| SPI RAL NOZZLE BACKGROUND OF THE I NVENTION Field of the Invention 5 The
present invention relates to a spiral nozzle. Priority is clainmed on
Japanese Patent Application No2003-168247, filed June 12, 2003, the
content of which is incorporated herein by reference. Description of

Rel ated Art 10 The flue gas, which is dijscharged, for exanple, fromthe
boiler of a thermal power plant using coal as fuel, contains a sulfur
conponent. Increasing environnment 8PIRALINEOZIZEE i n recent years, renoval of
t he sul fur conponent contained in the flue gas is required, and

desul furization equipment is therefore installed in thermal power plants
and the like. As is well known, three processes: a wet process, a dry

process, and a sem -dry pr r -H%ﬁg inthis

desul furi zation equipnent.géﬁﬁﬁﬁgg%ﬁp%?gg?ggggégéés, desul furization

equi pnment using the wet process sprays droplets of an al kaline solution
cont ai ni ngFieldl dithgrinveatitfonate into the flue gas, to thereby neutralize the
sul fur component of the flue gas with the al kaline conponent, and at the
sane tisme absorbhd presswifventicorgesaota spiralt doezldr opl et s of al kal i ne
solution, and thus renove the sulfur conponent fromthe flue gas. 20 A

hol | ow cone, f uplio9REelaPhedSd Japhnel@Palest A?plflﬁﬁ@iﬁNbYO@@?QSjm, fifed June 12,
desul furization equiprment to spray droplets of the al kaline solution. O

these, thwgﬁ%!cgg %F&F\&ﬁiﬁh%ﬁ%ﬁ@rpoéapedﬂe%n b%lg]g {1@&. conprises a spray

gui de 100 ormed 1ha I'X converg owards its own centra

axis L, and a support part 200 which is forned integral with one end of
t he non-convergi ng side of the spray guide 100, and fornmed with a conduit
port 210 25 for passing an alkaline solution. FIG 2 is a view of the

spi ral nozZ2¢ssripnoFpRelatedArseen from

10 The flue gas, which is discharged, for example, from the boiler of a thermal power
plant using coal as fuel, contains a sulfur component. Increasing environmental awareness
in recent years, removal of the sulfur component contained in the flue gas is required, and
desulfurization equipment is therefore installed in thermal power plants and the like. Asis
well known, three processes: a wet process, a dry process, and a semi-dry process, are

15  generally used in this desulfurization equipment. Of these three processes, desulfurization
equipment using the wet process sprays droplets of an alkaline solution containing calcium
carbonate into the flue gas, to thereby neutralize the sulfur component of the flue gas with
the alkaline component, and at the same time absorb the sulfur component in the droplets
of alkaline solution, and thus remove the sulfur component from the flue gas.

20 A hollow cone, full cone, or spiral nozzle is normally used in the desulfurization
equipment to spray droplets of the alkaline solution. Of these, the spiral nozzle as shown
in FIGS. 1 and 2, comprises a spray guide 100 which is formed in a helix converging
towards its own central axis L, and a support part 200 which is formed integral with one
end of the non-converging side of the spray guide 100, and formed with a conduit port 210

25  for passing an alkaline solution. FIG. 2 is a view of the spiral nozzle in FIG. I as seen from



2 the left horizontal direction. The spray guide 100 is formed in three
coil parts 110, 120, and 130 connected in the central axis L direction, in
other words, in a three-tiered coil structure. The bottom faces of the
coil parts 110, 120, and 130 (the faces towards the non-converging side)
are 5 forned as liquid inpingenent faces 111, 121, and 131, which are set
so that the angle of each with respect to the central axis L differs. The
entirety @fec RAMIAEDSa] dicddtidni Mpi ngenent  faces 111, 121, and 131 is set at
a fixed angle with respect to the central axis L. The support part 200 is

formed integral w.th one. of o] Fit 10 Lhel30 MRhESed W th
one end on the ‘ﬁFB%ﬁééFgﬂggqé?%Qﬁgﬁp?thgﬁﬂﬁiégdPagkﬁoo, an g f?ange 300
is 10 formed integral with iits, owm end (bottomepd.in F|G and FIG 2).
The spi r athteaprbadshidigeiay 11 ﬂ‘hFW"grdﬁ’a‘Hr(ﬁ‘etgreie“s“eF?({:%(H, {?BJC r%‘uJBBEf g‘%ﬂ’ i ce

(not shown in drawi ngs) which supplies an alkaline solution to the spiral
nozzl e at facepoétetaeilmarned!0.p8sadr B0 (B facesupyeids ts ranecopyereing sidd %%epar at e
fromthe spiral nozzle and having through holes 410 penetrated by bolts or

screwss MgseneRaqiduid Rhpigenders &RpO1 11, pb Rtaad i3 gRIcAZ6: des sd Bhaf Grermedlead t he
support plate 400, and as shown in the drawi ng, the support plate fl ange

420 ~and teggl%ltﬂ?&%gﬁggtl'%rc%n{rﬂiﬂ% Weef). 3{2‘.{&?@15 Oolaé'h‘élhtlﬁ'é%q%‘i@%ihg@ﬁ@ﬁe 400

is fixed to e su evice wmth the b , thus fiXxing the spiral
nozzl e to the ppl.y devjce. Moreover, .the spra ide 100.. the support
par t 200,fﬂﬁﬂliﬁé%ﬂbﬁﬁgghééémﬁ¥é WS&H@HES?“HE§EF§W%§E%%?E@?g rL'to prevent
corrosion by the al kaline solution. Furthernore, plaféfc IS gagﬁ.for t he
support 20 pl atléesopportprit 204 wiformed integral withione epg pf desep p2 » I RENET
al kaline solution is supplied to the spiral nozzle fromthe supply device
at a predet@dsriwigtonerend sunle; ndrheonakigalg side efoheitprangide tbdrged flapgad 4he
supply device is supplied to the spray guide 100 via the conduit port 210.
The aljlsal if5gn &tk AWitH e own end (bottom end in FIG. 1 and FIG. 2).
The spiral nozzle configured in this manner is fixed to a supply device (not shown
in drawings) which supplies an alkaline solution to the spiral nozzle at a predetermined
pressure, by a support plate 400 formed separate from the spiral nozzle and having through
holes 410 penetrated by bolts or screws. More specifically, a support plate flange 420 is
15  formed on the support plate 400, and as shown in the drawing, the support plate flange 420
and the flange 300 are joined with adhesive, and the support plate 400 1s fixed to the supply
device with the bolts 500, thus fixing the spiral nozzle to the supply device. Moreover, the
spray guide 100, the support part 200, and the flange 300 are formed of a ceramic material
to prevent corrosion by the alkaline solution. Furthermore, plastic is used for the support
20  plate 400, and metal is used for the bolts 500.
When the alkaline solution is supplied to the spiral nozzle from the supply device
at a predetermined pressure, the alkaline solution discharged from the supply device 1s
supplied to the spray guide 100 via the conduit port 210. The alkaline solution then

impinges on the liquid impingement faces 111, 121, and 131, thus forming fine droplets

25  which are sprayed to the outside.



i npi nges on the liquid inpingenent faces 111, 121, and 131, thus formng
fine droplets 25 which are sprayed to the outside. 3 FIG 3 shows
schematically the distribution pattern (hereafter referred to as the
"spray pattern') in a plane perpendicular to the central axis L, of the

al kaline solution sprayed fromthe spisal nozzle. As shown in this

drawi ng, the alkaline solutionis distributed in three concentric circles.

This is due to g $ o%seﬂéﬂﬁichﬂgtwétﬂgu@orﬁpét@heerefdaﬁeeﬁf@r&jdl10aﬁ fhct ur e
as expl ai ned above, erein the three coil parts 110. 120, and 130 havi ng

the liquid inpingenent faces 111.. 12 ' |,ned each
at di ffer%’ﬁ'{‘?}%%% ina P%ﬁelaﬁ?%%&aréﬁéﬁg %ﬁﬁgﬁaﬁgﬁt gﬁﬁpﬁ%ﬁagﬁﬁ ée(J;]1ﬁt1lisdnnor mal | y
used in this technical field, and the_ng 'S r%%' s_useq here refers to
an aggr egaptieped Bemdne ppiEa §orEG A SAOHAM @Irgéa‘g Nge efg‘%‘f’? ¢y Ranpl e, a
fewmllinmeters. For details of the aforenmentioned technol ogy, refer to
Pat ent dodigménited in thikaganeseridnestesril hisds $at @rthe fppy geideil6 haypg 8t
Publ i cati on No. Sho 63-111954), Patent docunent 2 (Japanese Unexan ned

Pat ent 5 ApphLgkie@Roil Brigthre? é&tgxaofa@ﬁéd%om whdedin GreaRklThil paand]l Ra0ednd
docurent 3 (US 2,804, 341). 15 However, as expl ai ned above, since the coil

parts 110, 0,. and ,130. hay. IQuidbip esd Iklined &th agtnd
131, each l?ﬁg’f"l"ﬁ%(rt}walfqudcll %%?%%ﬁ&e{r%{egg?ﬂtlzg’ﬁdngtggg%%c%gnnect(lion gft e Aaof t he
coil part 110 and the coil part 120 and a connection site B of the coi

part 120 &HEFreMeénglssi part 130, there is naturally formed an inclined face

“a' connecting the liquid inpingenment faces 111 and 121, and an {ncl,ined
face “b' connect‘Spipytgwedd’ iagdi ro0patiept BErclsENS nerEadly used ingtht ti‘élil}cakfg?lﬁat i on
of these inclined faces "a' and "b' results in an increase in the overal
| engt h of zhlehesipini Spray0az beed liencreéas o dggesgatioiof dropletsetagimiga particle size
10 of, for example, a few millimeters.
For details of the aforementioned technology, refer to Patent document 1
(Japanese Unexamined Patent Application, First Publication No. Sho 63-111954), Patent
document 2 (Japanese Unexamined Patent Application, First Publication No. Hei 9-571535),
and Patent document 3 (US 2,804,341).
15 However, as explained above, since the coil parts 110, 120, and 130 have the
liquid impingement faces 111, 121, and 131, each inclined at different angles, then at a
connection site A of the coil part 110 and the coil part 120 and a connection site B of the
coil part 120 and the coil part 130, there is naturally formed an inclined face ‘a’ connecting
the liquid impingement faces 111 and 121, and an inclined face *b’ connecting the liquid
20  impingement faces 121 and 131. Formation of these inclined faces ‘a’ and ‘b’ results in an
increase in the overall length of the spiral nozzle, increasing the amount of material
required for formation of the spiral nozzle, and inviting an increase in manufacturing costs.
As explained above, since the spiral nozzle is formed of a ceramic material, even a small

increase in the amount of material results in a particular increase in manufacturing cost.

25  Moreover, an increase in the overall length of the nozzle results in a reduction in the



required for formation of the spiral nozzle, and inviting an increase in
manuf acturing costs. As explai ned above, since the spiral nozzle is forned

of a ceramic material, even a small increase in the anount of material
results in a particular increase in manufacturing cost. 25 Moreover, an
increase in the overall length of the ngzzle results in a reduction in the

4 nunber able to be inserted in the furnace for firing, an increase in

def ects dugmber Mk k@BSRsertadnd the fPMEe qoeting, uh ikeéast NCd&age dudito collapse,
manuf acturing cost. Furthernore, as shown in FIG 3, the spray pattern of

thi's tYPe 08 o $BhicaleORALS ihea i HhBHLRRRb Rolihr ee concentric circl es.

Theref ore spray p erns al an occur nafurally 5 to connect the

i ndi vi dual concentric spray, patte in order to e reth t i_ndi.vi dual
concentric spr a? UFAFRE sasépgwﬁﬁhhr%&o .SpWéJaélﬁFbgfstB§$¥%erﬂgpggﬁnc’&ﬁ@ B |
occur due to the inclined faces "a' and "b', and the overall spray pattern
becones nemimiited in s concanvac cipdewr ThemiereotrranratiSpra) Jpabl Gcoy nafurally bl .
In other words, the flowrate of the alkaline solution sprayed fromthe

spi r al 5 noz@ kenrest the ¢adiliduilnoneasedsprangattdmes Surdetrto ensmpothanthedadiviiOalno
| onger be uniformy renmoved fromthe flue gas. Mreover, since between

about 1, Oggn&%ﬂlgs(fggygﬂéfrﬁrﬂsa%r% @Qﬁt?élu%%. Ofpd %Hréy HaHREn B 18andH1 Ve BESel 1B hehe

desul furi zation e ere1s also problemin that the cost of the
desul furi zati on .equi pnent,, bec s _extrenel y high. Additionall hown in
PGS, 1 aniimet e 11 dhgce 360 HRa el Supare oo 8o Bk B oo
joined with adhesive. Therefore in some_environnents the ad egi Vi I

det er i or aveeurregice bf thespproguiemsiad pndplalr eBserrwk. the flop @i thpalkaling g
nozzle. If the life of the spiral nozzle is reduced, the spiral nozzle
must be r eplusioadpegehfrvinbe sgirad nohae oty iofreasedpanactberewliyy dompohers can
increased, so that the maintenance cost of the desulfurization equipment

i's ingpeasgdonger be uniformly removed from the flue gas.

Moreover, since between about 1,000 and 2,000 spiral nozzles of this type are
provided in the desulfurization equipment, there is also a problem in that the cost of the
desulfurization equipment becomes extremely high.

Additionally, as shown in FIGS. 1 and 2, the flange 300 and the support plate 400

15  are currently joined with adhesive. Therefore in some environments the adhesive
deteriorates, with the possibility of a reduction in life of the spiral nozzle. If the life of the
spiral nozzle is reduced, the spiral nozzle must be replaced each time, and the number of
replacements is thus increased, so that the maintenance cost of the desulfurization
equipment is increased.

20 The present invention takes into consideration the aforementioned problems, with
an object of addressing the following points: (1) uniform treatment by uniform spraying of
the solution; (2) a reduction in the manufacturing cost of the spiral nozzle by reducing the
amount of material forming the spiral nozzle, and the length of the spiral nozzle; (3) a

reduction in the manufacturing cost of the equipment incorporating the spiral nozzle by

25  reducing the number of installed spiral nozzles; and (4) a reduction in the maintenance cost



20 The present invention takes into consideration the aforenmentioned
problenms, with an object of addressing the followi ng points: (1) uniform
treatment by uniformspraying of the solution; (2) a reduction in the
manuf acturi ng cost of the spiral nozzle by reducing the anount of materi al
formng the spiral nozzle, and the |length of the spiral nozzle; (3) a
reduction in the manuf acturi ng cost of the equi pnment incorporating the

spiral noaghge BfigRehG GO hE helpiBEo-ok @%eglhlngqhénw&*tpggg@] f§zz18Nd

(4) a reductl on nten nce cost b of equi pnent rporating
the spiral nozzle by extendl ng the life of the spiral nozzle. SUWARY OF
THE I NVENTION I'n order to achieve the aforenentioned objects, the present

invention adopts as a 5 first neans a configuration where, in a spiral
nozzl e which sprays dropl et SSBMMARV({QFJHE ENTE@Nay guide formed in a
hel i x converging towards its own central axis, the spray guide has a

| i qui d i nmpi ngemdntordace achietd uhedfoaimalti@hediebjemj ihegreaaglieventibh ad@specd to
the central axis so that a distribution pattern of the liquid in a plane

per pendi cujaf mEQﬁtaQ%nﬁgﬁ'rtaflah wifeSil assgn‘apnc;ﬁ?e \L}gﬁm&fﬁy@drﬁﬁkﬁiﬂf aslnﬁ’lﬁpfror;)o As

a second neans there 1S adopted a figuration where, ih I'Tst neans,
the di strlbutlong$ ttern of,

ui d has iral g e t
appr oxi Py et TepRidn® rehy Sorve bty Bun En PR Lé“ apa%? §
configuration where, in either one of the first and second neans,
surface oras Rdiagihirngemans fagr incliged tiperredrtenpinid anels wits ﬁé@?qtut@wewyntaal 15
surface of a rotating body obtained by rotating an arc having a o
pr edet er maneckorthatiadistribtition paepecttht bquitién g plane pérpaxdisulas the famtmal dxismsans
there is adopted a configuration where, in the third means the
predet er mipegt foReli dfS spfral @8pe.t han 2, 000mM

10 As a second means there is adopted a configuration where, in the first means, the
distribution pattern of the liquid has a spiral shape winding at approximately equal spaced
pitch.

As a third means there is adopted a configuration where, in either one of the first
and second means, a surface on the central axis side of the spray guide is specified by a

15  surface of a rotating body obtained by rotating an arc having a predetermined radius with
respect to the central axis.

As a fourth means there is adopted a configuration where, in the third means the
predetermined radius is less than 2,000mm.
As a fifth means there is adopted a configuration where, in a spiral nozzle having

20  aspray guide formed in a helix converging towards its own central axis, and a support part
formed integral with an other end of the spray guide and in which is formed a conduit port
for passing a liquid, and which sprays droplets of a liquid from the spray guide, a corner
being a site of connection of the spray guide and the support part and a site of the start of

the spray guide, is formed along an arc having a predetermined radius.

25 As a sixth means there is adopted a configuration where, in the fifth means the



As a fifth nmeans there is adopted a configuration where, in a spiral nozzle
having 20 a spray guide fornmed in a helix converging towards its own
central axis, and a support part formed integral with an other end of the
spray guide and in which is formed a conduit port for passing a |iquid,
and which sprays droplets of a liquid fr§n1the spray guide, a corner being
a site of connection of the spray guide and the support part and a site of

the start ﬁ%ﬁet?a nécﬂ)FaQi}z’uggng%terhﬁmfﬂxﬁEd al ong an arc having a

pr edet er m I us. a sixth neans there is adopted a configuration
where, in the fifth neans the 6 predeterm ned radi us . is greater a nm
he o sevent h eahsa SHERE MR d0E ST R oh Wik e bRte! SRRt he
fifth and sixth neans has a flange forned integral with the support part
and f or medand fxh means ighe Henasdomned ingaeeal paietbe suerProRarbsld ormeed ¥éthews. 5 As
an eighth neans there is adopted a configuration where, in any one of the
first throwoglphdevsnhit arepanstratet bytoiponsmews.are formed of the same ceranmc
material. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a front view of a

spiral snozzl e acgopdlLpfintRefQMUSOIS é&@?ﬂed?a%ﬁﬂ%u@ﬂbfn whif@, fil diy ohelo$ 1t fhisde
view fromthe left of “the spiral nozzie in FI 1. FIG 3 iS5 a draw ng

showi ng a ra attern accerding to. caonventi | . technalogy.  -EIG 4 is a
front vi ewtbrek BEMEmaS: ot eonpdnes 18 W5l e im ABIGNERY br esent
invention. 15 FIG 5 is a side viewfromthe left of the spiral nozzle in
FIG 4. FIG 6 is a drawing showing a spray pattern according to the one
enbodi nent of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a front view of a spiral nozzle according to conventional technology.
10 FIG. 2 is a side view from the left of the spiral nozzle in FIG. 1.
FIG. 3 is a drawing showing a spray pattern according to conventional
technology.
FIG. 4 is a front view of a spiral nozzle according to one embodiment of the
present invention.
15 FIG. 5 is a side view from the left of the spiral nozzle in FIG. 4.
FIG. 6 is a drawing showing a spray pattern according to the one embodiment of
the present invention.
FIG. 7 is a drawing showing a spray pattern according to another embodiment of
the present invention.
20
DETAILED DESCRIPTION OF THE INVENTION
The following explains one embodiment of a spiral nozzle of the present
invention, with reference to the drawings.
FIG. 4 is a front view of the spiral nozzle according to this embodiment, and FIG.

25  5isaside view from the left of the spiral nozzle in FIG. 4. As shown in these drawings, the



FIG 7 is a drawing show ng a spray pattern according to another enbodi nent
of the present invention. 20 DETAILED DESCRI PTI ON OF THE | NVENTI ON The

fol | ow ng expl ains one enmbodi ment of a spiral nozzle of the present
invention, with reference to the drawings. FIG 4 is a front view of the
spiral nozzle according to this enbodinment, and FIG 25 5 is a side view
fromthe left of the spiral nozzle in FIG_ 4. As shown in these draw ngs,
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guide 1 forne X converging towards its own central axis L, a

support part. 2 forned.,integral wth gne. end - :

non- conver ﬁ‘ﬁéog}’ﬁ@%ﬂmﬁ'?@g%Pﬁ'}? GUTY&E™TE L u&jg?rﬁpgﬁgg%{g%atlhggrra% wyghong o
passi ng an al kaline solution, and a flange 3 fornmed integral wth o end
of the supﬁ@dr(_the@ag@)rqntbeowmﬁf@ﬂgiSIﬂﬁOﬁ?f@SW e @dgggaéP'il WP hese
conmponents being formed integral. Al conponents of this spiral nozzle
(the sprayfogpisdimghn aikwdine s@pbor, apdatlafige B fmtmeti entégrahgih g)e endraf thaouppert
integral. Moreover they are forned of the sane fired ceramc material (for

exanpl &, SizS Gotloth HAARFIG04 BASEIG JUIBH thédelowfponerss Belngdrmed iniegrkial i ne
solution. The spray guide | conprises a single three-coil wnding with its

own bottomface 10 (the. fa I ' I
Tauid | !ua%wga@enﬁé%@ﬁas R T AR A AN R GRS R
central axis L specified for each part. r the angle of. the .ligquid

ol ngermorire FEmEdanleqial MOBSELY §ra HEmEGH, baFaas Pt e e iy 8t or e
between a |ine of intersection of a plane including the central axis L and
the |iqui dexampla e infade to EIlS‘;Ul‘%lf}l@rag’I]iéY when esed it angalkaline sefuen ¢ he
converging side 1 (tip side) of the spray guide 1). 15 Each part of the

l'i qui d i npi ngemertie §ppegulde DEorhireses pisingle thoezdodl vandimgdvitigits @vit hestqee &sent

10 (the face towards the base side) being formed as a liquid impingement face 1] and having
an angle with respect to the central axis L specified for each part. Here, the angle of the
liquid impingement face 11 with respect to the central axis L is the angle formed between a
line of intersection of a plane including the central axis L and the liquid impingement face
11, and the tip central axis L side (the converging side 1 (tip side) of the spray guide 1).

15  Each part of the liquid impingement face 11 of the spiral nozzle according to the present
invention is inclined at a predetermined angle to ensure that a spray pattern having a spiral
shape with approximately equal pitch as shown in FIG. 6 is obtained. More specifically, as
shown in the drawing, a liquid impingement face }1a at a start portion of the spray guide |
is formed so that its angle A with the central axis L is 90, and an angle B between a

20  mid-part 11b of the first coil and a mid-part 11¢ of the first coil is 89°. Furthermore, to
ensure that the angle for from the mid-part 11¢c of the first coil to the end of the third coil
varies continuously, the liquid impingement face 11 is inclined with respect to the central
axis L so that; an angle C at a mid-part 11d of the second coil is 60°, an angle D ata
mid-part 11e of the third coil is 45°, an angle E at a mid-part 11f of the third coil is 26", and

25  an angle F at the end of the third coil (1ip of the spray guide 1) is 20°, and thus a spray



invention is inclined at a predeterm ned angle to ensure that a spray
pattern having a spiral shape with approximately equal pitch as shown in
FIG 6 is obtained. Mre specifically, as shown in the drawing, a liquid

i npi ngenent face 1 | a at a start portion of the spray guide I is fornmed
so that its angle Awith the central axigs L is 90, and an angle B between a
20 md-part 11 b of the first coil and a md-part 11 ¢ of the first coil is

89. Furt hejiBehavt s%'ﬂ%llﬂf% £ batdih @t%;agéﬁmfa@ny EqRanpiditasthéwnas Fidl & of
the first ‘coil tot e end o the t coil wvaries continuously, the
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so that; par &' s8¢on an angle D

at a nld part e of the third coi|l is 45 a gle E at_ a rt 11 f
of the tmrﬁ@ru&ef lheusgnaé@hal%@nwnﬁwgafﬁoraﬁbq genter gy g’ﬁaﬁéﬁgh crspseson mﬁrlaéo 3%. |

(tip of the spray guide 1) is 20, and thus a spray 8 pattern having a
spiral shapd S\Mrartﬂusng)m:thapptsmdeerndtﬂe(rydleqn%l pitch as shown in FIG 6 is
obt ai ned. The spiral shape winding has an inside end S and an outside end

E, andsthe radipisfophiriafiBe Lidehapiglenpaeiifngg theodmglheitk eRpedt 191igr adual |y
i ncreases fron13%§ |n;%de ﬁgﬁ%%s (radlusp?l)ﬂt% thegout5|de end E (radius
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to the central "axis |ngenent ace I1°to ensure

spray pattern has a, sp hape, e e. of Uld.l ment face
11 is gradaps %l%@]ﬁﬁ? h%ﬁéwlf@ﬁ%?ﬁaf Ldﬂ%f?%@ﬁ& EOPUHEDTENTFE ax <
L. The inclined faces "a' and 'b' of the conventional Elral nozzle as
shown in PEvigSrespecatrthe centenl akis Lef Drednelinedtfagased andnb’ ¢k the somsnyera) spirdly
possible 10 to formthe spiral nozzle of the present invention with a

conpar at i welzylessahdwrinduesS. Ofand Batetheafore kbt foomed,, antl fta s tanseqiéhtlyrposhble
central axis L side of the spray guide | is specified by the surface of a

body qf rqy¥ebitt RRpRRALRLARG e frodedt inten@dh Witk aQbmipagiively 3RRIIMEMNNt bf
material. -

Moreover, the face 12 on the central axis L side of the spray guide 1 is specified
by the surface of a body of revolution obtained by rotating an arc of radius 500 mm with
respect to the central axis L. Consequently the face 12 on the centrai axis L side of the

15  spray guide 1 forms a curved surface expanded outwards. Therefore the space enclosed
within the spray guide 1 increases, enabling supply of a larger volume of alkaline solution
to the spray guide 1, and the spraying of a larger volume of alkaline solution from a single
spiral nozzle than is conventionally the case.

Consequently a reduction in the number of spiral nozzles installed in the

20  desulfurization equipment is possible, enabling a reduction in the manufacturing cost of
the desulfurization equipment.

Preferably the face 12 on the central axis L side of the spray guide 1 is specified
by the surface of a body of revolution obtained by rotating an arc having a radius within a
range of greater than the diameter of the conduit port 21, and less than 2,000 mm.

25 This is because, if the face 12 on the central axis L side of the spray guide 1 is



respect to the central axis L. Consequently the face 12 on the central axis
L side of the 15 spray guide 1 forns a curved surface expanded outwards.
Therefore the space enclosed wthin the spray guide 1 increases, enabling
supply of a | arger volune of alkaline solution to the spray guide 1, and
the spraying of a larger volune of alka@ ne solution froma single spira
nozzle than is conventionally the case. "Consequently a reduction in the

nunber of gggll@{i Rg%%lrf%ée Mﬁ@iv!meé(ﬂhttdﬁeotﬁé}n&%yHtmrigza%tair@ﬁla%& RARRL S

possi bl e, a reduction’in the manufacturing cost of
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R A i R s e e

revol ution obtained by rotating an arc haying. a radius within range of
great er t HhfsprAE edidgres et formedh & ueheranare. If)@ﬁglazllt?terdﬁlfﬂr é%thﬁh%{ﬁh%%ggﬂmn
25 This is because, if the face 12 on the central axis L side of the spray
gui de 1 i spfit 3paafifdied ldngtiaingbe tacr! afis & drdyondf thesplapighcn 1eBnadthed by
rotating an arc having a radius greater than 2,000 mm a curved surface

suf fi cisent, b0 60 95€i1debRhO8IMBOUGBToMRHE® W dlidd). the spray guide 1 is
not formeclr.n Furthernore, if the dianmeter is I'ess than that of the conduit

port 21, sufficient le h in tk . i Lr i y
gui de | cannot C@%%#?P @15, Sﬁ%ﬁggﬁge?é%ﬁﬁgﬁg%P%?§E% lt?%ld?if(l)er gr#}?ﬂﬁe%ﬁr ay
guide 1. A corner C, being the site of cannpectiopn of the .ay,quide | and
the suppor4 anshihe sito ofihg stareofdhe Pray e .4 eS@P(Plﬁém%‘? %f‘ffg‘aﬂy égml ﬁ"é
fornmed along an arc of radius 4 mm This corner C becones a_ stress
concent r atdapnerr® beamestuetres heonatietion cegion whewthei alkaling pelubien sgupplkd t8pr ay
guide | at a predeterm ned pressure. By formng this conmer C along an are
of 10 radiwys sﬁ,@?guid@el st @e&eterafindiepréisape rBethrménathis cogneal dlog gemeof n t he
t

durability of e spiral nozzle.
10 radius 4mm, the stress can be dispersed, enabling an increase in the durability of the spiral
nozzle.

Furthermore, as explained above, when the face 12 on the central axis L side of
the spray guide 1 is formed along an arc of a predetermined radius, the wall of the spray
guide 1 is thin. However even in this case, forming the corner C along an arc of a

15  predetermined radius enables sufficient durability to be obtained.

The corner C may be formed along an arc of a radius greater than 3mm. If the
corner C is formed along an arc of a radius of less than 3mm, the stress loading on the
corner C increases, and sufficient durability cannot be expected.

Moreover, through holes 31 are formed in the flange 3 for penetration of bolts (or

20  screws) 5 to fasten together the spiral nozzle and a supply device (not shown in the
drawings) which supplies the alkaline solution to the spiral nozzle at a predetermined
pressure.

Direct formation of through holes 31 in the flange 3 in this manner eliminates the

need for the support plate 400 as shown in FIGS. 1 and 2, and thus the spiral nozzle can be

25  readily formed. Furthermore, since joining of the flange 420 formed in the support plate



Furthernore, as expl ai ned above, when the face 12 on the central axis L
side of the spray guide 1 is forned along an arc of a predeterm ned
radius, the wall of the spray guide | is thin. However even in this case,
formng the corner C along an arc of a 15 predeterm ned radi us enabl es
sufficient durability to be obtained. The corner C may be forned along an
arc of a radius greater than 3mm If the corner Cis forned along an arc

of a radiW@O%Bdkﬁ§§mﬁ£@00%ﬂﬁ?mﬂ@ﬁy§Eﬁﬁﬂ%n@Q%@&%@n?ﬂeHﬂﬁanQﬁﬂ%baﬁbfme
i ncreases, and sufficCient durability canndot be expected. Moreover, through

holes 31 are forped in the.flange.3 f enetration of . hol.ts r..2

Sorews) 5 opEerRet up Sy i o RESC B pdheREDS phAuieiih i BRI ab Bece o
shown in the draw ngs) which supplies the alkaline solution to the spiral
nozzl e at nazge awsthersranded. thyesdvging tpipasenpyerasts Shthsrdespfwizghiomol es 31
in the flange 3 in this manner elimnates the need for the support plate
400 as shegmprmenEl GS. 1 and 2, and thus the spiral nozzle can be 25 readily
formed. Furthernore, since joining of the flange 420 forned in the support

plate 30 400 andvkheint haadte A0 LRupsRRSH IR dpfralfod-RNGRF0RAGE SIAE Y,
reduction in lifespan of the spiral nozzle due to deterioration of the

adhesive is_eli nated t I Lral e nded,
thus r eaudinget PR Reaalet s apheRshlng® g8k Pupe BRERG MRS 1GHE"S
Wien the al kaline solution is supplied to the spiral nqQzzle configuyred in
this mani@P IughiERESRIpRRNGIag PR Sedjauid HP@BE?‘B?%%?Fédﬁ;fﬁJéE%EWéY, Biis I
al kaline solution is forned into liquid droplets by inpinging on the
li qui d i npndgepmypafterodating agpiralsbappwigding atdpproximaiely equalpital ipaditaisedh
having a spiral shape wi nding at approxi mately equal pitch is obtained.
Consequent |y, i ICopeequantls omcovipdrisoh evithothe eoliventiahal spiralalozrie zalieh whi ch

10  distributes the spray pattern in three concentric circles as shown in FI1G. 3, the alkaline

solution can be distributed more uniformly, thus enabling an improvement in the

desulfurization effect.

EXAMPLE

15 Liquid was supplied at a pressure of 0.03MPa to a spiral nozzle according to the
aforementioned embodiment, having an overall length of 200 mm, a length in the direction
of the central axis L of the spray guide 1 of 145 mm, a diameter of the support part of 120
mm, and a diameter of the conduit port 21 of 100 mm, with the face 12 on the central axis
side of the spray guide 1 specified by the surface of a body of revolution obtained by

20  rotation of an arc of a radius of 500 mm with respect to the central axis L, a corner C
formed along an arc of a radius of 4mm, and formed of Si-SiC having a modulus of
elasticity of the overall body of 360 GPa, and a Poisson's ratio of 0.19. In this case, the
flow rate of the liquid sprayed from the spiral nozzle was 2,800 L/min, and the stress
loading on the cormner C was 30MPa.

25



10 distributes the spray pattern in three concentric circles as shown in
FIG 3, the alkaline solution can be distributed nore uniformy, thus
enabling an inprovenent in the desulfurization effect. EXAMPLE 15 Liquid
was supplied at a pressure of 0.03MPa to a spiral nozzle according to the
af orenenti oned enbodi ment, having an ongaII | ength of 200 nm a length in
the direction of the central axis L of the spray guide 1 of 145 nm a

di ameter of the support part ofolfo\rAMVERE €] ameter of the conduit port
21 of 100 mm with the face 12 on the central axis side of the spray guide

1 specified by the surface.of a bo of . revol utj i o 0\Yi rotation
of an arc of ar Oqoagra%,f BY Wﬁﬁ?wpﬁi'ﬁdla%%%:é@r? éf@ﬁ%%ﬁt? Egﬂllgxqoégf, a
corner C forned along an arc of a radius of 4nm _and forned of f@ﬁ i.C
havi ng a rsaeldirg srthe spragniienal {echrolpgs haviag anvegtyensth @Iéfg‘a@*a;a gthgn
Poisson's ratio of 0.19. In this case, the flowrate of the liquid sprayed
fromthe shédakctivozadltee sagalyp80D of theispray andiet]vd 180 mes.s didroetei efghosupppe
corner C was 30MPa. 25 Il COVWPARATI VE EXAMPLE I n contrast, liquid was

suppl i gd ﬁﬁanaofpfﬁ)slﬁHf, éndh dRn&rMPehd @nduis Pbﬂ‘t@h o 08¢ hn, viache didced 2tan thbe
conventional technol ogy, having an overall length of 250 mm a length in

the directio f .the ceptral axis L_of. i a
di anet er o“fe”{}ﬁga’%ﬁ'g‘ééf SB?P' TAo) 11?gc;§%ﬁ%g§]@é %X{?Igghg?géd)g%fr% ﬁ@u@(ﬁndui t
port 21 of 100 mm with the face 12 on the central axis, side of Eﬂhr%@pray

gui de 1 spdiainpddy Bytationola sirasghe lige wathystReeyp hetaiat Pdnl- HRT e
rotation of a straight line with respect to the central axis L, a corner C
formed alaomg amamraf aoghdias pH2limss, aofl rmad ohBidSICohaving onogiluspicelpaisithgt a
nodul us of elasticity of

the overall body of 360 GPa, and a Poisson's ratio of 0.19. In this case, the flow rate of the

10 liquid sprayed from the spiral nozzle was 2,000L/min, and the stress loading on the corner
C was 38 MPa.

In this way it was demonstrated that the flow rate of the sprayed liquid can be
increased in comparison to the spiral nozzle according to conventional technology, and the
stress loading on the corner C can be reduced.

15 A preferred embodiment according to the present invention has been described
above with reference to the appended drawings. However it is naturally not restricted to
the example of the present invention. The various shapes and assembly and the like of the
components illustrated in the aforementioned example relate to a single example, and may
be variously changed based on design requirements, provided they remain within the scope

20  of the gist of the present invention.

For example, in the aforementioned embodiment the spiral nozzle is described as
being installed in desulfurization equipment. However it is not restricted to this
application, and may also be installed in dust settling equipment, and in gas cooling

equipment. In such cases, the spiral nozzle need not be formed of a ceramic material.

25 FIG. 7 is a drawing showing a spray pattern according to another embodiment of



t he overall body of 360 GPa, and a Poisson's ratio of 0.1 9. In this case,
the flowrate of the 10 liquid sprayed fromthe spiral nozzle was
2,000L/mn, and the stress |oading on the corner C was 38 MPa. In this way
it was denonstrated that the flow rate of the sprayed |liquid can be
increased in conmparison to the spiral npzzle according to conventional
technol ogy, and the stress |loading on the corner C can be reduced. 15 A

pref er r ed (giBesini B lenf6c Otthe §ork P phifedn BROSE B FIQ16eiHeiradiub aftheepitaldbssy | bed
above with reference to the appended drawi ngs. However it is naturally not

restricted,; h&{lﬁyﬁ% E?é% %B e?ﬁ)géra&\ﬁi‘ﬁ REESLAL £l Vl‘ﬁ@‘iﬁs‘? nEI'EetovtﬂE b?ﬂﬁie%ﬁ@@es and

assenbly an onents Il Tustrat e orenenti oned
exanple relate to S|n | e ex be var.i usl. based on
ool on r eqUEPEHAS(6: S5FoRA toh Ry ki g e sie! Sees E%aneg Fhe gi st
of the present invention. For exanple, in the aforenmenti oned enbodi nent the

spiral nozmleemost ale¥tEi Hdd radius plethadnrien spisdl Manding Sdesiiom kg centsrd
equi prent. However it is not restricted to this application, and may also

be i nssal |geghualy thiséaseLtrbhith@ineigidicpdSnt theypwint M (gaBuscgoln aghtrasguiepnent . | n
such cases, the spiral nozzle need not be forned of a ceramic material. 25

1 Cio "t he il HONRRG BB ARTAY BALLR | R1RCE Of il Al ChrBOH Bthgenbod! ment

of 12 the present I nven spray pattern s omm I t he
radius of the spiral shape w nding fromthe center 0 gradually increases
fromthe iowaraestane MsEtip netemied: budE 1epiglerably pewesmd g%s%nd e g’%ﬂ‘rﬁy pattern
showmn in FIG 7 has an inner spiral wwinding S-Mand an outernost arc ME.

The radi ugrétbrablieteneater siE1E 8lis béndeng2S-Mdfyiem t he center 0 5 gradual Iy
increases fromthe inside end Sto the point M(radius r). In contrast, the

gug}ar ,[nﬁSt arc N lﬁu?%b@dﬁ%? RR4s8 kﬂeymﬁa'rb%hﬁﬂéry o@qﬂle%rffy ardy) ﬁascaeﬁmtaf)@heafi‘ngl e

10 acomplete circle, it is easy to arrange a plurality of the spray nozzles so as to obtain a
uniform spray density.

As explained above, according to the present invention, the spiral nozzle sprays
liquid in droplets from the spray guide formed in a helix converging towards its own
central axis L, and the spray guide has a liquid impingement face inclined at a

15  predetermined angle so that the liquid distribution pattern in a plane perpendicular to the
central axis L forms a spiral shape, and thus the liquid is sprayed uniformly, enabling

uniform treatment.



outernost are WEis not limted, but it is preferably between 180 and 360.
More preferably, the center angle O is between 225 and 315. In this
enbodi ment, because the outer periphery of the spray area has a shape near
10 a conplete circle, it is easy to arrange a plurality of the spray
nozzles so as to obtain a uniformspray; density. As expl ai ned above,
according to the present invention, the spiral nozzle sprays |liquid in
dropl ets fywam;t hgis@ray guide formed in a helix converging towards its own
central axis L, and the spray guide has a liquid inpingenment face inclined
at a 15 predeterm ned angle so that the liquid distribution pattern in a
pl ane perpendicular to the central axis L forns a spiral shape, and thus
the liquid is sprayed uniformy, enablin niformtreatnent. 1 at (i s
claimed ish 1. A spra QPZZrl\fbgji F@aff'é‘lg%é(ﬁﬂl%{?gﬁ@ﬂﬂ'r‘lgp‘foélflglsﬂ’fg aaSW?ycﬁH“g‘f fonfd
conprising a spray guide formed in a helix converging towards its own
central axha helikeomiengisgtaivags dyoyuiccarahasisawvhérgu sdidspraysuidpchas it liquit e
inclined at a predeterm ned angle with respect to said central axis so that
a di st 5i bypipreRRhi RENinefindrdid fplrécﬁtéinﬂiﬂeﬂ adglplvanerepecpendideuhtaal akis sb et
central axis is in the form of a spiral shape. 2. A spiral nozzle

according to._.claim iN:.sai Sl I he ; hgui d
has a spi raaqqs%lh‘gtboen R/J\hilﬁﬁgq%ggp 1@3%&33#%%%Fﬁﬁlggggﬁfﬂi%ggéehéﬁgﬁlgﬁmg@ fgﬁgpi ral
nozzl e according to claim1, wherein a surface on the central axis side of
sai d spray!gdrys! $haPspecified by a surface of a rotating body obtained by
rotating an arc having a predetermned radius with respect to said central
axis. 15

2. A spiral nozzle according to claim 1, wherein said distribution pattern of the

10 liquid has a spiral shape winding at approximately equal spaced pitch.

3. A spiral nozzle according to claim 1, wherein a surface on the central axis side of
said spray guide is specified by a surface of a rotating body obtained by rotating an arc
having a predetermined radius with respect to said central axis.

15
4. A spiral nozzle according to claim 3, wherein said predetermined radius is less

than 2,000 mm.

5. A spiral nozzle having a spray guide formed in a hehx converging at one end

20  towards its own central axis, and a support part formed integral with an other end of said
spray guide and in which is formed a conduit port for passing a liquid, and which sprays
droplets of a liquid from said spray guide, wherein a comer being a site of connection of
said spray guide and said support part and a site of the start of said spray guide, is formed

along an arc having a predetermined radius.



4. A spiral nozzle according to claim3, wherein said predeterm ned radius
is less than 2,000 nm 5. A spiral nozzle having a spray guide fornmed in a
hel i x converging at one end 20 towards its own central axis, and a support
part formed integral with an other end of said spray guide and in which is
formed a conduit port for passing a liquid, and which sprays droplets of a
liquid fromsaid spray guide, wherein a corner being a site of connection
of said gpray guipda) @dlesRESdSHNBRIAMBakvhe@ithadl pleli@e@hintdRdalsad fre@br sai d
spray guide, is formed along an arc having a predeterm ned radius. 25 14
6. A spi r?}; or%zl e according to claim5, wherein said predeterm ned radius
is greate ¥Fran's nm 7. A spiral nozzle according to claimb5, having a
flange forned integral with said 5 support part and formed with through

hol es that are penetrated by bolts or screws. 8. A spiral nozzle according
toclaim1 or 5 wherein all conponents are formed of the same ceramc

mat eri al . 710 9. Afspipl nezlewzeldangiosdrini hatiog elfkings fororedSnteglabweh saidhe
distribution pattern of said liquid in a plane perpendicular to the
centrad axigportSpariarldTerrh&l Withfthrdugiphslad that d¥e pepdtraddd hialsolRror strener spiral

wi ndi ng and an outernost arc, the radius of the inner spiral w nding from
the central axis gradually increases froman inside end toward the
outernost are, the outernost are has a substantially constant radius, and

an centr alS. angl % s%firaf r?c?zz?euéc%cr)rré?nsgt toa}:rlagml lsorn?,rw eré:lig ahr}:%pnp%ggﬂts are formed of

the same ceramic material.

10 9. A spiral nozzle according to claim 1 or 5, wherein the distribution pattern of said
liquid in a plane perpendicular to the central axis is in the form of a spiral, the spiral has an
inner spiral winding and an outermost are, the radius of the inner spiral winding from the
central axis gradually increases from an inside end toward the outermost arc, the outermost

arc has a substantially constant radius, and an central angle of the outermost arc is more

15  than 180°.



