;’e3e, *n6Tr P*166166* rf |, re«eiefe AUG 2002 Description Method for varying the
swrling novenent of a fluid in the swirl chanber of a nozzle, and a nozzle

system 5 The inventio a nmethod for varying the L r
novenent of a fluid i’mmulm’mmmwmchanﬁerl of a nozzle, and tg\Ma Anl!)ﬂ;%ﬂgz
system for carrying out the nethod. 10 Such nozzles are used, in
particul ar, PascHdR&EpPPRal burners, oil burners and systens for washing flue
gas and for the spray-drying of foodstuffs. It is frequently desired to be
able to vary the 15 atom zation characteristic when atomi zing liguids with
the aid of sWPFROHofPFeyaing Her sl el 19| RPVGEREE Phe dridptis} z& of the
spray producedebywyalychgmbbe eifr gunbereat i ahdspeadz¢3wl BlysBgmnovenent or
swirl conponent) of The fluid in the swirl chamber. It is 20 inportant here
that the tircunferential speed can be varied independently of the liquid

t hroughput, @hd aiseettddnt heskatss nadead hetunder take vechany calhe

variation ats&pglggzzle. Sg- alged ;gélhiretugﬁ ng%zkﬁs ﬁg ass quzles) 25
constitute a°Variant. "WERTHheSe rbzA%S the ?qU| isdrfectedt @
tangenti al | ynpatbet hersiv tb chanberlandydrtainnefoof fecdotyhirfa oout heehwozzl e
outl et openipg ﬂgﬁ_through a return-flow opening on the mddle of the axis.
This portion o? the liquid throughput is I ed back 30 again into the liquid
reservoi¥0 Byughr yigrglidwe Beeurwnsedt e,in hpaktqaidathr oughpoduaticinli s

atom zed canpfenkep! 69AStAMne Al t DRYOR Lheninlely speedi f Ebgel igwi d into
the swrl chaq?er can be varied and thereby adjusted to the swirl” intensity

and, consequdht| §Or t BRS5SPRRY ddbpigdaPt t {ood el B Sadvant age of this
solution consists in the necessity of conducting liquid in a circuit. The

control rangp, of; the, spl Il r PV 00221 e 5 'be " ab1e® 1ot O¥P20%ic
15 atomization characteristic when atomizing ligquids with

the aid of swirl nozzles. It is possible to influence

the drop size of the spray produced by varying the
circumferential speed (swirling movement or swirl
component) of the fluid in the swirl chamber. It is
20 important here that the circumferential speed can be
varied independently of the liquid throughput, and also
that there is no need to undertake mechanical variation
at the nozzle.
So-called spill-return nozzles (bypass nozzles)
25 constitute a variant. With these nozzles, the liguid is
directed tangentially into the swirl chamber and
drained off both from the nozzle outlet opening and
through a return-flow opening on the middle of the
axis. This portion of the liquid throughput is led back
30 again into the liquid reservoir. By varying the return
rate, the 1liquid throughput which is atomized can be
kept constant, although the inlet speed of the liquid
into the swirl chamber can be wvaried and thereby
adjusted to the swirl intensity and, consequently, to
35 the drop quality. The disadvantage of this solution
consists in the necessity of conducting liquid in a

circuit. The control range of the spill-return nozzles

LT ——

*G00002*



R ]
i s bounded bel ow. There is a subsltanti al variation in the jet angle over
the desired control range. Also known are so-called "dupl ex,’ P‘Oéﬁ e§"
89% | 33 iand US-A 2,628,867), whi dh are used for atom zing 5 §
nozzles hive a swirl chanber intg which 2he fuel is introduced via a
plurality of tangential feed channels, and is set rotating about an axis.

The nozzles gan Htﬁtfﬁiéiifﬁetent amess- SBSt hoBabssHiEages alr e Gonpgct i ng
point to the wirl cha and }.Fe 10 ta gent i al feed channel s are

connect ed t o 8&paFht 87E @doé’ﬁﬁd& delsﬁt,r& SPEtté& i it89%ne of the feed
condui ts i nshdsot k@onoz zre @3&5.\/1&]6& 'whlp:]fex Snd)zma'lnﬂj am- ¢ umel i op3 of t he

pil ot pressu gPrgsent in e er f ed condwt ermts the. feed of a
| ar ger fuel %g qug%t‘:&tyb %Q 8 gdvan age of " The" ﬁpl eX no¥ B 1 Lsi des

chiefly im t heelact Thiratnadmhedmieph erwarl onhymaelrl minted wiosdi bitkéty of
regul ation apg-¢onty o] ;Wi gh-1$ EU%CH!%%E‘: r{#‘ oP 't%hg%‘h%%%‘ir?eﬁécfsem or
e

throughput. US-A 4,796, 815 describes ‘a ad for a han
shower in theheaselss wangh ime Sﬁéonfﬁga%‘tl@r ok | 1 ntdFelducedd a two

tangential apdz&vnesr adirdlhHNaNgelBetOLO BroWsLLeePaBh]T, st Faliegh &
rotatable bal] is also |ocated, as well. The water feed in the_nozzle head

I may be vari BO®byCTRIMREE PRI aP D tadf Gst FRG @“eidnt CRATBRTcar?®é ddttuat ed by

hand; eithercahgenaial tokat chatmetlheatren@emhlealteeihmnelafpaeratlentf@etdwe
radial channels.is or the radjal and ta % ntlgﬁe hann S .are only

s gover ecd i
partial ly coV@PRE Coy f Pl SHPERET paPt.r r?éjear% y r?’é]ar‘i*s1 %t these
30 possi bl e & ude neites. Thezdiesatvard agelme twhsclspriay hpadedorss stss in

that for thecguipose of 9ERE! 431 dLLEELARL SprdvAat LE nend he adiusting

el enment is arranged inside the swrl s varies the inlet
surfaces of f¢rdt gogehtital and m‘mltschelhﬁel@e%@ﬂ'hlas ooy Hegd is

essentiald y dhdht ey in T}te appdd Sainh éoctfne t3RNI tnagh 1felxel @toleEe%Ea 36 080
C2 has discl osed a method for varying e circunferen E‘Pg conponent

ot the swrlTFEEAFsS CQQ@NDEWSI—‘E?I’ 2§t TRIS 2689Y- %ﬁnﬂl SHEYhe

outlet from canlsw al hdRzted h@‘as@gbalswlospaegumethoa p:hwt akbhy rofl

tangenti al ed Ilnes Tile entire erlal fl ow_of UId |s subdl vi ded
into at |eas ‘t('ah bt o%u CF%OBet rtgatposspbﬂ L AR ﬁlrtehep 51585 6f at

| east one su@ilr@mhﬂihte SUBFRots 78be 81.8d deﬁ;tccflbﬁe ttargjeengal hé¢aedfeonduits

of the sw rl; spaRg-nkial SHlwadvant ageous.ddabrt hgiaehi gyabk acepphgol range
depends on the number of the feed conduits, the result bejng g rise in the

outlay of prfthf¥i &hMori® hd MEEFANEATesVIRt (Y wWFaRIRBRER DI gB"CAl t hough
rotational syadietlry Harrheld | omds achisanved, t:hememt,r olinr ange&chenmai ns

narrow. The k OV}{] briozzb%fl floé é dUS%I’I al %ur ners_ veT}t1 hewgtégdygggage t hat

t he burner ou st be” kept “constan ecause ot herwi s& undesired 15
pol | ut ant emr53|tdn¢s ooezle i hepdr tingyl ape wheat itefek thmouglap@t pP§ vani ed.

Remedy b8 freausiling fouagb thh APl WAl bd Yaf ud¥o2E 188 hhha ek Denppssi bl e
to achi eve optimum condi tions only for one operating case. th the known

nozzl e systetrl&? USREET n 9Pty - RGP nGhea DI idh sFRRPDEHSt i9Fe BRE2 to 3

hours is redd edadian swhhaheng Pioducdserede mv\dehepreddcad damding t he
start-up ti e, cannhat be rgltased and_nust b rec§8 gé?nth COI’ISI derabl e

outlay. Mor ST s FHETRELS bl Fo i1 uen ¥i ons° TR The product
qual ity andDifferent spray patterhs are obtained by means of these

30 possible adjustments. %The disadvantage of this spray
head consists in that for the purpose of generating
different spray patterns the adjusting element is
arranged inside the swirl chamber, and this wvaries the
inlet surfaces of the tangential and radial channels.

35 This shower head ig essentially limited in its
application to the sanftary field.

DE 39 36 080 C2 has disclosed a method for varying the
circumferential speed component of the swirl flow of a
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25 product specification during the operation of production with the aid of
the known nozzle systems. The reason for these disadvantages iH &hg}G36h
swist| nozzles is their limted and/or inadequate control range. 30 It was
the object of the invention to create -ar inproved nethod for varying the
swirling novenent of a fluid in the swirl chanber of a nozzle which renders
it possible ftouhd abl e o @pEereadt ef Bomozzke1wilt oz z2Medé 236 repnd r ok1 rANgE

and, in the gcess, . 1,0 achieve .as .far.as passihl C rabl e 0
quality (rrea%)arggp% |%hrre?erplﬁ\7l‘—jﬂlj§:ﬁ§ S%E%angfnﬁlﬁleil é%’g@g%—l a g@llfg drop
di stributi onpntirkamatertielsdyowo ofr édtce fPossi bid isuhebl widdsgi gt @ablite to
control the yeagedigp diafalAls | N CONUNCHON:HTD Boconstanthyolupetric

flow, or to keep the drop spectrum constant In_ 5 conjunction with

control | i'ng Pheafoll@fstts i | DWW IR ai T ssaPEboYD aFgatfé@h 9t bt nozzl e
system for thengehpese ofe&dr radrgh e bhe tmt hegdi Accepdiceg tort hes

i nvention, th ogj(%c i s _achi e\{\%d by 10 neans of the features specified in
dainms 1 and?1B2IEBPFRYBOHTI nd "Fhr i A€ r eFFAERERDSE of CPREFrop Sret hod
are specifi edepan@babns thet guilnbe AdViant lagepeisdr ebndetrent, s tofe trhwesulazz| e
system are the. sybj ect tter of . Cai 19 to,.32,._ 15 The proposed..net hod
for subdi vi dlpﬁlgﬁghegsu%ﬁ%wsmové—’rhet aﬁlgqg%??'al Ogeepdr%éo%c u}?lg ?I(s:hdtd}ef fer In
their cridss-gegtlienakWishr faaceisiat comercbnnecye ngApbhrtigho ndte tsiwinrg 1

chamber, it LR Lhe sasepthaty ypoe suaqgi visipn 20.0f.the, spbfl ows over
nore than t\/\%ﬁbangegt iﬁ eed codr?gu?tss, t leé cr O'SS-SgCtCI:OI’Ia:T surfaa?%s are
fornmed from ¥HB230HM ofafFever oddisedtiVtinl RYFFERR®s HPTt hd fREF edridui t s

whi ch branchh@fhefsomae fBSPRGIHa®asitibkow hand thie suiBe ot dltgut
cross-sectional, surfaces at the 25 connecting point tq the swrl, ctgianber of
the respectiU&SSub?T olECR hered @i f f & 4 Exds A eﬁ{WEﬁﬁED“é’;g@E‘:'fre

15 pollutant emissions occur, in particular when the
throughput is varied. Remedy is frequently found with a
plurality of nozzles, it being possible to achieve
optimum conditions only for one operating case.

With the known nozzle systems used in spray-drying, a

20 system start-up time of 2 to 3 hours is required when
switching products. The powder produced during the
start-up time cannot be reused, and must be recycled
with considerable outlay. Moreover, it 1s not possible
to influence wvariations in the product quality and

25 product specification during the operation of
production with the aid of the known nozzle systems.
The reason for these disadvantages in the known swirl
nozzles is their limited and/or inadequate control
range.

30
It was the object of the invention to create an
improved method for varying the swirling movement of a
fluid in the swirl chamber of a nozzle which renders it
possible to be able to operate a nozzle with a wide

35 control range and, in the process, to achieve as far as

possible a comparable drop quality (mean drop diameter

AMENDED SHEET



~r - 4 14 AUG 2002 different cross-sectional surfaces. It is the
cross-sectional surfaces at the inlet of the liquid into the A {b nber
(cdnnect'ing point of the feed conduit and sw rl chanber) whi dh% ahldG
decisive, since 5 the circunferential™ sppeed at the periphery of the swirl
chanber is faxeéd dtop hid poirttut idnit he @ian i st High s rlta ntersitey for a
fine drop s C nl.ar g uhf] I to the
feed condui Ffz&ﬁn%# 1ét%/éeét EZ g%larf%s%gclzrgost? sggﬁpgﬁ mg V\ﬁ]@%/)]?clg%gjgrsa

| nt er medi at € VAHTIUERT call b FEMNGHAThusUSIY . aThE gishpindst VRRyIeF 1 1c

i nfluencing the,thredghpyt eked sqblfel ovyhtcsp t ospiser Auval ¥ensihge ot her obj ect
for which the met hod. may be applied i malntalnasemHCc SW_I

intensity at®Vhebutidt ‘r"i‘BPn f?“ttﬁé)lslvh”rg{ Ehantet VTEL iR st dte, Tpﬁe ratio
of the sum ofint hes cabse sectirenak surdfaceslef ridwe:feedy conduids whech are
affected mﬁJ}ﬁj d cagje Qd thee SLgp cg t he cross-sectional surfaces
of the feed dui t R affec e part load case is to be 20
selected to be at Ieast as h| gh as the deS|red ratio of the vol urretrlc
flows in thecases of {4l thtoqqtvewtle%rt ét@@d bIQetpwsncacmlee@d S, T |

control according tg the invention can app? d during atom zation of

li qui ds!95 i adisngPe- ddpohentuand @@?l?lléi@@rrpbher‘rtlaﬁ@‘?zl bsand which either

the liquid @roﬁrféepgﬁﬁamg botdy aire prPélfﬂﬁQmé\hEB ao@l r e ergrip e gpeed in
plication is performed.in such a _way that the nethod is

t he nozzl e.

appl i ed botﬁwfgtgf ?betﬁgeFﬂﬁﬁﬁé o théagas or t% 30 - bo@¢Wa‘Qa9%P%%erefore
possi bl e t o refhleeree st vg dmep rualliet syist diher easehof s ol e -reopoanent
nozzl es mnthgu%lgh nghgg thgzlqu|d t hroughput/gas throughput ratio. The
pur pose for which the I|qU| i's atom zed is not inportant here. The

“atomi zation can be perfornmed, for 35 exanple, for subsequent drying of a

suspensi on ir et NE- Py dOWRE r hEOWRKET . \{Hd 18 Al PRSSLhLe 1 bRsatRmze oil
whi ch, as custonmary with burners, 1Is burnt at tthe nozzle outlet. However,

the fluid cARNEFE51Bé a GRI TRPEAMASE | sWihbedi bide ffisth milt i §Ih§3€onponent

nozzl es, trésAUs6c2083a1r Sﬁrf%@éeat:h@h@a&ohlﬁelaﬁ.a‘t/ﬂgd@@ﬂt\ﬂtt lhoa t$d I
conponent in or I’dlqer to,.atom.ze |Ilﬂ_éql d.. However F %as can dﬁl so .be provided
qui

with a swirPYebapSheRPSit HdutPHiE pridsendds of PP ar & YPfid “Case of
gas burner sowhi che opertdilews wotarr esireultatinront wn tth:elgﬂrcu mltyfekdt he

nozzl e outl et 4fipal | x,he' tcfo%soeeecqlo%atlo | e thee PELRPRLA! ¢ afcordi ng

to the invention wth the sSpill-return nmetho I n order to permt a further
wi deni ng of tPRe At PSI tlghg 8T NPt HeAbaPNapr ayiickdfiqfy of the feed

conduits which branch off from the respective subflow,
and the sums of the cross-sectional surfaces at the
25 connecting point to the swirl chamber of the respective

subflows therefore differ, leads to

AMENDED SHEET



10 systens, the use of return flow nozzles is precluded for quite different
reasons. In the case of these systens, it has previously beeq 4‘%9@02 to
opgratewith a prescribed nozzle geonetry. The frequent changes in the
product therefore necessitated a new selhection 15 of the nozzle system and,
because of the change of nozzle required, the systemhad to be run up and
run down. The new. systemenders. |1 popsible, ko.adapt during operation, and
it is even p033|ebl e to carry outCcontTol ofi ng £6° cont 1 nuous“neasurenent of
the product Q@srar@vwiienrsl Varirdeicers ah tie prodett phr diet eddawhidch
resul t fromyeay Qlflet%1%Zz&ﬁaﬁﬁgrbe(dcﬁ%@cgcqr%utp&vﬂ BFCaIAi Rbiyme, and

the service |ife of the spray tower can be prolonged thereby. In the case
of using th&areitt i ®Rdi mviie f FBREDEE) oi Whidhbasei ieCifiicEessSit8Cg5

achi evedsi n tgperatiigh M dedhta W ded ORdaf apge Pt fomd - her rehsr Bwhibne and
W t hout varyi rggnqthe et angl e in conjunction with a virtually chhﬁnged
drop size. THIFTDET |1RnEe&Eh&tertlotti POABSs dif (¥ eAtPr & Shetat PAG syst em
and the serwwdell i fietending baider,asi itke i ndtbe 3peaseuwf flwuctuating
heat requir nts there is _no_need to inplenment_ frequent ruynning up and

r unni ng domﬁ%% Stsﬁgybu?%erqfﬁgem%lﬂ%d S%%cfgro i n%f)glol%t(ﬁeg?n\tl%ln igﬁei@:an al so
be successf glonduappl i edjichn ldrwee cade obmgasebur nersssande851coal aoudt

bur ner s, o chigbly | Ry grder torhpflence;Lhe shapgsof the bunner flage. In

the case of the application o%)p%he rnvention to fuel atom zation In

t ur bi nes, acPB&EOVEONSLY -di fHher ertitaplastt | iRy el r etk eenainendebed
possible. |tnhdughphtd M & 20041016 iHeeessAy 4 ovadapt e foeher
atom zation in aircraft turbjnes because of different |oad requirenents
(1 aunch perpba,eCﬁorFrar fYRYAE) OFe bl of™ f PEr eRPPLORBusET on™©
conditions (hheatdensia yspneh £0Pe8itl onnekndatky war yae adturat | oromf
altitude). IS 1. s _nowpossi bl ewhen appl ying the nmethod accordi ng . to

t hei nveﬁ%i o-rg. Rt rervﬁle‘/%"gi)?red\l\gpsgﬁsl i ochas&o‘n tfe]‘hee ﬁ%tfh%dggd ‘e eusnllgn of
t he nozzl esoénerige wirthisn seheficamwoskofatcde 6l |tOw nfeedempiradyits

ebodi ment s, f0LA Lhe assaclaleds df AW 10U el Nonse 3 BRAZLAAGRRKdINg to
the invention ina three-dinensional gla rammati c ,
repr esent at P&n, MQYuFERSHoRECAIPBAGI t Ul FRdeSelfi od nfagBorqfaitteMit h t he

line A-A | nyhiigHr éate 15firgte3shows @héd onpgirttudipall seadd oasi Nto  be

accordancewith the.line B-B in Figure 1, Figure4sho a _bottom.view of the
nozzl eaé]%act?SEaﬁESg WPt HeFF‘éuaga - %Hﬁh caog\/fat?ﬁl gég,l (?%i grt?rté’:‘fsr?\(,)%ws a
circuit di aghamvbonmstbdivitdbng tiheftlhei dafdemwdforf ulie lwezz laadr epr@sent ed
inFigure 1, gyreéshows a further variant enbodi nent of anozzle, in an

expl oded reEr esentation of two25different views, Fi gure7shows the swirl
nmember of tHABenoPFLBCiRAEcoFanc® i} h FPRLFel 6, APEOFEBRBowsCa i@ her

swirl nmenbeginteht @Bon0zahe Yd i A5801 sdnger vhé habbgus et 6o306iEgurieRshpns t he
top vi v% of ,a swirl. menber in anenl rggd rg)r esent atiton, Fi?%lir elOlelows a
sectiorfin &Bcof HAALR TWWERCRRRE | i 7eA- AAPHP S gt Y S ot A 65y

9G Fi gurellshows aitheruthedilagnam bar thengzzl erhdwithgadsewprangedt i al f eed
condui ts, Fi 12sho i cuit .disagr r no e L ngf ourtangenti al
QLR 3 \(A,(ir%uﬁﬁg(\r%$j%_l _ s?;!_‘é fn gﬁé Hé&%?&. The

feed conduits, and 4 . Igure 13 shows a circuit diagram
for a furthePPyaesahenefBodeménrmedr i rrAl ea gy nghabutheangémodal feed

conduits. s applied both [sic] to the liquid or the gas or to
30 both. It is therefore possible to influence the drop
quality in the case of double-component nozzles withodt

changing the 1liquid throughput/gas throughput ratio.

The purpose for which the liquid 1s atomized 1s not

important here. The étomization can be performed, for

35 example, for subsequent drying of a suspension in the

dry tower. However, it is also possible to atomize oil

which, as customary with burners, 1s burnt at the

nozzle outlet. However, the fluid can also be a gas.

This case is possible with multiple-component nozzles,



The nozzle represented in Figure 1 conprises 5 the nozzle body 1 and the
cover plate or nozzle plate 2 arranged at the outlet end of §hg lpﬂ;zghq:z
Arrfanged in the nozzle body 1 above the swirl chanber 3 are two fee 1 nes
5a and 5b which are mutually spaced in-tdfie-axial direction and whose inl et
openings are offset by 10 90. The feed lines 5a and 5b run horizontally at
a spacing fr e zl | at e : penings, o f j and 5b
are connect egm\t/eitrtaé sglgér gt%es?l ?%eg%éj,v-gg%tog g%gntsar a%wl[?ﬁe C%gr%f (?r' etZegﬁng t he
total fluid PFE®RTFGY FrREOFEZ8) 11Aufided Ry erl ishe ngefperdt el mtbe15 t he
line 10. A vak¥e;delds WittOPALAd @snportait 1@ cimierhd npotheshines whi ch
branches off _fromthe line 10 and is connected to the feed |ine 5b.

Repr esent at i OA9Hf ddet T | < Mof Hihe CRESt et Gt PRENETFedNdNd t HRSEdRect i on
of the nozzl eibady rkcandudevdionpl ae 2 hwas 2i-idiispensed Whd imMothee present

drawi ng, since these are nnecting t.echni ques w th_which the person
skilled int ‘éltg??i saff:lorhaglg%’ant?QPr ovi dedf Fﬁls}?%ee cbVer Cﬁ"%)[léIGZ i '§7'% he
nozzl e outl epropenphg 6, anhdbrthihges om t herecentinakenaxios of wihe nodzd e 25
and i s connegted,to the, sw anb 3 ted a e cov e 2
(Figures 2 ané z}._ fle'hg gw%%%%ghber?% ﬁgggg cg%s?lg%ﬁn}fgi ght tginr a@%i anet er
which is fiveigdpResdt ke dilagrecentoblt hearrazz| ¥ibhit e topaniaiy &Y d he

cover plaje 2ys00RBI NG HA Qsbhe Wl chames, e 30 faurtangentd al feed
condui ts 4a, _4b, 4c and whi ch have the sanme height in each case at the

4d
connecting pbPht ol tRe i FEr¥MHantiE2SPNSThe lrespBet i G8F§ dpboditeS<onduits
4a and 4c orgsgbtand, 4di tar nagoneciieshdloy t Beeheatbddgiegbacandparate
respectively, .via verti cal.gg 35 ar 5an&ed C nduith‘,ﬁ1 4%' , 4b' " (Aﬁf:%‘ and 4d' .
The feed confil¥s®4RTERGTALEARCER I FaPE FE *dand 6r SSREL 3G he
connecti ng ponnthieo phedswi r thehafbee, rercescdneeeded t newhedleed illame 5a
via the rtieal.,condui 4a’ 4c .5 Th LRi tjon " =S i onal
g _1 1}eau%):)(?ZOt(fgge s&#}zgggsasz\ﬁ]%“ b%neanmgﬁgga:S% fduf(r)t I%Ye)lr]ce d%é%r?ﬁ?e be%f)w. The
feed |ine 5ShneszEenFediédesa tte versienl hedndut t Be 4punant 4dndt aurhe

tangential fggghcontuts,Qp andcdd, wahaBrki kew g hame d he San@agioss
section at the 5 connecting point  to the swirl chanber 3. The feed conduits

4a or 4c andd#blBY FBSHREEER: | ANEr ds iSeRYYh BPSTHel @ ohneERFRY PHtnt to
the swirl chasberoB; ovhagf eed ceonduidcs Aanedehi danearte ot ths wrdeuas t he

f eed con, ui t aggma{ld 4d. .. The gf.fset trn?gﬁihal arr angenent Oétégst%iicﬂdi vi dual

. ers., vVar lons 1 e YO ararm
feed conduits, referred to tRei P 'gen ain)s, lE)y N éach cas€ were

sel ect ed t huseswl raf neai wekhe ofy timet mpzofl e hearf |logy bévehedf pukdovaro t he

swirl chanbey Grdhenmeihod and deyi gerdtecexpkai pedeiei Bpk¥yWebhel-ef erence
to achieving the controk range. 15 The first step is to_consi derE%lhe case

i n which t he"dt opSquBFPLGPedt dheRb%r | APgetye ufPPEr n?F n o Lin&tFon with
a variabl e ouereattidibr aughyhd . fT81&8 icEf aot Bquiomdnent pnf, orswexayd eiswi th oil
burners.,.In . cas f full load, the overall |iquid throug FGis
subdi vi 3e5d o%/%flea (?t e toaPnegreantt]inaﬁ Yégﬁ @onﬁh‘??slgéfl Zf{)angg% Qgghiégby
form ng the thmgeatiah subsfd omsd Teil fhoue, vied vl Thd. J8 sanslachheved by
subdi vi di ng &gyt of | Wi dnfLo iFQu'a@tlgatag%éq%gﬁjédOV@mE ange T2ryhisch are

respectively applied to the fee i nes 25 The subfl ow T2 which
i s applied t@itencagerthal asfdestdoragas &5 atdesdenthae i BefbiBdy the

tangential sybfdewsard 2 wndsdii ddi pife 5§ €88 beiled) uensed by ematrol ling
t he val \ng 7, that %s ﬁo gagtthe hhrou%hput. of tfge tt%n%ent.l al subflgvvs Tt 2
and Tt 4°8an BFEapt r SLPgfuating heat Yequirements ere 1is no nee

to implement frequent running up and running down of

the burner.

The method according to the invention can also be

successfully applied in the case of gas burners and

35 coal dust burners, chiefly in order to influence the

shape of the burner flame.

In the case of the application of the invention to fuel

atomization 1in turbines, a reaction to different

operating reqguirements 1is rendered possible. It is



30 thereby. The liquid flow T2 is subdivided over the tangential feed
conduits Tt2 and Tt3. The overall throughput drops in the cas¢ oAU2002
| oad. As' a counterneasure, the subflow T2 in the branch Iine 8, which
supplies the tangential feed conduits 4bs and 4d 35 via the feed line 5b, is
choked by neans of the valve 7. A larger throughput Ttl and Tt3 thereby
passes into thedanpgsntital iegct cendui fsefla AdhALar e i) ehispegdin
these feed conduits rises there despite a falling overall throughput, and
therefore | edd¥ ey frdsn of Ay tgyagtoohad EWPFF%@E%%ez%%P“QP t he
outl et operinpgGoef, theonazzl e.f1htd)owesnostbédamie of cfonstiant edenp
quality is reached when the.overall roughput is_still dust directed
t hrough t he fcéjér%)u(%ﬁ&?i t%oﬁ%l%\h%f]%c,&gﬁd %‘\—g‘slﬁ:bf e—éladcocnod"lﬁctssltiﬁman(aﬁm are
no | onger5 af fagat egaryf éhe avenaldtidr owghpatl tdrtops )eveMhner eist roogl y, an
increase in d di an.,he ted. ond_c whi ch
can be treat g’%ﬁ’sq?’%% thggﬁetﬁﬁigc%%rg:l}%g ?%Q?ﬁ)éfi r?\(f-g%?idgﬁ%i sg?hgﬁg%ntrol
of the drop 1I@VENE&OPRn doHytukei i 6At it ada ditmarghiputs wan c i hee rfeg hisod
constant. Thansubfihews Jaia gsubdisvi ded | o3 M) SidRdAe t Opither i rste case.
If the drop zi zeis to Ee reduceg in conjunction with the same throughput,
it is necessafy ey rficPéastet heldantPawrwATEA2EYpFMPeE1GBtFeed |ine 15 5a.
The overmd | throughpuh thaet @asbeckepbdcansyany:by nmeans of an appropriate
circuit. The ogﬁosi e géocedure is.to be adopted if rger dr%p size is
ar

| a
desired. A fGrPHEF R SefootiAfdtt IO 33| 601 0oV o 2 eXpl oded
representation in Fi guaetlreandihassidnaéed2taangenti adptesentcantomts. To

ease compr engglon, ot NenBaezl e oM 1t WBaULEW -3 LNG s, a8 2
vertical arrangement of the nozzlie "an e view b as an arrangenen
i nclined about the cenvibh bBResliTheAnbdzyheltenpei $es the base body or

nozzl e hody #ighbe sW ghoks nemiehgh2udlingicodercpbat e Qr NezaliRlate 2
and the cap 13, which is screwed onto the nozzle body 1. By conparison with

the nozzl e represent ed’t i FFRGr 579 BB A1 theSteed! | i nes 5a and 5b are
arranged not rhgutrzont abhywbut averddaald y ved he ofozztie: bodyz2leThan30

subdi vi si on of the feeg Icci)}pgg §g angtgb (}vierurtehe i/erti ggl} ﬁgnd%i tv%r4a' , 4b'
and 4d' as well as the ?angen?l al féed conduits 4a, 4B an d, SWhich open
into the swirl chanmberpBatés perforned in the swirl nenber 12, which is
desi gneg@as aRgi,pLeschanggable insert. 3ba4LaAnged oBubhey agdes sicge of the

swirl nmenber 1S a corresponding cutout for the nozzle plate 2,7 In which the
nozzl e outlet opening B 15d| ocktwed.fothe tiene WZ#iGhe S P TETE S eWhilEh are
connected to the feed ¥idese5q, and 5b, as well as the line 10 for the total

fluid 14 é%g%%gog _s&é%s a further variant embodiment of a
nozzle, in an exploded representation of two
25 different views,
Figure 7 shows the swirl member of the nozzle in
accordance with Figure 6,
Figure 8 shows a further swirl member for a nozzle in
accordance with Figure 6,
30 Figure 9 shows the top view of a swirl member in an
enlarged representation,
Figure 10 shows a section in accordance with the line
A-A in Figure 9, rotated by 90°,
Figure 11 shows a circuit diagram for a nozzle having
35 two tangential feed conduits,
Figure 12 shows a circuit diagram for a nozzle having

four tangential feed conduits, and



flowwith the punp 11, and the arrangenent of the control valve 7, which is
incorporated into the line 8, which is connected to the |ine f§, geeomat
repgresenrnted again in this figure. 5 The feed line 5a nerges in the's I
menber 12 into the vertical conduit 4a' ;; which opens into the tangenti al
feed conduit 4a. The feed Iine 5b nerges in the swirl nenber 12 into two

vertical cond 4d whi ch ane e vel C
t angenti al feeg%f‘tl congw ?ﬁ% B orraa’ EFI gu?ggg) (Eg%' 5 %I %?@%gnb’%\cllaraﬁletd
enbodi ments of the swi f?fhbth%xmeemt 12 &p® represeneddein Frydngs 7 fand 8, as a

top view a or bottom vignyd,« {eepeelyvebyquilhe swirl nmenber 12 in
accordance with Figure 7 is identical to the swirl nenber shown in Figure

6. Unlike 15 the | att®?, N9& i FEPAERBELCE2 1 ddidantce SR 1BEGure 8 is
eﬂw ppedsonlméﬂn%&ﬂziy@ E)@di\)ggﬂti?]ﬁdibfﬂ@dcﬁOBQUpl§téaor4hoz-£m@ wlewﬁazshoms
the top view, and the vie t ottomview, res e vari ant
shown in Fi giiretige h%tfltg‘l dCE’lP(balfeltovx?Ff‘i PEovifig ric%rzglfg ‘é%r?ﬂ%e eéll line 5b
i s subdi vi dethé nhoztwe tmj@enli albsubf tows sitiz- lanchditde r and a:hse otvher
subfl ow T2 SSES ntial feed o) i_t 0

Hﬁicf iﬂég E E%Qﬂ) ﬁ ure gm%%hll lﬁ%éé%&‘ égTZ o5

subdi vi si on varlant ownh I'n
are not fur t&?@ralsuﬂ)ljrw*de@n adddawboked Jtrdetth@mmrﬂg&:hmwfgsw abvhe

respectyye agsoci ahed dangenijak fs%edaﬁ@n%w trfd Haré!eonta@ﬁdva@w gge of
t he nozzle shown in Figure 6 consists ch éy in that differént variant
'S

net hods can SRR BT ehFPRed sy I&%%b%gpﬁﬁt?h whe RERPENIF thbuthBhe need

to replace teentifesneazlaga He Qeéablo&nef:tbaevrlesr@étgsai«&é\ozzhescan be
configured differently i nt(&egél glp terns. _-This al so dependent ?hgartl cul ar,

on the respéctivettade G ing ot P c&PF ok 568 11 e ntb‘%"z‘ides he top
vi ew of a svilidw chanfrarguie $)r. epsref&emi gshph BN &0l AgedpbastedninbnoFi gur e

9, ngenti a ed co Ult nd_4b. o o_the s nber .
The tmigee?}‘conguﬁflg qfa andvﬁ‘b Iglavf;l ar ffercge]i C)cqc:“%\()tsesrat se%t Fao {Nqsur aces at
t he connect imggber, 1n #BhaUGiRE03B -whilch pbranchest hEfswinam dHmnbeing. The

tangenti al fl%e%rﬁﬁrh@'é&ur@ct%&%@t%@aﬂ@e& he; $an&, hek ghte 8tnt hei s@nnect i ng
point to the swirl chamber 3, and can differ in width, if req U|red as

i |l ustrateddfn PRGarLésy BY Sthte %%ﬁq}f“ﬂi‘%r‘?sfl oﬁQeBlléﬁasBZa“#h théspecti ve
wi dt h di mrensicemeics itdme ¢t Stt}aémﬁobemeei@dtwq pohdit 8o0&ri @tlelteecz ives S1 and
S2 lyin | i ne raIIeI tothe centr axis M the t

i nt erse%:J i oda§fe15’e| IIr%fgsgl“flh p0| n%hof b ﬁ?ergeg Fon"Bet wedh t hglei At etal surface
of 10 the swonneciadmgert earithitcheesvadith adhackentheheeetseon ofkitlHed ahgent i al
feed condui tt,heagqtt he gg,ln%rg akntersection S2 is the point of intersection
of the parallel Tine with the opposite wall of the tangential feed conduit.
The connect FAGVpOEAL bF ttH'k-? t 8RYERL iRI24S Peett cdidui B zgbet HE S T |

chanber canogksanbe 6jesingred 1a%sa&1 regid a:rerfﬂx@is asdGt ioh, thien b che case
differe cross- sect i onal Cg % are 1 en ac eveg ihn a.si ma{bag ay by

means of di F1'8r et ATARET T Re re“éj]or or ed AP

at this p0|nt It al so
ener ges cl eahky covem plate 2 Flgures and 1). The swirl chamber

3 has a constant height and a diameter which is five
times the diameter of the nozzle outlet opening 6 in
the cover plate 2. Opening into the swirl chamber 3 are
30 four tangential feed conduits 4a, 4b, 4c and 4d, which
have the same height in each case at the connecting
point to the swirl chamber 3. The respectively opposite
conduits 4a and 4c or 4b and 4d are connected to the
feed lines 5a and 5b, respectively, via vertically
35 arranged conduits 4a’, 4b’, 4c' and 4d’'. The feed
conduits 4a and 4c, which have the same cross section
at the connecting point to the swirl chamber, are
connected to the feed line 5a via the vertical conduits

4a’ and 4’ .| The definition of “cross-sectional



20 Figure 9 that the tangential feed conduits 4a and 4b can be of different
desi gn outside the connecting point to the swirl chanber, f1)r4 {]@Ot hey
can’ have a constant conduit cross section, or the condui t cross se n can
taper in the direction toward the swirl 25 chanber. In the case of two
tangential feed conduits of a nozzle, as represented in Figures 9 and 10,
it is mandat apy rhok SN§58 1ceRAWL S, L Cﬂalvr? Pﬁi!}%ﬁrﬁe@épﬁsbé%&' opgl

surfaces at the connecti ng poi nts to t e swrl In he case of nore
than two 30 £8Rfedti’® Frdd CoHUATELd the | & eYelctaJrF%]av‘éOIf%‘él“s%rr%b'

cross-secti oaah smfaa;ea athether £egweei 4 Ng MRRINt cbadthes swy | aghanber, it
then being es en%xl agég that the s}ém; of the rel evant cross-sectional

surfaces whi ¢’ 8 32 he TS pEATTe C@5F ofECTICHnd? T2 Y€t he 35
associ at ed conduetsldgffpmmé\ fuot haie | npantlantchdedkegn Beat The i|8edde ratio

of the di amelep, Bl.af sthe,nozel & ouikel, 0089 Lo Lhe i ATPLer. D2, " t he

swi rl chanber ai m being eratio e 1n arange
from2 to 12at [the COH!}ECtlné‘l APi@m2002 ttee cawerdf chaldsignlef theozzle

with a plurakity Qfoddingential Jfeedscondui tse i bl Sigepeg eptoifrahpe latter

are di'stributed uniformy over the circunference of the inner |ateral
surface of tRendwikp cf‘t%nﬁé‘?i 4. hBRe 5 ffewsd ¥l advanbdgBens o t he

swirl chaybethandntiheianass reeet conauak st he drangent irdl thead conduidls at the
connecti ng point to the swir| chanber to be di nen5|8(§l%ed in accordance with
a specified 4tfo, B¥d g§e0| PP cafty asCiot | ot 1S 5 S DI B

signi fyi ng endheraihethedshmoetiheodi anet €l oaf ofheheorfduiild amticheche
connecti ng p'f'{*lt%hbneo WI£| ci,lﬁanb%t%é g%l d D2 belr)l(%the (gamaters

of the outlet nozzle and the SWi Tl respec |ve?y, as exrﬁ ained
above. In a wainkhpwaipbr rsaéertehn@ehechhaclmievheg sWire | cohambér riagige .| esser

dimensi o { hae e diamel g . Thed AE8RGiHAS NHd ocgé the syh{lyChapber
di anmeter to the 20 nozz| e out di aneter (D2 %e m)re effectively a
potential voi¥®¥R c&VFOrGH andSa high diamau eréﬁ?ﬂ%ﬁ’spé@& iR ch ifs a

precondi ti Orbcﬁﬁju@@@ﬂ)ﬁtﬁﬂtﬁaélOBerabIlBeoflleMla@l €BRolghpat . uphak tike nozzle
outlet. In the case of a é 9e sw rl chaan]?: ]grpgter t he speeds at 25 the
th an

i nner | aterat SUFfhcE Pt v ¥Rt © 3 'BdFower than in the

case of smallrertlsai chsehafhbénldi doeter shesDneeallbed:aqsedof:htrbegh@mger

radi al 'ostapﬂcelgosw&fwagaeo%y 84 10R80 @@gtgl 2L ECUgT BERRLG AL speeds

are formed éonsequent case svmr cha Ianmeters
the cross-setti oAl s‘llj?rf%t@@s 46 tﬂhefPé@én@o t s RGRT e bf SPQl‘fé@Wsdem gn.

The productign, of{ h@tﬁa&wnf l,al Thegdigonauibgelisbyhenshlyviandgr edesi npl er,
and the risk of, plgekage drops, Inthe,gase of an.cxsessiyehy augg ratio
are respectively applied to the feed lines Sa and 5b.

25 The subflow T, which is applied to the tangential feed
conduits 4b and 4d, that 1s to say the tangential
subflows T., and Ty (Figure 5) can be influenced by
controlling the valve 7, that is to say the throughput
of the tangential subflows Ty, and Ty can be controlled

30 thereby. The liquid flow T, is subdivided over the
tangential feed conduits T.; and T¢3. The overall
throughput drops in the <case of part 1load. As a
countermeasure, the gubflow T, in the branch line 8,
which supplies the Eangential feed conduits 4b and 4d

35 wvia the feed line 5b, is choked by means of the wvalve
7. A larger throughput T.; and T:; thereby passes into
the tangential feed conduits 4a and 4c. The inlet speed
in these feed conduits rises there despite a falling

overall throughput, and therefore leads to a constant



35 chanber dianmeter to the nozzle outlet diameter, however, there is a
decrease in the circunferential speed because of the wall frif¢t aus 200 4
AUG 2DDZ - 13 Various circuit arrangenents for different variant

enbodi nents of nozzles are represented i® Figures 11 to 13. It holds for
all the circuit variants shown, including that maccordance with Figure 5,

that the 5 CQREF Hx&ﬂtﬁkM%Q\%%”.iQ tQ%ﬁthggHQQQUto %nﬁ% f%Uigfflgﬂéis
undert aken out'si de the nozzl e either via a val ve of separate punps.
Control | ers dyozgdtr Slhengibergnagte intidr stlooeondt dat adIopodsibltyties of

i ntervention phicGlraactknen t heet heoughput ehrbhenihuwi dik | ewssuchyasy 10 for
exanple, throttling by neans of valves, Influencing the characteristic of a

g
punp by chandiit§athe dguestdt the fFaefecorsiiitie $7ka8NITHE f therhe
subdi vi si ®n dfeddhe-drehalt  |ab dafid ond Ferenhe flwridier sutddtows. Tif dReetc.

can be anti cidgl%treq ei ttT]ﬁrOLil qsi de or, outside the nozzle. t15O qu subgl ows Ttl
to Tt4 are alWays fed iTPIHTSw AFORRantaret angehfi al iV FPri¥rhe ¢Ase of

t he enbodi nenincsleewe iin Ehgumeaildrtpe dtietal: efrd wiach fHeowxpE€cted.by a punp 11
i s subdivi dedyjnt S OWs . .t he i 1l Ghagber via
20 one tangenthgealSqefictedgﬁi c%%%l%i %‘hgﬁ %%gdi1 1Trtge2 gg%ﬁ,gg%hitu%ﬁ avtzj\gdiré? er ent
Cross-sect i OR&AICOFdiPdces athe henvenhéeni A§ pditt coBtrad & rhechHarer 3 of

the nozzjg 14izR VahVechiuthdNeR! PREahed; | ptg-diighddthewh@ent hessdiid ow T2,
which is connected to the tangential feed conduit with 25 the |arger

cross- sect i ofNSSaPFacd gt FUHRE (Qherte ngu AL vEded dhe SsWiaY THEMSET . An
appropriate threhkl fagsef chle .sulff lcow Top Mmildcaneousd Yoo/ afdRscddein
tangential subfl.ow Tt2 and thus influences the circunferential speed of the
fluid in the SWHPCEASRDER. FrantE hEPEGy tgtff%‘?}%—%tup g})e&ﬁr JHiS@#TE the f1 uid
energes fromtbheimozzds: Thes diddilowawhant entaillisst hehd oestl duirleay on

br oGty 8 | T CARE My B CORRLRBEL LU £ L1 MU, Wbl P50 5555
bi f ur cati on. "PRESsPZeadf appeopgBBtewcdanubé -| iThie ePnE & ov dlrpsEeddgRnst r eam

of the valve,sthg %@fég&\@r'tédf@q tp 1hegdeedrepndiide Mt hakberkar ger
cross-sectional surface. The two |imting cases are gjven, nanely when the

valve is ful yrﬁbgﬁ Hﬁrlan§|embod1ment of a nozzle “1s shown 1in” an

exploded representation in Figure 6 and has three

20 tangential feed conduits. To ease comprehension, the

nozzle is shown in two views - the view a as a vertical

arrangement of the nozzle, and the view b as an

arrangement inclined about the central axis. The nozzle

comprises the base body or nozzle body 1, the swirl

25 member 12, the cover plate or nozzle plate 2 and the

cap 13, which is screwed onto the nozzle body 1. By

comparison with the nozzle represented in Figures 1 to

4, the feed 1lines ©5a and Sb are arranged not

horizontally but vertically in the nozzle body 1. The

30 subdivision of the feed lines 5a and 5b over the

vertical conduits 4a’', 4b’ and 4d’ as well as the

tangential feed corduits 4a, 4b and 4d, which open into

the swirl chamber 3, is performed in the swirl member

12, which is desigﬁed as an interchangeable insert.

35 Arranged on the underside of the swirl member 1s a

corresponding cutout for the nozzle plate 2, 1in whiach

the nozzle outlet opening 6 1s located. The line

branches 8 and 9, which are connected to the feed lines

5a and 5b, as well as the line 10 for the total fluad



1 4 AUG 2002 fully closed. In the case of a fully opened valve, the |liquid
t hroughput is distributed over both feed conduits. The circunf dr AbG 2002
speed hds its |lowest value at the inner lateral surface of the swirl 5
chanber, and the circunferential speed i;g thereby also | owest at the nozzle
outlet. The highest value is assunmed by the circunferential speed at the

nozzl e outl et n_L % e | | osed. e i o | | est
Cross-secti onfa]1 su?’?gge gbgt hgeé ‘F\g\ocﬁfsle’ed a}gl C(%ﬁ ui?rg;#e[‘{’]eg? nért%esoeft héhFati o of
part |oad to dantrdloathiie ch cdm dle hehievvedporadedininhe EhseldfewBich the
atom zation RiORE! tiLscndotegsegntinal |Mr@13§k9,e-aﬂ'é1€n§trQHEEegéhtéBt shown
in Figure 11 cor,res,pongs, to the nozzle, shown in Figure 6, having a swrl
menber 12 i n 885 1dtddt MiSHSFigure 8. The circuit variant represented
in Figuresl12 e fferesi fIriore the mdFpal tivar hanswshdDWiehibe Fi gaIr endd oRéy in
that the subfvleov%/.TZ IS noé stub iyided into one tangenti.al gubflogvi Put over
three tangent’iaI" S8t | VA" T3, - TH" 4y TPE RNdSEOs fDf CeRgentia
Cross-secti odaledsurdrabest odat hehtarigent | hind eedd cemndast Smatthdesgonhecti ng
poi nt i's 1 ar gefpthan ot g, anql.poaus, cross- seeki anal asuriages dor they
tangential su ow Ttl. the | arger cross-sectional surface is designed
in 25 the cag&eofregpsiatdrietl wadrartctiad doeor daaegeni il Fged ecandedt be very
large injpel abl o t @at he iRl en Cregs- 88¢trkenak SKhfiate, ehbSlifnd St 4 he ri sk
that asymmetries can occur in the flow of the fluid in the swirl chanber.
The variant PépréSefddli Mepfdr 21278 BPPRIPYY 1h bt deres o/ id this
di sadvant ageg,The samepvatieant bendeitsdr vReSsHhl eckpeathiveeyat feed
condui t s whi fftﬁl are arranged over. _the inner I(?\teral sgrfaﬁ? of the swirl
chamber and tR&re?P8te | F aldyniBt riCEPTFIRE THETSuRMBHIERE 1S
cross-secti ondensurbaces ahet hese 13mdndngerdhain fieed cpncuid s Ursl 1lar ger at
the conngegti poj an .t hat _of. the .ni f.eed I ich.s fed
by the sﬁ flggvemhli%}tﬁt%g nok{%l nfslgﬁé:r%ce@éﬁgrggct y vli%a ?ﬁgggg%{}%gh V&trtl{ﬂfr AU G
2002 - 15 | Higheec8selisf edqeirpeduianisar ivamth shean tandeguiel 1F eadhe

desi gn of the-ngzazte ug, subl | ahet Qilhe Lageudf dHie dgsian. n Afcandance
with Figure 12. The di fference consists in that there is po branching of a
5 total flui §1fFoW) bOE HRS S8payaee: sdisHPGR T FEiand 2 Epﬁ i W fetced

i ndependent | ghefvnona @naturer 7yi & heccEntid cswief IBws CTew lpwips; thrdibh

| ncor por g ed {0t 0. e hings, oAnd, speahld Caldys bY B change ddde sspeed of
the punps. In the Tase of 1 hd conveyance of d0 suspensions, It IS sonetines
necessary tosabbdldwbl dekagedt Hweughand neher cddiesecsibhiow ad:i pass@scase of
val ves or cogks, SiHICe r@RgkhtGhioNsecan QLNEIW S@A0CE I nobt iftitdhenef ore
necessary to use a_ variant 1n which subflows can be influenced in another
way. This 155BBA*BESpERfornmed by positive displ acenent punps whose

di scharge chanacherivati&ntSsNawhedn Fhgaeeosdaphe wiubhlbhiSTyandnt, use is
made in ch_subfl ow pf eccentri c .war crew punps.11, ,11' whose .t hr oughput
is adapt%ﬁlI v?geanc%ang%r%legpgélg’.dlfﬁé@pr e%%%,t airge% C%or?ocat?‘lh%tl s%'glltzrg be
applied in sobhmbases whear ehet respretdysamysiosietrdutengentiith faieff er ent
throughputs to,kgep fhe.ielp,angle of the fluid emerging fromthe nozzle
constant, that 1s to say to I nfluence the control of the bet angle. In the
case of conventional TR9V pRVABEaPEs ofa PBe| Mogerl 6 ethayyl &ni §igekiceded Wit h
increasi ng tEsQs08PHt chABFLPCHBATHAN dNerdLdn@nghei yht hmkbBERGaSIcRG overal |
t hroughput is Iikegi,se tg be noted in the case ff trt}g met hog acco%di ng to
the inverti oR®i ReRbAFEACOY of"Gamadng the swirl member without the

need to replace the entire nozzle. The details of the
respective nozzle can be configured differently in
design terms. This also dependent, in particular, on
the respective casé of wuse or application of the
35 nozzles. The top view of a swirl chamber 3 1is
represented in an enlarged fashion 1in Figure 9, two
tangential feed conduits 4a and 4b opening into the
said chamber. The two feed conduits 4a and 4b have

different cross-sectional surfaces at the connecting



30 constant ratio of subflows. The followng situation results in the case

of the use of the circuit variant in accordance with Figure 11 430 &alngélen
out et pressure, the overall throughput can be increased by opgn r@]

valve. The jet angle is thereby slightly135 increased. Thus, if the outlet
pressure is |owered when the valve is closed, a constant jet angle is

achi eved. Sotht AL & 2'9'%2 (:]3.»«/]1@1 P%lil%pr&)eg B 'ﬂ‘he(s%%w{ﬁ Vfaéél ng the

swirling moVenent o inthe swrl arrber nozzl e, he 5

swirling noveeRdtihdt dei myg doFsled b@mhetb@era@metm%{@lh‘foutafof e f 1 uid
flow, and theshtatihyupdifit ovo(ER: Beiing subdibvhded a0 @mpldiradd.ty of

subflows (T1, T ich, are led tao the s chanb 3) _ma tangenti al
feed condui t¥?( h)édwg‘ AETUAgF ot ?FhevﬁéxPFFréﬁﬁﬁbéfn (By9utRaratteri zed
in that the tshu@f de\ﬁﬁh( Td;,mél'ﬁs);lcame fybdind ded. oxer feespbeontuet svilcda, 4b,

4c, 4d) whic [ heir cross-sectional, surfaces at th gonn cting
point to theé]ls'%\?\,iér;%mrrl]an‘%)g %‘) f Sbteaimﬁ:gethqoe ched! t hat© 15P0p gﬁ sulidi vi si on

of the subflowselJdctid) 8Syverndobe ilhangtwn taan]glerﬂlxadirébbdl conduihes (4a,
4b, 4c 4d), idie Crosgssechl ongle i eéfaaﬁté%ggsg ém@tgslﬁgmtw‘ the

cross-sectional surfaces of the feed conduits 48 or ) which
branch of f P ¥Honrhel Meaprtt ven ststwesn( Tahe T2pteradd el 3¢R5 O6f t he

cross-segtianad switacesmAfpdheaggnnesd i Pgi poi @&ij@xg%ntszehéf)eé@e ewi rl
chanber (3) f t he resBectlve subflows (T1, T2) ftherefore dif fer, and the

subdi vi si on 9t t hEaPAENYEadal kefenfPRAUSE. suiDws ELTt | PO TE8, Tc9)
passi ng int mﬂmsswuitrnlorchagba.rs (ahel Sp@n@herb&keﬂnt@fsé@el@ur posetak

i npl enentin d| eren contro SS|b|I|t|esdr|n t eoeratl tate
i ndependent I%D Lh& o%ghpu‘f’ltéo FRE W Fod'2 ;lsl cC?fa s gﬁ nEFai ?n i
characteri zefcbadw thaﬁuun thléie:asenoéctrmng tdraimtt wof f edak coadgenmézﬂa 4b,

4c, 4d) 1Fheft 3S%ch{]roug WMo (b 1 TERamJd 2 J&‘% %%é”&é@ﬁgﬁsé i nt o

the swir Cross-secti ona SUI’ aces at connect i ng
point to th@%mﬁrlcwa#@ér ¢BYSHhiseRtara. i dent WbaPhaﬁ?cP/S(ﬂ different in

size. AMVENDERo3HFEEEctichaAd AVE Q0% are then achieved in a similar
way by means of different diameters of the respective
bores at this point. It also emerges clearly from
20 Figure 9 that the tangential feed conduits 4a and 4b
can be of different design outside the connecting point
to the swirl chamber, for example they can have a
constant conduit cross section, or the conduit cross
section can taper in the direction toward the swirl
25 chamber. In the case of two tangential feed conduits of
a nozzle, as represented in Figures 9 and 10, it is
mandatory for these conduits to have different
cross-sectional surfaces at the connecting points to
the swirl chamber. In the case of more than two
30 tangential feed conduits, the latter can have the same
cross-sectional surface at the connecting point to the
swirl chamber, it then being essential only that the
sums of the relevant cross-sectional surfaces which are
assigned to the resbective subflows T; and T, or the

35 associated conduits differ.
A further important design feature is the ratio of the
diameter D; of the nozzle outlet opening to the
diameter D, of the swirl chamber, the aim being that

the ratio D;:D; should be in a range from 2 to 12. In



- 17 3. The nethod as clained in either of clains 1 or 2, characterized in
that the subdivision of the subflows (T1, T2) over the tangenti A 4f A8 2002
conduits (4a, 4b, 4c) 4d) is undertaken in such a way that 5 in the case of
a required higher swirl intensity at thezoutlet fromthe swirl chanber (3)
the larger subflow (T2) or the total fluid flow (FG is applied to the
tangential fegpd conrduids w dadibe sdmlLenceass-waati Qn%hu%lérlfl%%ze of sum of
the 10 cross- sectlonag éurfaces at the connecting, point, éﬁ§¥ ﬁ%% to the
swirl chanbeFa85tand (Fed Gerddits, the 'FetieFHSTE difrdd'S n' Ui of

claims 1 to 3reChaéaEﬁBﬁtéGduhm folralyl Bvehe teas e ofcumfehange idr Ihhd he

total fluid f]ow (R@t fhsurrme of .a full Ioaqtpa%t gad o erq¥|ng node

and with thelg?ﬁ¥of el ntai ning e ggnrqh?ntéﬁgA £f™PRE - ou Teta?ron1the

swirl chanbepr¢8ed forba dévsanedgeatisofof thblshoad/p@mmhammimﬁ tthee fluid
flow the subdhyisign:adual dhe fangential;sybfaus (Jhhai J62ac Tl TH4) i's

undertaken in such a way that t e rat e sum o e cross-sectional
surfaces of @%@n%$¢é%$eﬁoiéédt@oﬁbalﬁylaﬂ fohmbegad ot et e manAemeche

cross-sectiongl asbtaggeokithe @fégﬁgéleﬁe?é Lapgsnt Lak fered igarduhts at
part | oad corresponds at least to t volunetric flowratio of full load to

part load. 5%°T LHRYfod as clainmed in one of claims 1 to 30 characterized
in that ibhe total fluid flow (FG is subdivided into two subflows (T1, T2)
which are introduced tgnhgentially into the swrl chanber (3) via one feed
conduit (4a, 4b) eachi—the<s@bfl ow which is connected to the |arger
cross-sectional 35 erTch at the connecting point (S1, S2) to the swrl
chanber (3) belng controlled by a control nenber (7}. AMENDED SHEET 1 4

AU G 20~~ - 18 . .The method as clained in one of clains 1 to_9,
characteri zed ?ﬁgPﬁgﬁflPﬁe SiHhar {Fe dWAASW (P the sismekisdet ntbenor e

than two subfdoinsid Tht t Hea, cdirdcthitrd p@i:ﬁ@du&ectﬁeartg@ﬂﬂ akhymbatQ the 5

swirl nber ast t wo ng nti al subfl Tt2,.Tt3, Ttd4) being
b1 anched of 1214 o o sBbg PoHs ToRe  ERATERET Susid o 191 Wibe Lot anGent | al
feed condui tsnq 4bghelc, s¥dyl at chawebeonnecespgcpovaty ( Slas S2gxpoathedswi r

chanber (3) afhldl the bl GhestkQuyahe 40t SUOhet Iy cERessaeet i onal

surfaces is control ed by ans of ‘a control nenb , 11 . 7. The
net hod as clHaRREN ni6neé oteesar meirepngien f@“ﬁhaFB@téiﬁ%ﬂﬁf%ﬁﬁ th8® a punp
(11, 11') and@ferd the ratio of the swirl chamber diameter to the

20 nozzle outlet diameter (D,:D;), the more effectively a
potential vortex can form and a high circumferential
speed, which is a precondition for good atomization of
the fluid, can be set up at the nozzle outlet. In the
case of a large swirl chamber diameter, the speeds at

25 the inner lateral surface of the swirl chamber can also
be lower than in the case of smaller swirl chamber
diameters, since, because of the larger radial distance
to the nozzle outlet opening higher circumferential
speeds are formed. Consequently, in the case of larger

30 swirl chamber diameters the cross-sectional surfaces of
the feed conduits can be of larger design. The
production of the tangential feed conduits is thereby
rendered simpler, and the risk of blockage drops. In
the case of an excessively large ratio of the swirl

35 chamber diameter to the nozzle outlet diameter,
however, there 1is a decrease in the circumferential

speed because of the wall friction.



valve (7) are used as control nmenbers. 8. The method as clainmed in one of

clains 1 to 7,

characterized in that the subflows (T1, T2) are{2p AUG 2002
control I'ed |ndependently of one another by changing the delivery rate of

the respective punp (11, 11" ) . 9. The Inet-hod as clained in one of clains

1 to 8 25 characterized in that two separate subflows (T1, T2) formthe

total fluid fMa@Wd G gi1@acit of at hesge seht b O\A@oledlirzér@e't ngveenknel | ed by

a punmp (11, 11 and  at ast one subfl ow e S blelde over
o el ty ot STk et Tt ¢ o LB GRS agn s LS

BhJRE:

correspondi ng 3subflltowsh ol 6is2, fHea, aIﬂa)thelchThelneth@dlastelabhednin one
o ooy L 2 aAcludtily acher | 260 LBCLDALALOTLGHCEE] 8, PXCECT SEA D fe 35

st epl ess fashion on t ifvisionratio o

t he sub

di f f er ent> coRPRSIOdf atltﬁéa@tlteﬁé ofnt kdesubhrewshpdl, om2) taed fh@ld
subdi vi si on @fi svhe, subhh@nse {ldn Bﬁ\éeirdé h%héNEr'NPEHeSH%EEherl 41AUG, 2002 -

19 tangential .feed conduits (4a, 4b, 4c, q% in such a way_ that the

swirling movERRKE °F PR RﬂﬁﬁﬁKHC?@5r? 1

drop size of athe ufridﬂrfbt@mf i gbEr amt Qﬁ;mmllqm@tsl eif 5ioperrdg-{&) IS

i ncreased or g eas , Or is hgld cgnstan% n Eﬁ ¢as 1of variations in
§QﬁtQ$et Fard P4k, ofhé Rethdda 51m§ﬁﬁpl?ﬁone of

the materi al
claims 11@o for E&ampaleacttelrrioz:etd iimy thatmddres tcamgmﬂt\m&i subflumsmciﬂ'gl

~ Tc3 , Tta % ar ety

coordlnateCkgﬁiQ&h%Mné%hod%ﬁgﬁﬁl dagi %%akh Bec%Ptzhil

sane axi al
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20
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30

35

the latter, or the like. The further subd1v181on of the
total fluid flow Fg into further subflows T;, T, etc.
can be anticipated either inside or outside the nozzle.
The subflows T¢; to T¢ are always fed into the swirl
chamber tangentially.

In the case of the embodiment shown 1in Figure 10, the
total fluid flow F; fed by a pump 11 is subdivided into
two subflows T, and T,, and fed to the swirl chamber via
one tangential feed conduit T, and T., each, which have
different cross-sectional surfaces at the connecting
point to the swirl chamber 3 of the nozzle 14. A valve
7 1s 1incorporated into the 1line for the subflow T;,
which is connected to the tangential feed conduit with
the larger cross-sectional surface at the connecting
point to the swirl chamber. An appropriate throttling
of the subflow T, simultaneously varies the tangential
subflow T¢; and thus influences the circumferential
speed of the fluid in the swirl chamber, and thereby
the drop spectrum when the fluid emerges from the
nozzle.

This basic variant entails the lowest outlay on
production. The case with a constant liquid throughput
will be discussed. The liquid is fed via a line, and
two subflows are formed by a bifurcation. The size of
one subflow can be limited by a valve. Downstream of
the valve, the subflow is fed to the feed conduit with
the larger cross-sectional surface. The two limiting

cases are given, namely when the valve is fully open or

ectb?nt%wfébtr%dﬂ%fﬁ}éﬁé%y t he

Ttz



15 characterized in that the tangential subfows (Ttl~ Tt2~ Tt3~ Tt:ﬂ

I ntroduced into the swirl chanber (3) so that they are distri bt AUG 2002
unl'forrﬂy over the interior lateral surface thereof. 20 13. The nethod as
claimed in one of clainms 1 to 12, charadéterized in that the influence on
t he throughput of the subflows (T1, T2) is undertaken outside the nozzle

(14). 25 14. rhheymethedas ol akdarast epkzed ﬂdll@ubiﬁeq)@ (Ja:LlJ@) subf | ows

(Ttl, Tc2 ougmde t he nozzle 30 ined ipn one of clains tg} i t?at t he
subdi vi si on ofIURE f I FBIFHRNE ¢ hé St arfeihti AIUERS, Y2y i Dhder taken
i nsi de or (14pndulbs.Theheet bﬁ)dcaafekanﬂedli nspaedofhat ai hes 1 1owdds

characteri ze th i the .case of creasi overal |l .t hroughput the
j et angl e of g?%[e] at %%1 zg(}f 1 di elrs mai a:lnecf%ypa\%ert uefaoft %e ?‘gcfft hat
t he 35 tdtal chrubdrpr essurtdrd sciecuskeramdi 2 hespabdl ow tTerdhy (sie) is

subdi vi ded oygjethe tangetialofeed condwis g, Abandey A1 thidhe

| ar gest cross-sectional surface or sumof th - 20 1 4 AU
G 2002 crossa%‘d‘{”?@nakPYSlﬁ’}feacé?slra%u"tfﬁereét‘}rir‘?éct ﬁﬁ@eﬁm Ak (@1e IPH23e t he

swirl chambepuf8gti suhdier eased vaillR respecioddi ! henet hearsubféow dpkl) . 5 16
10 15 20 25 30 :
allest <cross-sectional surface of the two feed
10 conduits determines the ratio of part load to full load
which can be achieved, and in the case of which the
atomization properties do not essentially change. The
circuit variant shown in Figure 11 corresponds to the
nozzle, shown in Figure 6, having a swirl member 12 in
15 accordance with Figure 8.
The circuit wvariant represented in Figure 12 differs
from the circuit wvariant shown in Figure 11 only in
that the subflow T, 1is not subdivided into one
tangential subflow, but over three tangential subflows
20 Tea, Tes and Tyy whose sum of the cross-sectional
surfaces of the tangential feed conduits at the
connecting point is larger than the analogous
cross-sectional surface for the tangential subflow Ty;.
If the larger cross-sectional surface is designed 1n
25 the case of a circuit wvariant in accordance with
Figure 11 to be very large in relation to the smaller
cross-sectional surface, there ig the risk that
asymmetries can occur in the flow of the fluid in the
swirl chamber. The variant represented in Figure 12 is
30 proposed in order to avoid this disadvantage. The same
variant renders it possible to arrive at feed conduits
which are arranged over the inner lateral surface of
the swirl chamber and therefore lead to a symmetrical
flow. The sum of the cross-sectional surfaces of these
35 tangential feed conduits is larger at the connecting
point than that of the remaining feed conduit which is
fed by the subflow which is not influenced directly via

the valve,



35 The method as clained in one of clainms 1 to 15, characterized in that in
the case of a constant overall throughput the jet angle of the atom zed
fluid is increased by virtue of the fact that the total fluid p‘lésAUGnggg

i ncreased and the subflow (Tz) which is isubdivided over the tangential feed
conduits (4a, 4b, 4c, 4d) with the |largest cross-sectional surface or sum

of the cross-secti onaﬂn supbacessat Sfehe. cONReGtd NG POLRY 26B1, s1Rl)n I the
swirl chamber_(3) is reduced wth respect to the other subflow (T1

The met hod ad F& el i ntohedBfrenaiats 4he o262 18hdfact ¥rid td F?iﬁt sai d

nmethod is usethd®d atordize dégihels iW tdcddedanee olvigasesigthe 11 quirdeor the
gas or both, Cﬁ er individually or a xture, bei nIgESUb ect ed to a
0

a
vari abl e swir Totenermt bt el%r’rléﬁﬁF ngkaFSmltShéj% FREMYE A ndzzle
system fob caratdIingfbutdt heompt hodt aswal akepodaite atubbEhsis ofie ehdt e

preceding ¢l A, DAYEROZ.3W ihABIRIALEN.| N I CRAL! Ulds, g sebifotating

about an axis, the sw rig enera or ~conpris ng a swr chan% (3) w
plurality of et%ktrﬁlical W@éléd S@Gm\um@ml()aa 114b, 12€, lg‘d)ompltélrfee%emmery of

the swirl chanhen {ds asieldpas danaut) ey, oaoe&a d6)n €haragtesized in
that a) in ~ he case of an arrangerrent of two feed conduits (4a, 4c) the

latter have &4 ffBRERE- cr dds- skBEi odiSSur Phce %@ﬁet h&BVFYEEENg Pbi nt

(S1, S2)1to tén&psamgllor@)anbﬁr (3}, aelmneb)mergthﬁe@ag@a@p arcar ranhgeaent of
nore than t ent i gﬁ-é’f e?‘ conduits (4a, 4b, 4c, 4d e latter Pave
different an / JSNRVERISES SIHSEE RS A % H2-25%1°

sect ~. onal suvraflames axrtrt@cck(snne@hmtgg paibdt (15l i G toabheosherwiohanber
(3), and Ind:‘oeegl yal f@n?gntt&)%l f%e% c}ggggé%%_%4%b {5:8849 Ad); %re nnect ed

to separate the 5 Cross- sectj onal surtfaces of
t he tangenti a’lhlfcé'edstdtﬁﬂdmst scddabedinfAdsengdd aint Reotbemectang Poimt (S1,

Sz) to Uhe swik iehapbetofdla whi %g&r&@naﬁggﬁgcéﬂeﬁtffﬁn?gt vtr%eg:!e lines

(8 or 9), being different, and a control
operating i nﬁléﬁéjﬁd‘éﬁtel FIorachesighigGt i YaEDRPor éf’e&cicrﬁ’%iaé’ccel éﬂéﬂé%h one of

t he feed conduiitss W4d'ant4b’ u,se4013 dfle HA, eBbh &ub&lo}uo)oﬂwéédedﬂ:rh@ swirl
generator. 15 19. The nozzle sry% rr]s @lhal med ,in claim118, ch % rized
ui t

I'n that the t'&hfential” f BEGPEo 86, A& CHPPAr fRe TEMES i ng
poi nt (S1, Sz)at@ tdleasye rincharbér (Ifsl)e hranvessdariie samenheépghtcaand 2@ t he

same or g di Bteers%lwe@'t o BéucF}Z)caség WS- 0271 €;8ySLem as, £} aisped in

either of clains 9, characterized In that the different
cross-sect i oREPIYHFEFACBs YaEht ke ffemead SUMOUFIRMHE 260 cKE8B- $&6t iI6tal

surfaces difhaglby drorghd hanuadf askelial 4rom the nozzle constant,

that is to say to influence the control of the jet

angle. In the case of conventional swirl nozzles, a

25 larger jet angle is achieved with increasing
throughput .

An increase in the jet angle with increasing overall

throughput is likewise to be noted in the case of the

method according to the invention in conjunction with a

30 constant ratio of subflows. The following situation

results in the case of the use of the circuit variant

in accordance with Figure 11. For a given outlet

pressure, the overall throughput can be increased by

opening the valve. The jet angle is thereby slightly

35 increased. Thus, if the outlet pressure is lowered when

the valve is closed, a constant jet angle is achieved.



21. The nozzle systemas to 20, characterized 30 conduits (4a, 4b,
cross-sectional surf (S1, SZ) to the swirl a conmmon feed line (8 clained in
in'that ‘'th 4c, 4d) ices at the chanber (3) or 9 ) . one of cl aifrk AHGa200 002
tangential feed with the same connectingépoint are connected to 35 22. The
nozzl e systemas clained in one of clains 18 to 21, characterized in that a
stepl essly seit@btectapmsol nmenber (7, 11, 11') is incorporated into at
| east one of the feed Iines (8 or 9). AMENDED SHEET 1 ~ AUG 2002 ~, - 22
23. The nozzle systemas clained in claim22, characterized in that the
control nenbkr i sAarrpmrhlpd( 1ior liz'a)rydmga viad vew(i ¥} ing bveltmntorzz| & system
as clained in one | ai int e e (7)

£ Phi G g'n][rgtehdkﬁl E.&ll%? q'B%vth Bf n that, E% V:%!

is incorporated ihto th i ne I's connecte
tangenti al feed dﬁﬂﬁﬁl%%g(m@Vem®nt100cheAd$ ﬂpvhlﬁﬁetpaﬁééspverall

cross-sectional sgif&aegn it SYM ehet 8 LrOSSISLCTA QD hSUELRESS Aty lhe
connecting point (Sl, S7) to the swirl chanber (3). 25. The nozzle systen1

as claimed in onet 6?¥ ¢l Eichs A811A% g v ided adfEPi Zod BINEHACY heft he
Cross- sectional:ﬂmﬁfﬁmwsof (feed,conguihts (éae 4bed4ctoddrhat peiirtl to the

swi rl chamber (3) the {oss sgptlonal aces 20 dlgtrlguteg
uni fornly. centréT hélPar@sifs &t h EShre IG5 n ¢ Re, and
are arrafged 4c, 4d) of the swirl chamber (3), characterlzed in

that the subflows (T, T,) are subdivided over feed
conduits (4a, 4b, 4c, 4d) which differ in their
cross-sectional surfaces at the connecting point
to the swirl chamber (3), it being the case that
15 upon subdivision of the subflows (Ti, T;) over more
than two tangential feed conduits (4a, 4b, 4c,
4d), the cross-sectional surfaces are formed from
the sum of the cross-sectional surfaces of the
feed conduits (4a, 4c or 4b, 4d) which branch off
20 from the respective subflow (T;, T), and the sums
of the cross-sectional surfaces at the connecting
point (S;, S,) to the swirl chamber (3) of the
respective subflows (T;, T;) therefore differ, and

the subdivision of the individual tangential

25 subflows (T¢y, Tez, Tez, Tra) passing into the swirl
chamber (3) 1is wundertaken for the purpose of
implementing different control possibilities

during the operating state independently of

throughput.
30
2. The method as claimed in claim 1, characterized in
that in the case of more than two feed conduits
(4a, 4b, 4c, 44d) the tangential subflows
(Tea, Te2, Tes, Tes) are introduced into the swirl
35 chamber (3) through cross-sectional surfaces at

the connecting point to the swirl chamber (3)

which are identical and/or different in size.

AMENDED SHEET



26. The nozzle systemas clainmed in one of clainms 18 to 25, characterized

in that the tangential feed conduits (4a, 4b, 4c, 4d) are arranged' I;,y'M]P o002
25 the sane axial coordinate. 27. The no;zl e systemas clained in one 0
claims 18 to 26, characterized in thaf a punmp (11) is incorporated into the
feed line (10) for the total 30 fluid fI_ow(F~zl and the feed line (10) is
subdi vi ded i Ato t WBesUHIRR |35esl FBned)inheéhhar ecfofredfisd ¥ ®Separ at e

condui ts (?a,d ;Sb, cHé’racﬁlé'r,itz{é@i : fi41d'd)t,ha|tgc%?%(j4i§hlﬁ:fgafi%§&%{ e ﬁ%@thé\/ﬂi 5\2 ]
are connected to one_tangential feed condui a, 4b, , eac ic
have different cr ngfi@’&’ i gﬁar i 1R Hie 1Rt ifr?ge‘%o??l‘?‘gfsti? SZ) to

the swirl chanber (4¢3), 4and 4de adl ves (ndéstaknenr par atiedl iantwayt hehdeed i ne
(8) whi 025 is AI\/ENPEDt%HLEéI'a - §3 14 AUGqZO%Z ﬁonnect.e tonthe té;mgenti al
feed conduit (4a) th tRHThe*Tar§ér Scr'TEB ST i BhaISEuPlace A"t HE tohnect i ng
poi nt (S1, SZ) toathetkai rduthamberaB) the 28wiThe nlbzmber systemtadse cl ai ned
in one of clains 2 a ri i P?Jﬂp [ sk 4

i ncorporated int oi_%ﬁ%e?eggbﬁﬂgg ((%ig)) ﬁ%}%%e&?%%%?f ul dﬁf %w§§g~)i§énd t he
feed |ine (10) is2RRbdrdi ded FheotanseBubpl ofdadhezoidiity Watéh Hie 10

connected to sepagai®l £0NdHLbSs(58ct Phnatta sufPace 4or 4hn . docatipd in the
nozzle (14), one conduit (5a) being connected tg one tangential feed

condui t %a), andIPHeSofRElEBAdUITIESSEShef hig NeCARECt 73 U ity of
tangential feed 1lbsgorsiyi t® (4, sé4Griddhambad t(be,vahdevbekengeiraeQr por at ed
into the subflow line (8) which is connected to a plurality of tangenti al
feed conduits. 20 29. The nozzle systemas clained in one of clains 18 to
26, charactetizedlim meahadheamozrzhéméd4)ini sonenregctetaimst io separ,ate feed

i 8, 9) intoyhich ip;eagh; 110 4 Sd ted,
one Teed 11 he (9)° b0 10, CoRRaat o0 12735 he TangaRei 7 fbed dudr (43) . and

the othéf feed | itHee (BptBéi fd Wehnfdawed(Fd aipl Ghal isepsef 2fangerdtildl feed
conduits (4b, 4c,144h/p30: Ibgdnaﬁékgtw@ RS LlRivEd i thengiff o¢ ains 18
30 to 29, characterjzed, ip that t e,%‘tfotlent of the dj amsteiL gDé) of the
swirl chanber (3)™3iY3HeF ahBe ePWITh) 1 BFCRAE h02Y | BBUPPEL C6péRPAY (6) of
the swirl chanbertHe3)swsrinchambage () ofo2 120 debid at didieofofnlle system
as claimed in ong of ,glains,18.t0Q.3 characteri zed jn t . ~atio of
doubl e the w dt heiooradcfc:;)u%te %(ﬁ%ddlggrrépgr of ef#ﬁ’eté%%e%?%gggﬁsgﬁé

respect PPe tangemtfi athkeedanpaduial subflows (Ter, Tea, Tez, Ted)  is

undertaken in such a way that the ratioc of the sum
of the cross-sectional surfaces of the affected
feed conduits at full load to the sum of the
cross-sectional surfaces of the affected
25 tangential feed conduits at part load corresponds
at least to the volumetric flow ratio of full load

to part load.

5. The method as claimed in one of claims 1 to 4,

30 characterized in that the total fluid flow (Fg) is
subdivided into two subflows (T;, T,) which are
introduced tangentially into the swirl chamber (3)

via one feed conduit (4a, 4b) each, the subflow

which is connected to the larger cross-sectional

35 surface at the connecting point (S, S;) to the
swirl chamber (3) being controlled by a control

member (7).

AMENDED SHEET



AMENDED SHEET 1 4 AU G 2002 - 24 (4a, 4b, 4c, 4d) at the connecting
point (S1, S2) to the swirl chanber (3) divided by the dlffere l?mtgm]
the' swirl chanber dianeter (DZ) and the 1rgozzl e outlet di arreter P)

smal ler than 0.5. 5 32. The nozzle systémas clainmed in one of clalms 18 to
31, characterized in that the feed lines (8, 9, 5a, Sbi have different
connecting crioss segi BRENPA Siichchaidsdt Hat PRe Pded t?hBE vhilh 4re 10
connected to the tangeniteati feebdicotigat t Shehoseatr édsisiedtlicanalr suikace or
sum of the cross- Selch} ac]ecfurfac es at tohree COI’IEEC'[I ng tp0| nt QS}J SZ% to the
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10. The method as claimed in one of c¢laims 1 to 9,

characterized in that influence is exercised in a
35 stepless fashion on the division ratio of the
subflows (T;, T,) by the different control of at
least one of the subflows (T,, T2) and the
subdivision of the subflows (T,, T;) over the
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5 opening (6) is increased or decreased, or 1s held

constant in the case of variations in the material

parameters of the fluid.

11. The method as claimed in one of claims 1 to 10,
10 characterized in that the tangential subflows
(Te1, Te2, Tes, Teq) are fed to the swirl chamber (3)

so that they lie on the same axial coordinate.

12. The method as claimed in one of claims 1 to 11,

15 characterized in that the tangential subflows
(Ter, Te2, Tes. Teq) are introduced into the swirl

chamber (3) so that they are distributed uniformly

over the interior lateral surface thereof.

20 13. The method as claimed in one of claims 1 to 12,
characterized in that the influence on the
throughput of the subflows (T:, T.) 1is undertaken

outside the nozzle (14).

25 14. The method as claimed in one of claims 1 to 13,
characterized in that the subdivision of the
subflows (Ty T2) for forming the tangential
subflows (Tyy, Te2, Tea, Tea) 1is undertaken inside or

outside the nozzle (14).

30
15. The method as claimed in one of claims 1 to 14,
characterized in that in the case of an increasing
overall throughput the ijet angle of the atomized
fluid is maintained by virtue of the fact that the
35 total fluid pressure is reduced and the subflow

(T,) it [sic] is subdivided over the tangential
feed conduits (4a, 4b, 4c, 4d) with the largest
cross-sectional surface or sum of the
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comprising a swirl chamber (3) with a plurality of
tangential feed conduits (4a, 4b, 4c, 4d) on the
30 periphery of the swirl chamber (3) as well as an
outlet opening (6), characterized in that
a) in the case of an arrangement of two feed
conduits (4a, 4c) the latter have a different
cross-sectional surface at the connecting point
35 (Sy, S;) to the swirl chamber (3), and
b) in the case of an arrangement of more than two
tangential feed conduits (4a, 4b, 4c, 4d) the
latter have different and/or the same cross-
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sectilonal surfaces at the connecting point (S;,
S;) to the swirl chamber (3), and individual
tangential feed conduits (4a, 4c¢, 4b, 4d) are
connected to separate feed lines (8, 9), the
5 sum of the c¢ross-sectional surfaces of the
tangential feed conduits (4a, 4b, 4c, 4d) at
the connecting point (S;, S;) to the swairl
chamber (3), which are connected to different
feed lines (8 or 9), being different, and
10 c) a control member (7, 11, 11') operating
independently of throughput 1is aincorporated
into at least one of the feed conduits (4a',
4b', 4c', 44d', 5a, 5b, 8, 9, 10) outside the

swirl generator.

15
19. The nozzle system as claimed in «c¢laim 18,
characterized in that the tangential feed conduits
(4a, 4b, 4c, 4d) at the connecting point (S;, S,)
to the swirl chamber (3) have the same height and
20 the same or a different width (B, Bj).
20. The nozzle system as claimed in either of claims
18 or 19, characterized in that the different
cross-sectional surfaces or the formed sums of the
25 cross-sectional surfaces differ by more than a

factor of 4.

21. The nozzle system as claimed in one of claims 18

to 20, characterized in that the tangential feed

30 conduits (4a, 4b, 4c, 4d) with the same
cross-sectional surfaces at the connecting point

{(S;, S} to the swirl chamber (3) are connected to

a common feed line (8 or 9).

35 22. The nozzle sgystem as claimed in one of claims 18
to 21, characterized in that a steplessly settable
control member (7, 11, 11’) 1is incorporated into

at least one of the feed lines (8 or 9).
AMENDED SHEET
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23. The nozzle system as claimed 1in claim 22,

characterized in that the control member 1s a pump

(11, 11’) or a valve (7).
5

24. The nozzle system as claimed in one of claims 18
to 23, characterized in that the wvalve (7) a1is
incorporated into the feed line (8 or 9) which is
connected to the tangential feed conduits (4a, 4b,

10 4c, 4d) with the largest cross-sectional surface
or sum of the cross-sectional surfaces at the
connecting point (S;, S;) to the swirl chamber (3).

25. The nozzle system as claimed in one of claims 18

15 to 24, characterized in that the central axes of
the cross-sectional surfaces of the tangential
feed conduits (4a, 4b, 4c, 4d) at the connecting
point to the swirl chamber (3) lie in a plane, and
the cross-gectional surfaces are arranged

20 distributed uniformly.

26. The nozzle system as claimed in one of claims 18
to 25, characterized in that the tangential feed
conduits (4a, 4b, 4c, 4d) are arranged lying on

25 the same axial coordinate.

27. The nozzle system as claimed in one of claims 18
to 26, characterized in that a pump (11) 1is
incorporated into the feed line (10) for the total

30 fluid flow (Fg) and the feed line (10) is
subdivided into two subflow lines (8, 9) which are
connected to separate conduits (5a, 5b, 4a’, 4b’,
4c’, 4d’), located in the nozzle (14), which are
connected to one tangential feed conduit (4a, 4b,

35 4c, 4d) each which have different cross-sectional
surfaces at the connecting point (S;, S;) to the
swirl chamber (3), and the valve (7) is
incorporated into the feed line (8) which 1is
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u which in each case one pump (11, 117) is

incorporated, one feed line (9) being connected to
25 one tangential feed duct (4a), and the other feed
line (8) being connected to a plurality of

tangential feed conduits (4b, 4c, 4d).

30. The nozzle system as claimed in one of claims 18

30 to 29, characterized in that the quotient of the
diameter (D,) of the swirl chamber (3) and the

diameter (D;) of the nozzle outlet opening (6) of

the swirl chamber (3) is in a range from 2 to 12.

35 31. The nozzle system as claimed in one of claims 18
to 31, characterized in that the ratio of double
the width or double the diameter of the inlet
opening of the respective tangential feed conduit
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cross-sectional surfaces at the connecting point
(81, S2) to the swirl chamber (3) is largest have

the larger connecting cross section.
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