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GAS FLOW PATTERNS I N H GH VELCCI TY ABSORBERS - BACKGROUND OF THE
| NVENTI ON 1. FI ELD OF THE | NVENTI ON The present

invention relates, in general, to flue gas desulfurization absorbers, and-
in particular, to a nem/and useful absor ber arrangenent haV|ng a gas inlet

at the tran]i oW1 ; whi ch
contains a I'T gy & I RS @ sor ber
section. ; O SEA = -

Comrerci al i zat | on and devel oprrent of high veI ocity absorbers is pursued

because 4 = ey offer such as | ower capital
cost, | ess¥rearestate 10—t et -errehts Horter nore conpact absorbers,
and i nproved S 'EZWBi“a]“HﬁfJNW On t he other hand, high velocity
has sonme di sadvantages such as ased resistance to gas fl ow and

i ncreased sensiThe \présgntdhvention fe¥aésein genefinABIRE ghe'ddsimburbiiqorbabisbibeghayi or  of
the gas in particular, to a new and useful absorber arrangement having a gas inlet at the transition
5  between a lower, large diameter tank section which contains a liquid slurry level, and an
upper small diameter absorber section.
2.  DESCRIP RT

Commercialization and development of high velocity absorbers is pursued because

of the economic advantages they offer such as lower capital cost, less real estate
10 - requirements, shorter more compact absorbers, and improved SO, removal efficiency. On

the other hand, high velocity has some disadvantages such as increased resistance to gas

flow and increased sensitivity of the system to changes in the hydraulic behavior of the gas

and liquid phases. Physical model studies show that the gas velocity through the inlet of

the absorber affects gas distribution in the absorber and affects the performance and
15  behavior of the absorption zone and mist eliminator.

Regardless of the physical shape of the absorber, the resistance to gas flow is
categorized as either useful resistance or parasitic resistance. Useful resistance is
converted directly and entirely into scrubbing efficiency and participates in gas
redistribution such as the absorption zone pressure drop. Parasitic resistance is expended

20 to conduct the gas ﬂwough the absorber confines without effective participation in the
chemical process. 'Thé inlet and outlet resistances are good examples of this type of
resistance. The use of turriing vanes or other gas distribution devices is a simple solution
to outlet resistance. Hﬂwever, the inlet pressure drop is not easy to reduce because it is
a combination of the gas and the scrubbing liquid interaction throughout the absorber.

25 Traditional absorber inlets vary in shape and size but the shape of the inlets is
basically the same. Fig. 1 shows the commonly offered inlet design (without protective
awning). In this design, the liquid flowing off the absorber walls 12 or sprayed by nearby
spray headers, falls into the inlet casing 14 and forms a solid growth at the wet/dry
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and |iquid phases. Physi cal nodel studies show that the gas velocity °

t hr ough thﬁ'&“&#‘ﬁ the absorber affects gas distri buidymedozeine
absorber a ects the performance agd 15- behavior of the absorption

zone and m st elimnator. Regar dl ess of the physical shape of
t he absorb her -
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critical.

While the liquid curtain is needed to humidify and help gas redistribution, it has two
significant drawbacks. It significantly increases the inlet pressure drop compared to an
inlet without an awning, and it distorts the flow pattern as the gas rises through the

15 absorber.

In a new generation of high velocity absorbers, gas velocity is set between about
15 to about 20 feet per second. Minor distortion in the gas flow pattern results in localized
high gas velocities approaching or exceeding the critical velocity of the mist eliminator and
may result in functional failure of the mist elimination device,

20 To overcome the negative effects of high gas velocity in the inlet, one could
increase the inlet's flow area and limit the gas velocity to the conventional 3,000 feet per
minute. This solution, while simple and practical, will result in a larger inlet aspect ratio
(height to width) and increases the absorber height and inlet resistance. An increase in
absorber height minimizes the advantages gained by high velocity scrubbing. Other options

25 include advanced low pressure drop gas inlets for the new generation of high velocity
absorbers, or the use of available means within the system to redistribute the gas flow
without significant increase in inlet resistance.

The current industry inlet design uses the installation of the protective awning 16
on top of the inlet 14 to deflect the slurry away from the hot flue gas flow and prevents the

30 deposition of solids at the wet/dry interface. However, at high absorber gas velocity,

obstruction of the gas path by the high density liquid curtain deflects the gas to the sides
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interfate causing mal distribution and higher resistance. To overcone this
probl em.and g 99s/4g99sshown in Fig. 2, protective intrusive awipaegapdofoysr e
pl aced on top of the inlet 14 (see W S Patent 5,281,402). The awni ng
diverted the contact point (between the hot gas and the liquid curtain

flow) fro g\gg}(h%c?éisgérg&%st&%dl Iagggggsa%ggisﬁ%ﬁéer of the absorber. Solids

5 depositro S aver ecaus ‘ion occurs in an area

wher e there i s Modélstudies and opsratitigRkperitnba\Redhes that 42 @h absdsber Welotifcbetweent | ue
surfaces. This design has_been proven functional at the traditional

gas vel oci #h08t I 3bewelZ 5, ot pesnsecond, theaeurrent dnlew designsnproyide good gaso
ffect S L ' . th ; th . St I furth

ST ect vt b RS gD o B AT

resi st ancegqmdfas Fistitution & ProvidbPpdrlifilyly the PasRtALe ofthé ligaw Rahah, {a}l@gp’fﬁss ure

drop and distortions to gas flow patt'ern becones nore, ,

Wi | e t he the@wningdo theeintering gas ¢ Theoprimariy functiph gf the dwhinp is ppsovideprstectidnut i on,
it has two__ . . .significant drawbacks. It significantly increases, the

inl et presd&Hust ‘?}d‘g‘?}B‘%QP‘Ea"‘l‘{ﬁaﬂsﬂ‘“m"n and; 13 |pEQVidG APRIE esiStANGRAQ FgW doven | ¢

distorts tfe J“"é}méﬁ?%} Q?}?gﬂﬁ)\%iﬁg éﬁ;\gasé %%gﬁ%tg hugh rédﬁ]s?ﬁi%t@e its@lp 39?09{" hget ween

In a new generatl ers,” gas ve Tty 1s-se
about absorber flowalbsaut At dbecrbergak velecieNSklow1 D Sifedlipsi @tbndrRadonalilé gasyas
flow pattern results in localized hi as velocities approaching or

. resul, . gh
exceedithg @is@ridon in &bg absorbari will get ﬂmomhstheecrr(igticahﬁaibre aplgcity of the meist
result in é‘:'i”‘n%i.o nal failure of the mst elimnation device. 20
To overcone the negative effects of high gas velocity in the inlet, one
coul d | NAE @rAs Vélecityih@basss dHoIaBdue 823 Rkt hérmbéona Rfid SeToatBEMboly tO
the conventional 3,000 feet per ) mnute. This solution, while sinple
and pract i 2&feet \per secord @ tmorg, the| rgsistance] ofl the liguideaurtainatfalling off the awning

becomes significant and magnifies the effects of gas flow distortion,

15 Several attempts were made to reduce the resistance of the awning first by
introducing a new generation of non intrusive awnings. In these designs, the awning is
removed from the inlet's gas stream and placed above the inlet. See U.S. Patents
5,'403,523; 5,558,818 and 5,648,022, Each of these developments contributed to the
reduction of the inlet's parasitic pressure drop caused by the intrusion of the original

20  awning into the gas flow path. These designs, however, added 3 feet to the height of the
absorber and none of them totally eliminated the effect of the heavy density liquid curtain.

These prior efforts were steps in the right direction to reduce the inlet's parasitic
resistance, however, in every case the curtain resistance remained the same. Considering
that one inch (water) of pressure drop is evaluated at approximately $1 million over the life

25 of the power plant, reduction of the parasitic resistance of the absorber provides a

significant competitive edge. Table 1 compares the pressure drop of an inlet with and

without awning.
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(height to width) and increases the absorber height and inlet resi-stante.
An i ncreasewighougeeg ~ absorber height mnimzes the advant aggadabdlsidsPy .

hi gh vel ocity scrubbing. O her opti ons_4_25 i ncl ude advanced | ow pressure
drop gas inlets for the new generation of high velocity absor bers,

or the use of avail abl e neans wtht.agt&téglsystemto redi stribute the gas
flow W t hout significant In inlet resistance.

The current industry inlet design uses the installation of the protective
awni ng 16 on top Ofgin : ‘f’i}the slurry away fromthe
hot flue gas flow and prgyeR n of solids at the
wet/dry interface. Howeve ) e-gas=vel ocity,

obst Puction of the gas path by the h| gh den5|ty liquid curtain deflects the
gas to the si des

- 3- Descriptian ndntmsive: Awning: | rnghhnmejmﬂg_&mm possi bl e distortion.

Model studies and operating experience teachggwiifigt at an absorber velocity

bet ween about 1 to about 12.5 feet per second, the current inlet
deshgns Iﬁreppfé;g"good gagso di stribuytgpn acr Qs?the absorber at or bel ow
good gas distribution

about 3@%@( mnute inlet velocity. The
i's provi partla y by the resistance of the liquid curtain, falling off

the awning tq the enteri a he primary function of the awning is to
provi de tp?Ot e Cinilta ﬁ/epom aggutg.% 300 ;l' et pee' mmutey liquid flux about 60 gpm per sql?are
t, absorber velocity about 15 feet per second.

1i5

RY OF i

The present invention provides a combination of an advanced gas inlet with the
sought protection against wet/dry zone solids deposits and reduces the liquid curtain to the

20 same density observed in the inlet design without an awning. The new inlet does not
promote the formation of thick high density liquid curtains in the gas path, thus reducing
the parasitic pressure drop experienced with awning equipped inlets. The new design
places the inlet in the transition between the large diameter tank and the small diameter
absorption zone.

25 Successful application of this invention could possibly result in an evaluated cost
of about $1,000,000 less than the current designs and over about $2,000,000 in savings
over the original intrusive awning design.

The present invention is suitable for absorbers with flared tanks. The inlet is
located in the transition between the tank and the absorber section. As a consequence of

30 the location, the top plate of the inlet extends from about 1 to about 10 feet beyond the
lower plate. This extension provides a natural protection to the inlet from the backflow of
shurry into the hot gas zone. The smaller diameter absorption zone limits the area of falling
liquid to the center of the tank leaving an annulus void of the falling slurry available for
gas flow. This arrangement eliminates the need for an inlet bustle and utilizes the anmlus

3 5‘ to provide the gas with a path of low resistance. The falling liquid has an aspirating effect

on the entering gas, thus, promoting gas distribution along the perimeter of the transition.
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against:inlet wetness and solids deposition and to provide anple resistance
to sl ow.downyg gg/4p9dsN€ entering gas, thus allow ng the gas adpgrimes/obisie to
redistribute itself-across the absorber flow area. At an absorber gas
velocity below 12.5 feet per second reasonable gas 10 distortion in the
absorber will not approach the critical failure velocity of the m st

el i m nator. As the gas velocity increases above about 12.5
feet per second and approaches about -5 20 feet per second or nore, the
resistance of the liquid curtain falling off the awning becones

si gni fi can'rhoamb walgw fmeyﬂqtrf@llwr tée cantoyr of:the Fonical tmastltm i Side shiglds may
Several at e.t si stange 0f .1 st by
i nt roducin %RE? ‘ﬂ%b 1an1 sql?#teq;s ?‘%""‘é‘%ﬁ‘ﬁ@e s1de] %?etl%\é@é QS%J té’gﬁlns
the awni ngiJ ge added of 8TEQNEBy CiBabiEC THH Ghodth $Absifbs SaWeal thearlk arld e\ ©
the inlet. See U S. Patents 3,523; 5,558, 818 and 5, 648, 022. Each

of these dahsetmijomezone providesi ieansdo tcmtrahethe gas genﬂgdmt emlyomwtlhe absorber s
parasitic pressure drop caused by the intrusion of the original 2 0
awni ng 3 nt ¥CHAR gas fl ow path These designs, however, added 3 feet to the

height of the AgcordidB e&%@n{tﬁﬁ@seﬂtmtaﬁms%%\xdeetd@t@@&%ﬁ ffect

of the heavy density curt ort wer e
steps in theowengtatgeddtametdramlt sectient! fareretéigingd sthir aloarlamid level in the tank

resi stance, however, in every case the curtain resjstance renmained the
sane. Cons$Q§§¢1P,rﬂjl upper smalhdiamejgrabsprber segpion Whergliquidssahbiag agams is @ingled uat ed
at appr OXI I f _th

reduction & ‘ﬁ{l{é’, % xtl \bﬁ@h ?ﬁ‘?‘jr t egearé t($ 8% %ésogtb% 10% ﬂ% T JRieiansembly

Siti'c reststance Sofber provi
si gni fi@a”&oﬁﬁﬁﬁﬁﬁ 'atttﬁﬂxtﬁﬂgb@mcﬂi?&bawéexﬁ fHeEPafile Sectibf ahd ﬂfe%lfs@rbéf ggetioh fen
inlet wth and Wi t hout awni ng.
closing a gas flow path and a liquid flow path between the tank section and the absorber

section and an inlet housing connected to and communicating with the transition structure
for inlet of flue gas into the transition structure between the tank section and the absorber
section.

15 Another object of the present invention is to provide a low pressure inlet assembly
for an absorber tower which is simple in design, rugged in construction and economical to
manufacture, '

The various features of novelty which characterize the -invention are pointed out
with particularity in the claims annexed to and forming a part of this disclosure. For a

20  better understanding of the invention, its operating advantages and specific objects attained

by its uses, reference is made to the accompanying drawings and descriptive matter in

which a preferred embodiment of the invention is illustrated

25 In the drawings:
Fig. 1 is a partial schematic illustration of an absorber tower according to the prior art;
Fig. 2 is a view similar to Fig. 1 of another absorber tower according to the prior art;
Fig.3 is a schematic side elevational view, partially in section of an absorber tower
accortling to the present invention;
30 Fig.4 isan elevational view of the absorber tower of the present invention;

Fig. 5 is a schematic sectional view taken along line 5-5 of Fig. 4;
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-4- TABLE 1

Conpari son I t Pressure Drop PCT/IBYY/Bd381NO

Awni ng and NG Desi gns* 5 Description Intrusive Awi ng

Non- I ntrusive No Awni ng

Awning 10 Inlet Pressure 4.59 3.50 2.50

Drop (I nch Water) * Inlet velocity about 3,600 feet per
mnute, liquid flux about 60 gpm per <quare feet, absorber velocity
about 15 feet per second. 15 SUMVARY OF THE | NVENTI ON

Fig. 6 is a view similar to Fig. 4 of a prior art absorber tower;

Fig. 7 is a schematic sectional view taken along line 7-7 of Fig. 6;

Fig. 8 is a partial sectional view showing the transition structure of an absorber tower
according to the present invention; and _

5  Fig. 9 is a view similar to Fig. 8 of the transition structure illustrating the inlet assembly

of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to the drawings in particular, the invention embodied in Figs. 3 and 4,
10 comprises an absorber tower generally designated 10 having a lower, relatively large
diameter tank section 20 connected to an upper, relatively smaller diameter absorber
| section 22 by a transition structure 24 which forms a liquid tight and gas tight pathway for
gases and liguids between tank section 20 and absorber section 22.
Consistent with the prior art, tank section 20 contains a slurry made up of absorber
15 liquid, pai’ticles and impurities from the absorption process, rising to a level 26 in tank
section 20, below transition structure 24, As with conventional absorbers in particular, gas
absorbers for de-sulfurizing flue gas, absorber section 22 contains a perforated plate or tray
30 which helps divide uprising flue gas with downfalling liquid to intimately communicate
the two fluids with each other. A plurality, three in the case of Fig. 3, absorber spray
20  headers 32 are spaced at intervals above tray 30 and receive absorbing fluid in the form of
some recycled slurry from tank 20 and fresh absorbing liquid such as limestone or lime
slurry. A primary mist eliminator 34 extends across the internal volume of absorber 22,
above headers 32. An overspray header 36 may be provided above primary mist eliminator
34 and a secondary mist eliminator 38 provided above overspray header 36. Scrubbed gas
25 leaves through an upper gas outlet schematically shown at 40 in Fig. 3.
According to the present invention, flue gas initially enters the absorber tower 10
- through an inlet housing 42 as schematically shown at arrow 44. Inlet housing 42 has an
opening which communicates with transition structure 24 to receive gas 44 into the tower,

and has an aspect ratio of a typical height X to a typical width Y, the height being confined
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The present-invention provides a conbination of an advanced gas inlet with

t he .+ SOWpdd4opggot ecti on agai nst wet/dry zone solids depo®CraBerod3si
reduces the liquid-curtain to the 20 sanme density observed in the inlet
design wi thout an awni ng. The new i nl et does not pronote the
formation of thick high density liquid curtains in the gas path, thus
reduci ng the parasitic pressure drop experienced with awning equi pped
inlets. The new design pl aces the*®nlet in the transition between the
| arge di aneter tank and ‘the small dianeter absorption zone. 25

Successf uto thepheighataf ghe dransitips sprucre: 24 and the widtlo sxtendipg rpartly aroupd she

eval uat ed _cost f 0, Less t han the curtrent designs and
over abouf"@?fﬁwfﬁ%a}e@g%ﬁgéu&g& Oﬁgvéﬁﬁ‘f%{éﬁ E}Fgﬁeﬁ&iﬁ“”?‘m“r‘i?é‘ﬁ'&‘gs ing
desi gn.  which form part offike RAGAPRCydIREIRuULREE fof tWi@p! € for absorbers with
flared tanks. The inlet is | oCated In the transition between the tank
and the absor b&or canttasty Iig. Asillustrates sdapown absoober 3over gendrally mlentifiedas ¥08e t op
plate of the .inlet extends fromabout 1 to about 10 feet beyond the

| oner Pl af"’ét.% IW%“%‘S(!@\@B‘FF 3hsopiopsection, 132 and) trapsigierstrucpire 424.¢ Recyelm&t from
t he backf . ' T soal | eradi ter
absorpti o%@%‘% lf‘lér%’%%’gébﬁg{déﬁ g&;tngp}cp g% P@h&mmﬁ%w g '"?41@ tgghﬁgf of

the tank hRgdiiad42k conaettedso\ead dommubiofted With tHeGipbérdbiorpavméctibh @22 anid
gas flow. This arrangenent eliminates the need for an inlet bustle and

utilizes seideradrom peoblenss of thepripoart geted Bbovgas with a path of |ow

entering gas.  Fi RO oy ABE e PPE ol bRk a0 5 o pmont oy ¢ e

transipi ond, spreads easily around the liquid free annular transition area and is more evenly

D)

U

distributed around the absorption section 22. This is primarily because in the transition
area in the annular space around the absorption section, very little liquid is present, leaving
the gas free to spread quickly and easily around the annulus.

Fig. 7 is a similar view taken from the structure of Fig. 6, however, illustrating

15 how all of the gas inlet through inlet structure 142, is initially confined to one side of the
liquid containing absorption section 142,

The height (X) of the inlet 42 determines the height of the transition 24 and the
angle 25 at which the transition is executed. Transition angles between about 15 to about
90 degrees are possible to use. Steeper angles (less than about 15 degrees) may be used.

20 The width (Y) of the inlet 42 is usually limited to a sector with an about 90 degree apex
angle for structural purposes. Larger inlet width spanning the entire diameter of the
absorber could also be used without or with an intermediate load bearing sections of the
absorber shell to divide the gas inlet into two or more sections as required by mechanical
design.

25 The absence of an awning plate protruding into the gas/liquid stream reduces the
density of the liquid curtain to a thickness comparable to the no awning arrangement, thus
reducing the liguid curtain parasitic pressure drop to the level of the no awning designs.
In addition, the liquid free annulus formed along the perimeter of the tank allows the gas

to spread around at a lower velocity. The sudden reduction in gas velocity will result in
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-5- The side walls of the inlet follows the contour of the ¢&onical

transiti on.@ﬂ;&o@gi el ds may be provided to protect the gdtmbobdzgin -
spl ashi ng, however-, these side shields are expected to be added on a

case by case basis. The snooth transition between the tank and the
absorption zone provides neans to contract the gas gently and evenly into
the absorber 5 section. Accordi ngly, an object of the
present invention is to provide, in an #sorber having a lower |arge
di anmeter tank section for receiving a slurry at a liquid level in the tank

section, ragbveRsTsomewf khedVeNﬁ!?' prestirs expendedsinahe pievichedssigns o Mate prossurei ng

agent is mngled ue gas fromwhich i rp?uriti es are to be
absor bed,reeoveryy ip rexpeaied: asrﬂhetgvaslgetmlgﬂ and hupidified.si Hgwaver; Ahisi gaip s
structure bet.vvee‘g ank Se¢ g&ﬂ d t he absorber section for

cl osi ng FXERC \?fsBaﬁ’ Weé' 80w pat h between the tank section and

the absorber Tpe folﬁﬂﬁhg oaavaﬁtdge%naﬂenieﬁhzémﬁ-ahﬂmecwﬁsﬁ&ﬂ of ¢her 6w inlet
comuni cating with the transition structure for inlet of flue gas

I nt o tshe arrangsmemon structure between the tank sectlon and t he absorber

secti on. Anot.her ct of,.the prese vention.,s t rovi de
a | ow pr essur el \inl elt,ocggg%mexplet Px{ t?n transition section re uce t?:e pressure drop oto thg

inlet by an amount equal to the liquid curtain pressure drop. Additional
pressure drop reduction may be realized as a result of lower gas velocity in
the annulus and better gas distribution.

10 2, Better gas distribution in the absorption zone is needed to maximize the

liquid gas contact and optimize the removal efficiency of the absorber.

3. Minimum height reduction from the overall absorber height of about 2.5 to
about 3 feet. This height is added to accommodate the present awning
design.

15 4, The design is simple and eliminates the need for the external bustle required

by the previous high velocity inlet design.
5. Lowering the spray headers by about 2 to about 3 feet results in a lower

pump power and improves the economy of the absorber design.

6. Reduction in the alioy material used to construct the awning and false
20 bottom.
7. Eliminates or uses smaller side shields will further reduce the use of high

alloy material and promote lower gas velocity in the annulus.
8. Elimination of the bustle is another source of reducing material
requirements and the overall absorber weight.

25 9. The annulus is provided to distribute the gas along the perimeter of the tank
and is expected to provide better gas distribution at the bottom of the
absorption zone.

10.  The aspiration created in the annulus by the effect of the falling liquid shurry
may create a measurable reduction in the absorber resistance.

30 Fig. 8 illustrates one embodiment of the transition structure 24 which may include

an upper ledge or skirt 27 which extends 360° around the lower open end of absorption

SUBSTITUTE SHEET (RULE 26)



for an absorber tower which is sinple in design, rugged in construction and
econom cal t ewo99/40998TRNUT act ur e. The vari ous feab@igm®00is:
novel ty which characterize the invention are pointed out W th
particularity in the clains annexed to and formng a part of this

di scl osure. For a 2 O better understanding of the invention, its

oper ati ng advantages and specific objects attained by its uses,
reference is nade to the acconpanyi ng dr#w ngs and descriptive matter in
whi ch a preferred enbodi ment of the invention is illustrated BRI EF
DESCRI PTI GRctipn 2HE DRAW NGS 25 In the draw ngs: Fig. 1'is a

tial h tee bl fratdon.of bsorb t [ ding to th i
orr o SO ghl, bt Bl ecRoSibon Compigea ieBies Brand Bbrmies inieer
accor di ng housinge4 N L&igeP7textends across'thﬂbggus?% 508 BRbddimeid§ pz%eé/ ati onal

view, partially in section of an absor cording to

t he present i nvWhilegpecific embodimgntsoHfithe inventionvRive beah shovwnvarf ddsbsbedomor ber
tower qf t ef'q.i)re,?ent i nvent i,on‘; ,Fi‘gi. 5 is_a schematic sectional view
t aken % orSF1 o illasteate £ ergpglicagion of the principles of the invention, it will be understood

that the invention may be embodied otherwise without departing from such principles.
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Fig. 6 is aviewsimlar to Fig. 4 of a prior art absorber tower; - " Fig.
7 is a sch dofagsugCt i onal view taken along line 7-7 of Fig. ger/poomesi 9- 8
is a partial secti-onal view showing the transition structure of an absorber
t ower according to the present invention; and 5 Fig. 9is a

view sinmilar to Fig. 8 of the transition structure—-LLliLwr}_g% i nl et
assenbl y of the present invention. DESCRI P OF THE
PREFERRED EMBODI VENT Ref ed®4 ng to tHw mmm rticular,
the invention enbodied in Figs. 3 and 4, 10 conp Hm t ower
general | y designated 10 having a | o@IIAIMS ati vel y largd " s draneter
tank section 20 connected to an upper, relatively snaller dianeter absorber
secti on WHATISICEAIMEDIS:st ructure 24 which forns a liquid tight and gas

tight pathway for ases.and liquids between tank sectjon 20 . and
absorber sectibn 22nan abiorber having a WET %é‘aWFFﬁ tank seghionofor feqeIvingak

SO0ty 1 a0 U (il I 8Vel i Ve R stiich] aBRPREGHaD cjaphe flortBPblckph® 2N

i mpurities omt absorption process, ri
secti gn 2fherediquid scrabbing iagent<is mingled avithiflud\gasirbi WHIBN GMpinGtiesl ara s peber s

in particul ar, gas,
absorbed, the improvement comprising a low pressure drop inlet assembly comprising:
' a transition structure between the tank section and the absorber section for
closing a gas flow path and a liquid flow path between the. tank section and the absorber
section; and

10 - an inlet housing connected to and communicating with the transition
structure for inlet of flue gas into the transition structure between the tank section and the
absorber section.

2. The absorber according to claim 1, the improvement including the transition
structure extending at an angle of about 15 to 90°.

15 3. The absorber according to claim 1 wherein the inlet housing has a height
which is substantially equal to a vertical height of the transition structure and a width which
extends partly around a circumference of the transition structure.

4, The absorber according to claim 3 wherein the width extends up to about
90° to about 180° around the circumference of the absorber section.

20 5. The absorber according to claim 1, further comprising spray means in the
absorption section for spraying slurry partly recycled from the tank section, at least one
perforated tray in the absorption section and at least one mist eliminator above the spray
means in the absorption section.

6. The absorber according to claim 1, further comprising a ledge extending

25 around a lower opening of the absorption section substantially at an upper end of the
transition structure. .

7. The absorber according to claim 1, further comprising spray means in the
absorption section for spraying an alkali liquid partly recycled from the tank section.
8. A method for absorbing contaminants from flue gas utilizing an absorption
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absorbers fer de-sul furizing flue gas, absorber section 22 contains a
perforated pl@besgabgtray 30 which hel ps divide uprisingediiBesapast Wit h
downfalling liquid-'to intimately comunicate the two fluids—wth each

other. Aplurality, three in the case of Fig. 3, absorber
headers 32 are spaced at intervals above tray 30 and “@giﬂﬁ j M‘g
fluid in the form of sone recycl ed slurryfrom

absor.bing liquid such as |inmestone or |4l&e sl urry A primary m st
elimnator 34 extends across the internal volune of absorber 22,

above heatwes having 4n upperrsaplierydiamende section and/a lowe largerdidmetentapk jsedtiony y i st
el i m nat or 34 and. a secondary m st elimnator 38 provided above
oversprayC%aB8P3§F3%ﬂfbbed gas 25 | eaves through an upper gas outl et

schematical ly shown @ﬁm?& resent
invention, flue gas Ini %#y dggE er s ftdheem%ssegtrl%netroatmgpé'%l&qhé&&‘%ﬂ%’p
an inlet bwﬁmngm@amgmhmiﬂoﬁatrhmummloahgarg"awndlﬁqmurph&ibdmemthg 42

has an openi ng which communicates with transition structure 24 to
recei vB ga@mdmbsqrptmschm and has an aspect ratio of a typical

he' ght X to a typi C%kssmgcﬁlﬁ g\e(ls tl{rht?g aenI 1% mPoef-thraﬁso_]H& &f‘lgcture for rising into
the absorption section; and

spraying absorption liquid down onto the gas and in the absorption section.

9. A method according to claim 8, further comprising the step of recycling

10  liquid from the tank section to the absorption section for being sprayed onto the flue gas,
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to the height of the transition structure 24 and the width extending partly

around t he circunference of the transition structure. Fqék 4 _
i |l ustrates WOOOWBrcul ation conduits 46 whi ch f or m pa#GET/AR9PRE
known recycling structure for the slut/§. For contrast, Fig. 6

illustrates a known absorber tower generally identified as 100, 5 wth
| ower tank 120, upper absorption section 122 and transition structure 124.

Recycl i ng ture 146 is also provided for recycling slurry from
tank '120. AccorEs'wécpst he prior art, inlet 142 is connected to and
conmmuni cat es vi?%yﬁggﬂqpper absorption_section 122 and suffers from
probl ens of th rt not ed—abTVE. T==~J FKig. S5illustrates how
gas enters through inlet strﬁ@ture 42 in the transitiol structure 10 24,
spreads easily around the |iquteeLree annul ar transi+4¥dn area and is nore
evenly distributed aroynd the abSorpiTon section|22. This is
primarily because in the transition —- ared in the gnnul ar space around
the absorption section, veryl{litttTE™T qui¥_i%s p‘reéen\t, | eavi ng t he

gas free to spread quickly and feasily around the annuTts.
Fig. 7is asimlar view takdn!fromthe s ‘ [
illustrating 15 how al|l of {the gas inle
initially confined to one sidejof the
section 142. THel hei ght ( X)
hei ght of the transition 24 3 F t he \\he transition
is executed. Transition angl € » 90 degrees
are possible to use. Steeper N Bee\ees) may be
used. 20 The width (Y) of ' o{d sector

wi th an about 90 degree ap pur poses. Larger
inlet wdth spanning the or ber coul d al so
be used without or with a ons of ‘the

however,
cture 142, is
absorption

BMler mi nes t he

e diéNELer of the
i nternedi at§ | oad bear}

FIG.2. T

PRIOR ART
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absorber shell to divide the gas inlet into two or nore sections as

requi red by ﬂﬁf desi gn. 25 The absencBCHIBIZMAIHINI ng
pl at e protruding |nto the gas/liquid gygeam reduces the density of
the liquid curtain to a thickness conparable to the no awni ng arrangenent,
t hus reducing the liquid curtain parasitic pressure drop to the

| evel of the no awni ng designs. In addition, the liquid free annul us
formed al ong the perinmeter of the tank allows the gas to spread
around at a | ower velocity. The sudden reduction in gas velocity wll

result in recovery of sone of the velocity pressure
expended in the previous designs. Mre pressure recovery is expected
as the gas is cooled and hum difi ed. FFET E;hls gainis experi enced
also in the current inlet designs. (E; The follomnng advant ages are
realized fromthe application of the new inlet

40
38
_______ |______/_——36
-------------- 10
34—’-yIIIT[IA(I VA A A A /‘
" —i};:=32
32-\'{ __________ 12
] .
30 42
‘ - —
44
24 -l X
1
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{
25 1
4/—20
|
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5 arrangenent : 1. Locating the inlet in the transi fion
section reduces the pressure drop of the ctARHlooddy an
anount eqm*‘?’ﬂ’%e liquid curtain Pygssure drop. Additi onar

pressure drop reduction may be realized as a result of |ower gas velocit

in t he annul us and better gas distribution. 10 .

2. Better gas distribution in the absorption zone is needed to naxim ze
t he |l iquid gas contact and optim ze the renoval
efficiency of the absorber. 3. M ni mum hei ght reduction
fromthe overall absorber height of about 2.5 to ' about
3 feet. This height is added to accommodate the present awni ng

design. 15 4, The desiFEI(E;s' | e and elimnates the need for
t he external bustle required . by the previous high
velocity inlet design. 5. Lowering the spray headers by
about 2 to about 3 feet results in a | ower punp power
and i nproves the econony of t n. )

Reduction in the alloy materyal used to constrixt the awning and fal se 20
bott om 7. El i mnates or uses shgller side shields wl
further reduce the use of high alloy material and
pronote | ower gas vel ocifty 1n the annul us. 40 El i mi nation
of the bustle is anothe source of reducing material

requi renents and the ovgrall absorber weight. 25 9. The
annulus is provided to distribute the gas along the i meter of the tank

and is expected to provijde better gas distribution af the bottom of the

~

are
L)

{-*—.24

20 | \46
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absor ptiron zone. 10. The aspiration created in the annul us
by the effe 4 falling liquid slurry PCT/IB39/0@38Eat e
a neasurablng§%h@%?on in the absorbegsgesistance. 3 0 Fig. 8
illustrates one enbodi nent of the transition structure 24 which may incl ude
an upper |edge or skirt 27 which extends 360[err] around the |ower open end

of absorption -9-
section 22. ig. 9is acircunferentially offset position
conpared to Fi gRlGLB:I ustrates it ous\ng 4 .22Ledge 27 extends
across inlet housing 42 in the empddi ment of Fig. 9. " Wile

speci fic enbodi nents of the inveghtio . 8d described in 5

detail to illustrate the appli j g the invention, it
wi || be understood t hat &t herwi se w t hout
departing from such principl/es

2
LIQUID FLOW
AREA 2
1 42
FIG.7 .
PRIOR ART
122
120
LIQUID FLOW

AREA

1 T \__142
GAS
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CLAI M5 VWHAT IS CLAIMED | S: 1. In an absorbef having a
| oner | arge di ame%er tank section for receiving a sl upraadyswssi qui d
level in tHE%4#R8section, an upper §%aller di anet er absorber section 5
where |iquid scrubbing agent is ninaled with flue gas fromwhich inpurities
are to be absorbed, the inprovenent conprising a | ow pressure drop

I nl et assenbly conpri sing: a transition structure

bet ween the tank section and the absorber section for closing a gas
flow path and a liquid flow path between the tank section and the absorber
section; and 10 i, el NhOUSi Ng connected to and

comuni cating with the transition Ffl(gggtsucture for inlet of flue gas
into the transition structure betmg*a Egastank section and the

absor ber section. 2. 9 sorber according to claim1, the
| mprovenent including the transition

-

124

\146
20 |

-
C
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structure’ extending at an angl e of about 15 to 90[err]. 15 3.
The absor berweggmegsng to claim 1l wherein the inlet housing h&srmmesieuagnt
which is substantially equal to a vergifeal height of the transition

structure and a wi dth which extends partly around a circunference of
the transition structure. 4. The absorber according to
claim3 wherein the mﬁdtﬂﬁ$ up to about 90[err] to about
180[err] around the circ E(E:EE; of the absorber section. 20 5.

The absorber according to claim1, furtherconprising spray neans in the
absorption section for spraying slurry parft
section, at |east one perforated ppaylli n the absorption section and

at |east one mst eliminator above the spr;11 neanslin t he absorption

section. 6. The absorber #icording to ctaim1, further
conprising a | edge extending 25 around a i

section substantially at an upper end of /al $ ,ON structure.
[ther cogpri's sSpray neans in

7. The absorber according to claiml,

t he absorption section for sprayi ng ansal kal I qugd partly recycled
fromthe tank section. 811' 0q for @bsorbing

contam nants from fl ue gas ut|I|zQ4

20
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ABSORBERS
(57) Abstract

A high velocity absorber (10) has a lower larger diameter tank
section (20) for receiving a slumry at a liquid level (26) in the tank
section (20), an upper smaller diameter absorber section (22) where
liquid scrubbing agent is mingled with flue gas (44) from which
impurities are to be absorbed, and g low pressure drop inlet assembly
having a transition structure (24) ‘between the tank section (20) and
the absorber section (22) for closing a gas flow path and a liquid flow
path between the tank section (20) and the absorber section (22). An
inlet housing (42) is connected to and communicates with the transition
structure (24) for inlet of flue gas (44) into ¢he transition structure (24)
between the tank section (20) and the absorber section (22).

(54) Title: LOW PRESSURE DROP INLET DESIGN TO PROMOTE GOOD GAS FLOW PATTERNS IN HIGH VELOCITY
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