ship flue gas scrubbing apparatus according to claims 2 or 8, characterized in that the cooling
flow equalization layer (4°) includes a high temperature resistant grid or/and a high temperature

resistant perforated plate, which is fixed on a wall of the housing (1) directly or through fasteners.

1. A ship flue gas scrubbing apparatus according to claims | or 2 or 3, characterized in that the
scrubbing layer (7) includes fillings and a filling supporting frame, and the filling supporting frame
is fixed on an inner wall of the housing (1) directly or through fasteners.

-~y

31



contact |ow tenperature flue gas that goes upwards; . d.
cooling, in which high tenperature flue gas is cooled by a cooler,
and the scrubbing seawater flows downward through the cooler to
reduce the tenperature of the high tenperature flue gas, then a

cool ed flue gas goes upwards to enter a scrubbing |ayer; e.
di scharging clean flue gas, in which, after being scrubbed, clean gas
goes upwards and is discharged via a cleaned flue gas outlet f.

di schargi ng the scrubbi ng seawater, in whichthe seawater, after bei ng
scrubbed, falls into a liquid collecting pool and is discharged from
a seawat er discharging outlet. 16. A ship flue gas scrubbing nmethod
accor di ngp toshed mema;t@omm}%ra@g&la[.g #86kdIng 14 H@hn 1 1ncﬂa%te%%dmtaaa@gw$ﬂlws in
the nethod of sufficientl scrubblng the [ow ténperature flue gas
goi ng upwar ds scrubhi ng | ayer, the flue gas and the
scr ubbi ng' S%HW%%E?W?iﬂéﬁ%?éﬁﬁP§r53 8t and mix sufficiently at a
gas-liquid contact surface of the fillings, and the flue gas going
upwards is caused to be sufficiently scrubbed to renove SQ2
therefrom 17. A ship flue gas scrubbing nmethod according to claim
15, char gutaeshiz e b4d schdbing bpatdd@ StRPn@to dhisthan g HG, chAeadleftua Ba%
di scharging the clean flue gas is that the clean flue gas is caused
to pass ough 1§t [ ue
gas and TRen oGOl R Bl MRROlorh i HABHE ;B Bher 1 BPul Sdrda el
ship flue gas scrubblfg met hod according to cIa|n115 characteri zed
in that %ﬂ IBpionpeiten ) xsd sy the sprylbsr Bvert(ﬁ)eaffq thewejsidistabyterd) is papposero
mllinmeters of water colum.

of aligned water pipes or/and water channels.

14. A ship fiue gas scrubbing apparatus according to claim 13, characterized in that a mist

eliminator 9 for eliminating mist drops in exhaust gas is installed above the water distributor (8).

15. A ship flue gas scrubbing method, characterized in that it comprises the steps as follows.

a. leading in flue gas, in which flue gas discharged by an engine is led into a scrubber, and the
leaded-in flue gas is caused to flow upwards in the scrubber;

b. injecting scrubbing seawater, in which the scrubbing seawater is injected into the scrubber
from a scrubbing seawater entrance located above a scrubbing layer of the scrubber, and the
scrubbing seawater is caused to flow downwards in the scrubber;

c. scrubbing, in which scrubbing in a counter-flow way is realized by flowing the scrubbing

seawater, which is injected from above the scrubber, through a scrubbing layer with fillings to
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contact low temperature flue gas that goes upwards; .

d. cooling, in which high temperature flue gas is cooled by a cooler, and the scrubbing
seawater flows downward through the cooler to reduce the temperature of the high temperature
flue gas, then a cooled fiue gas goes upwards to enter a scrubbing layer;

e. discharging clean flue gas, in which, after being scrubbed, clean gas goes upwards and is
discharged via a cleaned flue gas outlet;

f. discharging the scrubbing seawater, in whichthe seawater, after being scrubbed, falls into a

liquid collecting pool and is discharged from a seawater discharging outlet.

16. A ship flue gas scrubbing method according to claim 15, characterized in that in the scrubbing
step, the method of sufficiently scrubbing the low temperature flue gas going upwards is that, in
the scrubbing layer, the flue gas and the scrubbing seawater is caused to contact and mix
sufficiently at a gas-liquid contact surface of the fillings, and the flue gas going upwards is caused

to be sufficiently scrubbed to remove SO, therefrom.

17. A ship flue gas scrubbing method according to claim 15, characterized in that, in the step of
discharging clean flue gas, discharging the clean flue gas is that the clean flue gas is caused to pass
through a mist eliminator to eliminate mist drops in the flue gas and then is discharged from the

cleaned flue gas outlet.
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18. A ship flue gas scrubbing method according to claim 15, characterized in that an operational

pressure loss of the flue gas is less than 110 millimeters of water column.



