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nozzl e system The invention relates to a method for varying the swirling
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a fluid in the swirl chanherp of a nozzle, and to a nozzle

system for carrying out the method. Such nozzles are used, in ﬁ@@m‘m m‘\“\m
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It is frequently desired to be able to vary the
atomization characteristic when atomizing liquids 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
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)
constitute a variant. With these nozzles, the liquid 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
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 liguid
into the swirl chamber can be varied and thereby
adjusted to the swirl intensity and, consequently, to
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
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the jet angle over the desired control range. Al so known are s arq d

"dupl ex nozzl es" (DE-C 893 133 and US-A 2,628,867), which are used for

atom zing 5 fuels. The nozzles have a_swirl chanber into which the fuel is

introduced via a plurality of tangential feed channels, and is set rotating

about an axis. The nozzl.e can ave di.f ferent, c ctli ona%: .surfaces at
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ot herwi se ungesidid nozzle head may be varied by means of an

25 adjusting element which can be actuated by hand; either

the water inlet into the tangential channels or into

the radial channels is covered, or the radial and

tangential <channels are only partially covered.

Different spray patterns 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 1is

arranged inside the swirl chamber, and this wvaries the

inlet surfaces of the tangential and radial channels.

35 This shower head is essentially 1limited in its
application to the sanitary 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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15°pol lutant em ssions occur, in particular when the throughput is vgrm.
Renmedy is frequently found with a plurality of nozzles, it being pﬂs i 2002
to achi eve optimum conditions only for one operating case. Wth the known
nozzl e systens used in spray-drying, a 20-systemstart-up tine of 2 to 3
hours is required when switching products. The powder produced during the

start-up ting;Gagngt Reer %‘dﬁ;q(ét rﬁméts&?ﬁie%‘i'z@@ Wa%n@%'%@' €

outlay. Moreover, it is not possible to Inflience variations in the product
qual ity and SBageodidt spedltr@aditan efir tAGIERE 16tert$dnldresr odiR® i on

with the ai deﬂiliéemkﬂéMaDOZIbﬁ B¥Stees £11ie rl@%?ib&l@fldé&&@lto at .
di sadvant age SW r | les is the}ﬁ{‘]e hm ted an I nadequat e
o]

t he kno z
control rang 6 PY"OWEE Qwﬁbj é&z%?ll?%ep‘?ﬁ%?e °t §3&¥e aﬁ%‘"?‘?‘rproved
met hod f & vafyanglblastswmel isup fitmweneTthe oéu}aflbusdara fleel switd tdwanber of

a nozzl e whi i ssi bl b abI ra nozzle with a
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being able to conirol the mean drop diameter in conjunction with a constant
vol unetric fPeiRgorat di&ep ithe tieopoupéalr uaf c PEPERELiPn 5 & & i on

Wi t hI conto ol hbfﬂgléaﬁwyehuaewm“e f oMt rdherahsel, 5A@'t$1@#b(gl erAc&aattqéﬁuaaw t ablhe
nozzl e system or the sSe carryil out e netho ccordln to the
e s S gl - A SRR O U e T
Clains 1 andrélﬁalﬁhrraamodl ng N | aatowref | nepehés offotrhe iprdymaseich et hod

are specifie 22} r?ét{'l?eﬂ %%\(r%@-f aa%%ou§hégf 'ﬁ}%ne.rﬁui?ngi' thq__ uq:zzl e

systemare t e su ér o al s ropose met hod
for subdivi dimagt t hbesdbépmmscmamangémqaalsef eertfepnwiige s widestimgid fer in
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chanber, eing the case that upon subdivision 20 of the subflows over
nor e than tV\Iéh%"a‘ﬁ%]@ﬂ’tl?a%sf'ééﬁlééndﬁﬁt‘@dyt héE élragéle%éff él"?allnds@’rlﬁ:a’cé’s are

fornmed from phersumpf dhe ynRgesectitonBkiayr fpeesiviet heo f erthicarduits
whi ch branch o{f fromt e res%eg}dve subfl ow, and.t he sum; of the

cross- sect i oRRf *TUF aRBe GO y for’ one operating ca
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 is not possible
to influence variations 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
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11 4 ~uG zo02 - 4 different cross-sectional surfaces. It is the
cross-sectional surfaces at the inlet-ogathe liquid into the swirl chanber
(connecti ng jynt t he. it a Wi chanb, e

deci si ve, si%gg 5d?%8 9?%%%%?2?2%?#%( sgggg a%gthgépeg%%hgg% Eﬁf%fkssmﬁrl
chanber is fPRegihilinigsp@intbeingt PlE ntPs cOMHIGH sWke | "eARerdYey for a
fine drop spachmtiferi tihS AELPISSE YohO RIERI U8 thensthrid OWsnphdteei ¢ 0 the
feed condU|t§ whi ch have the snall est cross section, and 10 vice versa.
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i nfl uencisng tbejtuheoughpwitdti eostbdl Dings the uselametatie. fTbe.otTies obj ect

for which the,nethod.nay be applied is t intain i fi i

intensity at gqutiSutallgtc’yftraorﬁ %%ehea sW%EagﬁSnﬁgf"?l?n%&%%s?mc;fs?}%Mt{l’hee ratio
of the sum opurpeserofsezeryingabusuthacmstbbdt he feed conduits which are
affected in the full |oad case, and the sum of the cross-sectional surfaces
of the feed conduits which are affected in the part load case is to be 20
sel ected to BecardiBsgstoashf ghndenthendeshee PG 6% AFRIGYEGTRY i C
flows indhemeangs o fHt! depadirand paebikoad. ikecprinsi pl €aph swd Il
control accordln% to the invention can be applied dgrln% atom zation of
liquids 25 | AOEFREPERESRBoNYAEIZRE d R enPLnorPfes BEPRAFRG eit her
tEe i qu: d Oﬂhﬁthedgla'i'eorspb@&ilfﬁé@ Pmovci:ﬂ@ﬁ&“ Izhhtﬁo Ctl.ﬂcumf]cﬁfaﬁﬂihaig?éolfeﬁegd in
the nozzle. The.a ication_is perforned in_suc way_ that the thod is
appl i ed bot PP L apreEerell Fhfi AP Enevaem Akts L oG HAr CHer of or o
possi bl e to ohAfClahwe 1hetdrdp.quality in the case of doubl e-conponent
nozzl es (W thout changing the liquid throughput/gas throughput ratio. The
purpose for which the liquid is_atom zed js not inportant here. The

atoni zati on ThA BEopesesr mathadr s euhdivdéding thimseybEAOWar VAVRY of a
suspensi on i pahfendiy1t OWRIed HowBHALitkt IWhBdS0 RATFeR e 19 atrHdize oil

whi ch, as custonarg Wi th burners, is burnt at the nqQzzle qutlet. However,
the fluid cafi*8PEoSBEt LR, SHRhfaceSsati SN50SONRES TP Eh PRI 5% -Hsmponent
nozzl es, swirl chamber, it being the case that upon subdivision

20 of the subflows over more than two tangential feed
conduits, the cross-sectional surfaces are formed from
the sum of the cross-sectional surfaces 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 -
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i's pI’OVI ded vmth a svm rI conponent in order to atom ze |iquid. ng
gas can also be provided with a swirl conponent without the presence of
liquid, as in the case of gas burners whjch operate 5 with recirculation in
the vicinity of the nozzle outlet. Finally, it is possible to conbine the
principle acc tothelnventlonvm h the ill-return nmethod, .in order
to permt a f‘ﬁ’r%rfe’ge% den‘F’ﬁ%S%Ts?Wel%Bﬂ r ol SP’é%S‘éESWt hikost 18pr ay- yi ng
10 systens, tdwoarsesadtimidl nsilrdecaezzbes tise priedletdedff orhejuiltiendid f er ent
reasons. Inth a of Jihese it ha evi e e sary to
operate with El preggﬁ bed r(railozzﬁ % (tconnel% R}g{ eaggﬁ% ang}ég ffﬁet
product ther efoJTClelTECéBQI tsu el aChembge'I)ecwlnmnh 18ref d¢rel$lmql essyls:teem and,
because of thg,Lhangs, L5 ed st sgrpad ko he WA AP and
run down. The new system rendiers I p%ssitbf: g %g guﬂkng operation, and
it is even podAMIer t S ciirpdort c‘éh%ﬁolpoe\mtng iH £hat RATOULS neasigdnent of

the product ZfQ,iar anﬁt%r%lé%ﬂ“?éfoné 'Elﬁ@e ars UC‘spBéEQf{IﬁlteriitV\hll%h
result fromwear of the nozZl e can be | evel ed out over _a certaln ti e, and

the service 9T DhetepreRtakdfer thgn PRIV ofBRbI et bytle n fEfd case
of using the dondutt®nwhichhehatel d:hé @malqeBpustie8s WESESon | S add

achi eved no\peratln with a Wﬁ d_range W|thout the ret Ln l'i ne and
wi t hout &Qr yi g T he %{S%.hg| e~ PHeEBR ﬁ&ﬁ(‘fﬁ on ¥AH4F% vital | §uncisiged
drop size. Thientinfuasiges tTiee ef $iboplesneswapf Dlﬁe enfiluenkéagi ngheyst em
and the Serv'ﬁﬁddg{rﬁoﬂ bhegl boédt?fdlcg\?' fge ddn ﬁ%‘é’ 30 ASk Of Thé ugkyay! ”9

heat requirenments there IS Nno nee nglenen frequent running up and
runni ng down ¥¥jade Higmewhithe Khehowehbedr dhay thke t lPBliacht iieh &&n al so

be successfulgai@Rpin edl Lpetheicagqnioh dast dHYNSS %@%§5OQE§Etd‘f¥om
burners, _chiefly in order to influence the shapé of the burper flame. In

the caselof tH¥ apPiTtafhemPst -t H& itHviht FaBet o tPGelradti6hi ¥hat FBR sym

t ur bi nes, a re@cthen dlfbghiéeﬁtelrﬁnﬂpeeawfagerseqw reﬁentﬁeeds t:enderle@
possi bl e.

. ~ 4 auc Zodﬂuc% a]ﬁ%cggggF <l dfaptis hgu}heﬂogfiorﬁazqaet’ Hn the sum "* "
aircraftturbigfesbbeausm - &hdtfismaﬂt eoadarceguigenthes {¢edinchpdriite, nor nal

flight) or begayse ‘Aﬁ:ed'éfﬁé?%&o’it}}‘srt?@” ;%QPE“ Ligng Chbe degsidy aad

corrp05|t| on of5air varyas a function o ude This is no ossl bl ewhen

appl yi ng2Phe SAXSRFERICORE RE tHEaHei a9 higbnas FhRendesisedi Fadiai fussi ons

on the nethoday ddmadesi gt of 1dhe 1Wzzhesceses gerf Wwhbhl n1bhef eageparkof the
fol |l owi ng exglrg%gdary enbodi nents. 10l n the associ ated draw ng: Fi gure 1shows a

nozzl e accor to the invention ina three-dinmensional diagrammtic
representati afhe-i gor en@ighibevs afl osgiitrddi radntoedt | cnndcpr@namg)rdancemeh t he

line AAAin Hi 5 u a

accor dancew tjﬁg}%&llj?r%eg%gBB %ép‘i‘é’%g 14%}&{# &ﬁiows alJEott Pe\f.\llsof t he
nozzl e |ﬁ§ccdrrdarﬁ:1é'1%q‘r¢°Flemeé1tl agd hetgu &%P&P@nﬁoFP@&Fée%héﬂs a
circuit di agrandiore sk Wrh nok dnbted | o de hé og\eéoertBetnoazéep&epﬁeeent ed

i nFigure 1, Fl“g's e 6shows a fgst her Vi\l’l ant enbodi nent of an%z n an
expl oded repr t &t i oL BFUPREESRF L Rer e FPEFenstTFi g‘{}?ee 7RRB65St he T

menber of theapp)]zazdaszzidrawmrpleﬂtermeﬁhlﬁi guch G Faurehdshohs mei:hbtlher
swirl nenber for 0zzl ac ance t h R gur 3QFLg 9sho t he
top view of alsswa??fnéérbg P, ﬂl a?%e replr qgﬂcf $l ogﬁ aes cijcj)s\k{%vvs a
section BA admarhdanie st hthheefoneAp@salhaegute prﬂ@tealtc@d ttij9d;rI§pgure

11shows a cirgil tlzztg)haﬁ{ AR OLaGe ”BEZESuBi%' 88?&?8&@&%8%&&&@' wi €8dut

conduits, Figute ows a circult diagramfor a nozzle havingfour
tangential fecRPRpinAI the ah#quid throughput/gas throughput ratio.

The purpose for which the liquid is atomized is not
important here. The atomization 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, is burnt at the
nozzle outlet. However, the fluid can also be a gas.

This case is possible with multiple-component nozzles, -
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" .1 4 AUG 2002 ., _ Figure 13 shows a circuit diagramfor a furtrt
varlant enbodi ment for a nozzle having four tangential feed conduﬁtAU
nozzl e represented in Figure 1 conprises 5 the nozzle body 1 and the cover
plate or nozzle plate 2 arranged at the gutlet end of the nozzle. Arranged
in the nozzle body 1 above the swirl chanber 3 are two feed lines 5a and 5b

whi ch t yal | din.th ' ' d | et
e of fset by S0t R @abod | (R e Snt1h 1o HOFLz oo B TYEaE d bpac ng

fromthe nozzmiext aﬁ;e atoﬂiheeoﬁmquigh dfiovéreet cetihki mges Searandl 5b dree

connect ed vi aﬁf% ‘éuéﬁ‘eé t80 ﬁQﬁEall« £hBﬁt19hfe°E>a%§§%Q9 dehe

total fluid f Igure 5 punp 1171's 1ncorpo I'nto 15 the
line 10. A vali@uid, sapncidt pbhat eQﬁ%ﬁ; @fccﬂnﬁf oburaessr whieheoperat® whi ch

branches ef f i thesdine iand {9 CQH@eC{&gtht%’heoEGGQhE' Neo2le
Representation of details of the fastening of I nes and the connection

of the nozzl @HOBE 1 ahEnabi¥r plidt e 8 waPOBE 1Bl &perted FPTRLIRG t kdSpresent

draw ng, si nq&iﬂzﬁ%ﬂ_@reae@@m&igﬁg techntages hddntdeh tvhetrper&wé
skilled in the i 'S conveectﬁlnt Provided, in the cover, plate 2 the
%‘;eln Qq

nozzl e outl et® TR Wit ies Bh (& enttCal PRHTEY of 3t héc'uf'f&} iFe
and i s conneatiibriing hefswhlel @dmmr Bahgeatelit&bm@st heprayedrpliae 2

(Fi gures T, 3 h t he|
di anet erlévhl n%&gr?sl veEI h%Pdl ar%é‘\réjr gio r;e out g%cgg@ﬁ%ng 6 in
the cover pl dtar 2 qudseni dgftfﬂtrenttherswsphsehahbertlﬁe areasg) fodur thesgent i al

feed condul L e, d¢ anib ddrcvhbainhausdhicrsemesieloto | Bsaghcase at

the connecting point to the s The respec posite
condui ts 4a MdM@ RrotrEiRPANaFel @ 0AREREETYt oTbﬁefFégblePFn€§aBSe§nd 5D,

resr)ectlvely,mnahae@trbe@blty tﬁ%ﬁéfﬁ@eﬁeééaﬁbﬁthﬁedaa W séQec@%rAd
The feedhéond 4a and 4c, which havg e sane cr sBﬁectlon at t

connect i PS % r SYSTE e dar PRGARLL & EhENRER | P e 5a
via the vert nn:aiz]manﬂenqﬁﬁréd ahe Agyste"ﬂﬂehdéf it theonroh 'gr cmsd seahi onal

11 %kﬁ#ﬁ ZQ%e—Bﬁew system renders it possible to adapt
during operation, and it is even possible to carry out
control owing to continuous measurement of the product

20 parameters. Variations in the product parameters which
result from wear of the nozzle can be leveled out over
a certain time, and the service life of the spray tower
can be prolonged thereby. In the case of using the
invention in the field of o0il combustion, success is

25 achieved in operating with a wide load range without
the return line and without varying the jet angle in
conjunction with a virtually unchanged drop size. This
influences the effectiveness of the entire heating
system and the service life of the boiler, since in the

30 case of fluctuating heat requirements there is no need
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 in turbines, a reaction to different
operating requirements is rendered possible. It is
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surfaces” will be examned in further detail below The feed line 5b is
connected via the vertical conduits 4b' and 4d' to the tangential § A8 2002
conduits 4b and 4d, which |ikew se have the same cross section at the 5
connecting point to the swirl chanber 3..The feed conduits 4a or 4c and 4b
or 4d differ in cross section at the connecting point to the swirl chanber
3; the feed conduits 4a_and 4c are _not _.as.wi de as the feed conduits 4b and
4d. The of f sECFERAY aFPard@iRht e 16UPhe FhATVFALEPf &8l BOAGHALS,
referred to tthetbireentbedause Sof byi fPetreneatbadasequerementect(@dubits t o
maintain the symeiry of _the flow af the fluid_ | t he. swi Kl r 3.
The et hod ar‘?ﬁéﬁ'oe g‘rmé;ng;pl aﬁnle%lﬁ)oi ntolry wg‘taﬁgég ereonfze ?gfggﬁf@g\%i ng the
control rangeontBmstier i cendstépnss (thecohsnsttryt hndcasempesithienh ofie drop
quality ig tqinengizp apgel ¥ upiformihn SONjHNcld QWi t g vagisablhg overal |l
t hroughput. This is a requirenment, for exanple, wth oil_burners. In the
case of full RABELPYee WbEEr aRPPLYEDEd ERR oURRiRd 2@geonding hdovi 388 over

all the tangenhiedtif@ed LQRENELS Hraidld 481 sbdsdiohy bor ninWg #Behod
tangential subflows Ttl, Tt2, Tc 3&9 Tt9. This is achi evedFEYPsubgl vi di ng
S

the total fl @Y fIGW FEGSHB! ¢ ¢ ovBOFFLGRd FPCTBE chWaFBIRespBELi vel y
applied to tifradmachdd RES the vl 1Pwindd eyt embbdiMerdds.i s applied to
t he tangfﬁl_tial feed cion(% its 4b a}g:egg, that is to say the tangenti al

subfl ows™ Tt 2 and Tt 4 (Figlr &5 i Biced by control ling the val ve
7, that is tdispre He tdioousghpubontléehectandéngi d&lo salis | Dmerlt LomandnTt 4 can

be controlled 30 there L AUl . I [RYA .t he
tangenti al feed condui %Zt%%ga%lﬁ%g?ﬁ%ﬁg%égr al i ?ﬂ%ﬁ’gﬁ%ﬁ?‘%&&tﬁg”l n the
case of part Higage R Shevimt ar nbeBaieudinel s BFIGYIT2 i RRECKHEARER | i ne

8, which supplies the targentHeal] ifrked -@onduigisndle and 4d 35 via the feed
line 5b,_is choked tp‘[/ rr%[%ns of tﬂe val vg_?. A larger throughput Ttl and Tt3
t her eby PAsséSTH *t hEX MR et | BPPFLEUI LAY I TREELMNd ™M ECFREIPRFEL speed
in these feed conduit s wiitdesHehdrihed&s{B timy Fifqaide ng overal I throughput,
and therefore,leads to gnst ant e piacy ¢ f - ._...E) 4
AUG 20~7~ _ S“E SW I ir?gw?rrvﬁq’verr%nt bgf Pﬁ]e Siulﬁwet (E")fi)enitrr]lé3 6 I})C%zztlhee n(l)gzl e.
The lowernost limt of acoestdamcedr opitjual Figurs r dachewl eyt t heoveer al |
throughput is still jughQigected through the feed conduits 4a and 4c, and
the 5 feed conduits 4b-and 4d are no |onger affected. If_the overall

t hr oughpt? dfdERITEén FCYSstR ofGrFUisn FHRIRReIPR FHPHeL idtDbpthtanet er
can be expected. The sé&qQeid cdewwifelr cahebenbreatedrepragehbednetihod
according to the inven(tjpj.on is.the control of the drop 10 size in
conjunction with a thrddghFt Mhi ch remains constant. The subflows are
subdi vi ded i Figumsy 6si mHoaws t @ t Barftihest cemeiant témbadbpest zeofs @o be
reduced i n conjunction f he; sa u jote o :

i ncrease the subfl ow wﬁl:Mc sedpg."llfegﬁt %gb?gg Ell :rr? I%Séeéléﬁ T%glsgc%/ﬁ/ergﬁf

t hroughp®® is to be kestififereardntvi®y'smeans of an appropriate circuit. The
opposite progaduire is tshoie adoRt e@wifrla mamBer deep shée hézdesi red. A
further variant enbodi nent gﬁa noz Ieé_j.s shogn in an expl oded
representation in Fi gufEBTETWFay Ut 66 PFS Srigential feed conduits. To
ease conprehéngue 8 hahovzzle fsrshennswihrlwmembews fort e vozmla an a

vertical arrangenent Ofact%g%dé%:zel it%nq:‘it ug_,ewsewp as an arrangenent
i nclined about the central axis. € noZzl € corprises the base body or

nozzl e bddy Fiaure OHwi shows the top view of a swirl member in an

enlarged representation,
Figure 10 shows a section in accordance with the 1line
A-A in Figure 9, rotated by 50°,
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



pT e

25 nmenber 12, the cover plate or nozzle plate 2 and the cap 13, which is
screwed onto the nozzle body 1. By conparison with the nozzle rebMeﬂHGtHﬂZ
in Figures 1 to 4, the feed lines 5a and 5b are arranged not horizontally
but vertically in the nozzle body 1. The730 subdivision of the feed |ines
5a and 5b over the vertical conduits 4a', 4b' and 4d' as well as the

tangential feadngenductshdd Ak Ad, diy£dm 0peR & nEQrthersvhih aghanmber
3, is perforned in the swr)], menber 12, which is designed as_an

i nt er changeabl e i nser t .E™$® AN yed t heé® und®PEFte of PEKESwi r FHEmber s
a correspondi ng cutout taggenitd alozdesl plaaidizs.i n whi ch the nozzle outl et

opening 6 is |ocated., he_line branches d i ar.e to the
feed lines 5a and 5b,Thaes Her fgs f%ﬁer ?%%t%g f%ir }ﬁﬁg%?&é g?ﬂlpggggg\] 4 AU6
~Qu~ - to5 flthe wiadelehdgsynd kEnd drhe tdever rphaeeestr vdzehe pdateoR val ve
7, which is inceorpiatad LRLO, [ : kgl i nheci ea t Q& hepl i ne
5b, are not f%presented aga%noiﬁqfﬁigﬁ¥?gﬂrgﬁﬁ5 fﬁgﬁ?éed Iiﬁ% % ngpges in

the swirl mefs& NQZ7heoDORY ver aPedE cMRIuBKiZA'  CHAIRIF oferdFs nE¥Ot he
tangential fee@doontid 9a. ahBe sheaghidmeapd makaas 1y eV {4 gREber 12
into two vertical, conduits 4b' and 4d', which are res ectlveéﬁ congected to
a tangential ¥dé&d G&ﬁﬁﬁqlqﬂ) o¥hage ( ENg&te OPED ﬂﬂ%cﬁ??e? geGaP¥ed
enbodi mrend s afoct.heTlsad fleedenhiied 25ar eari@psesariredhbpikbguadiy7 etnda8, as a
top view a or__hot.tom yiew respective The irl nmengber 12 in

hobor dance weRR ALy BN BnelERBRRs BodtRe s TR noRBORPSRomT | APRI gur e
6. Unlike 15ﬂﬂgﬁlkﬁmQ§,5ahengM5ﬁ ammbepnmégtadawd@rmmmmaaﬁ§hlEhgare 8is
equi pped onl y wig h b g ngeal Aideerh cepluldeaidy the Moyl ephdighons
the top view, _and the view therotton1V|em4 respectively. In_the variant
shown i n Fi gde®w7 Fot HEigMgRd 5dubP dwerl guani by ir bagprpoerakeds éBHOI i ne 5b

i sbfsrbdi 'yr% de@ﬂéﬂtpiﬁ%«o 1:oﬁnqenbbabtejsw|3f F.Q""Siri@c?r ¥ td, atgﬂda Eafsnetuﬁgr

su ow passes into the tangential,K feed condui ou u er

Subdi vi st on’ METEETe Vo Pt LLREwE (PG PESBChERe o2 Bl SHE antie2 25

are not further asubdisicatherubdarts fede t Peédel Sneé rsbchrepees8nuvaribhe

respective a%ﬁpchgkgglganggntégé ffe éﬁgﬁﬁ"tofkiﬁﬁé 4Q&n}%e gggangﬁge of
| at “ditferen

the nozzle shiown I Figure”6 CONsists C ly™in varrant
met hods can 3I0nneqtdsin z&fll tlye erohahgi dpdvhel sand| cevatePlbittehcut walie need

to replage the Qlide NPEA 6in THRe dptakkst0firbhA e SReGIde/ ec ez | grgan be

configured différently in design terps. This al so dependent, in particular,

on the respeCONEEIIY dreded Bresppt FR arhofb ot Pen@SI5Po A Bl eFhint op

view of a swithe Gli@mier cdnverisemresented in an enlarged fashion in Figure

9, two tange uits 4a_and. 4b opening ,j.nto_t he saiduggggber.
S c

The two feedgﬁ%ﬁéﬁ%ﬁgdigoa 45°K&ve %&? ?r ntl§r6§§§sg€ﬁz&ﬁalo a es at
t he connecti pening- 6,r which ldies tqn /the "céntral axis . of . the nozzle
25 and is connected to the swirl chamber 3 located above
the cover plate 2 (Figures 2 and 2). 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 4c’. The definition of “cross-sectional



yemd, ottt 00" 0" 0k~ 4 AUG 200 ~ - 11 point to the swrl ﬂﬁrxﬁgr 3.
The tangential feed conduits of a nozzle have the sane hei ght atl 2002
connecting point to the swirl chanber 3, and can differ in width, if
required, as illustrated in Figure 9 by B the w dth dinensions Bl and B2.
The respective width dinmension is the distance between two points of

| ntersecti on Sh200eS2 Y1 09p0NCBahi ABAPLAIE Gl (R LANUAOAXI M the

poi nt of intersection _ ol nt “of intersection between the

| ateral surfateedfligethle @i FPNERERBEr vaAd thige MeHticaddjasinitshedt o, of
the tangent i ahnd ead-COREUI the ARANARLARIN £ebal NSHALOLd 0BES22h8 tdg, POI Nt
of intersection of the parallel line with the opposite wall of the
tangential f R ndikevifRe fecthfy FEMAt Sgoﬁﬁe FEMGERRi At 15-H%ed
conduits 0 tdenseétinghadiit cap althe bewdedi goRdmBera Eir CTHar fHass

section, in i case, di fferent 05s-sect i,onal. .surf.aces are then achi eved
inasiml arm@\/\%@g‘ﬁ%/@?reéﬁsogf 45i f—"ln?; e‘ﬁ? Ut a tgﬁngF tHe clré’ssﬁecsfei e YPores at
this point. lataltde ecengest theapointr obo2@He gawerd tdimmbdre Bandsh i al
feed condui ts¢dasapd, 4h,¢an A{’ae Qﬁdd'é‘{ e&fﬁt o %5'9% QUER! des t PReCcaGEti NG
point to the swirl chanber, for exanple ey can have a constant conduit
cross sectioncorfuite dbndand dAessThrecpffgetarradigsr prrangenepéctdfon

tovard the Swié 2Rachashel - £hoq! Bengasesol rwR-aR0eR! ilesbeatpandui ts of

a nozzle, as represented in Figures 10, it is mandatory for these
conduits to h2X%eSdi fP%r et® cridss-aaktt | Gitfe siFER eSHCIURA c ottt itRy

poi nts to themsimhtdighadesymhotifieoeasReOF 160 ©ft it Fu2id0 itARgeIHd al
feed conduits, t latter ¢ have the .same_cr.oss-sectional surface at the
connecti ng po?%%lt]foc?‘ﬁg‘gs\ﬂ ?:{] cﬁéﬁbé?e?trf?g‘teﬁgﬂ S e s2efit 1BP1RPY hat
the suns of tjeinelevanthcrefersecei ol achiéwates wheckoateodssiagrg=l to the
R e
nozzl e out| etdbpeni myald tvhe dBanei@r BFEWHiN helswBelychawdbekormhe g m
bei ng that theohfihe {8 Bl ehoy! dabeableaotarae 1l teFodghput?. This is
y~. " W e, T o~ s o, o) 4 AUG 2 - ?2 t he case of a
design of a nAZEFTLIFETERE pl iP5 $FFMRES ¢ Wbt 9Lt %%’é%e’é%ndui ts, it is
expedient if thethattgseade dudlribatiedthei beetay lovdmutilde thirotighpritence of
the irmer20I atlgcr ais Sglrllf:gf\?l o.t-_dt g%egwiarlll Ctl’}?enbt?gngclertxt:r.]gf feed conduits

4a, 4b, 4c and 4d by forming the tangential subflows

T, Tea, Tes and Teq. This is achieved by subdividing the

total fluid flow Fg into two subflows T; and T, which

are respectively applied to the feed lines 5a and 5b.

25 The subflow T, which is applied to the tangential feed
conduits 4b and 4d, that is 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 T.; and T.; can be controlled

30 thereby. The 1liquid 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 subflow T, in the branch line 8,
which supplies the tangential 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:s 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



5 proved to be advantageous for the swirl chanber and the cross se%iﬁgg@ojwz
the tangential feed conduits at the connecting point to the swirl ¢

to be dinensioned in accordance with a specified ratio, and specifically as
follows: 10 2B < 0.5 Dz -Di B signifyingseither the width or the dianeter

of the conduit at the connecti ng point to the swirl chanber, 15 and D1 and

D2 being the ﬂﬂﬁtﬁ S didly Qout].et t@fézzloq“(tairgj: t egwr{d Q;hagiger

respectively, as ex ove. In a wa nown r t he hei ght of t he
swirl chambernqzzle | e@%rlww%nl%fhhﬁ @ﬁecgnaﬁéﬂér dr?ﬁeqpa,lgéw filfe ratio

of the swirl el GiRFEt @hd 0 hikeadd Neralipifdiet i@ amtien (Baghz) |

the nore effectively a potent |aI vaortex can_formand a hi hmr(g rrggrentlal
speed, whi ch $FeEHBCOMRPEFONEREr TessH SRR LEE | 8R &S HEF 11 3R n be
set up atst h&e’milzd:cmmﬂﬂﬁtllbl an8ihedcase afo al drgge sPEettebanber cicamet er,

t he speeds at 25 t al surface of the swrl char‘r‘oﬁré can_al so be
|l ower than irfYt ase gfo‘éﬁﬁ é é%oﬁs chahbBr di%Tet e§tsro pEcause
of the Iargerlrrcacthaale dirs ttadrec endan tdwom akidme e |eAn dpeemxgpd'uegher

ci reunt ere”t'ﬂ{f SQ@@QﬁdaEﬁeEOWH%h C@meﬂaew tdd enélaéﬁ?g kapger 30

swi rl chanber aneters t cross-secti onal aces o) condwts
can be of | araggorfEgignto ThEepiawestiion oistﬁbet SegéEmolaloff eeldecamami ts i s

thereby fgndessesd Shﬁpléén%@s@twﬁ rwlsclﬁ oh btﬁfésagﬁpafonaudm BRagage of an
excessively large ratio the swrl chanber, dianmeter to the nozzle

out | et di amet&stfditeyethie t fighbgl ?‘§Saaa§crs@£>9év e(qwe”bl?cﬁﬁi’elséﬁ‘ﬂlléF speed

because of the weHd fided i@ise. 1§ "the . drop size"is" to. be. reducéd4 iAUG 2002
- 13 Various_ circuit. arran emé?lts f or %feregt gari nt . enbodi nent s of
9 PH

nozzles are repHeEsHesd i ¥t Mg o 125°UP rds-'f ot ® aLTERE2EFT cui t
vari ants shown incredsag thieat sunfdoeomdemde suphlFegurthes, feddt lihe 5

cont rol y 8 Craent yap ke haat RHohpHS L OF sLha.d | Hbd s dndinder taen

outside the nozzle either via a separate pu
control nenbéreang ofirerapweePr e alycpdssi Bhei PP@@SéFel ﬁF@F?éﬁFﬁon

which act on thecphpauahiigrd fheaf l:gd) or-sychias, i) dosiexanphe,
throttling by neans of valves, |nfluenC|n t he cha acteristic of a Flurrp by

changi ng t he SHedEf VaREaRh eBPOddMepkRe 95 k‘%,n?ﬁé Burthe " ™Wbdt Vi &Pon of
the total fl uxblodeav Eepﬁsbﬁwﬁ:ttﬁ{ sitpf Fousrdle Tanét chascanhbee

antici pa d ither .i.n QL outs dethe ozzle 1 ws ~to Tt4
re al nagd TR e SRAF SRIAGERS L aASonr s o e Al o FhEne
enbodi nent smmzllm :l%gshcanmm,nttmovoi@wsf’rutuefvgwm tedabyentpgap 11 is

subdi vi ded | nd,0-drpfeniiftf | 5 HhetNdobz16And hed kel NGigW rb chanbgp via
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 5b are arranged not
horizontally but vertically in the nozzle body 1. The
30 subdivision of the feed 1lines 5a and 5b over the
vertical conduits 4a’, 4b’ and 4d’ as well as the
tangential feed conduits 4a, 4b and 4d, which open into
the swirl chamber 3, is performed in the swirl member
12, which is designed as an interchangeable insert.
35 Arranged on the underside of the swirl wmember is a
corresponding cutout for the nozzle plate 2, in which
the nozzle outlet opening 6 is 1located. The line
branches 8 and 9, which are connected to the feed lines
Sa and 5b, as well as the line 10 for the total fluid



20 one tangential feed conduit Ttl and Tt2 each, which have differ egb "
cross-sectional surfaces at the connecting point to the swrl chanb HJ)G ?UUZ
the nozzle 14. A valve 7 is incorporateddmno the line for the subflow T2,
which is connected to the tangential feed conduit with 25 the |arger

cross-secti Onﬁioﬁuwlﬁ’:@ze @het hﬁuﬁg”rﬁct' %d@%ﬂb thi-Qﬁ SHeAL Qﬂ'a”@?{e An

appropriate throttljing flow T2 simultanequsl g varies the
tangenti al su‘E)CfIP‘bW}I't‘QaJaY\%I Yhu‘gh’rﬁlﬁl enérsorperetrpeuAPEPefitral 186edd of the

fluid in the widéh CHasbghectsd therely 13thd hepdr oapespeet reprekentidae fl uid
energes fromthe nozzl This basic variant entails the | owest outlay on
product i on. THETASE Wi %'HF aélc%‘?'ant liquid throughput will be discussed.
The |iqui @8 i sTHedferd hihe ke madgEsd 1mothabélvd)w§; aeebéor aed 1byoa the

bi furcation. S S flow by val stream
of the val ve, J‘?’ﬁte éaz éwg‘lqgtfg% t'o ‘%’ con udtt tf[?% % Far gw:i
Cross-secti onﬁﬁteéuwla@elt The .t Vithel |ﬁ"ﬂ€td nblnaséb a!raa:gya/e;n hhﬁelsyvlwﬂen t he
valve is fully f% 1n%8‘ WO - vertécal con&uhté gna 4d14 w%ﬂ%%y

0 e UI i's

closed. In the case opened val ve throu
di stributed A%® W?ﬁq%\@%n@m%ct%eteu ?cﬁﬁﬂ@?éﬁﬂ?él f§6ée§°ﬁ§$1l|tts

| owest vabue @ bhesignneridiater | Sehbach fafeddit SWarie® ehddBementRd the
circunferenti a% slg%eed js t ere%_/ al so | owest at tha noz%l e outlet. The
ed

hi ghest val ue® St HYETPRT cif cB%FeF ERTFEPTER igHEeRoZzPE%ut | et
when the val v&, iss o ased . vikwe & adrt Q:dﬁtddnarsémlb,eatespmmmj onal surface
of the two feﬁg 10 coridwts dete:g nes the I’%'[IO of [t goad t full | oad

whi ch can be acChi &Ved; %“‘bﬁr case 8F“RACEA“Ene” a omi Zat 1on pr&ﬁertl es
do not essentldﬁrhtylaﬁiarm théeseirkunemberi ahbwshonnFiiguFegér eUbl ike

corresponds tand hg ezzl €. ADOML ) P, 102VIRY & ddndPThAERL2 | )

15 accordance wth he circuit variant represented In Figure 12
differs fromXiaixs rE’cwltS vEAHARPeShoRR1Y N Wil £Wa Sangent ivdat fegd

subflow TZ i sc&mulstt&ctan dedl, iTHe @.ﬂ@wtangﬁawgathéubbbowlewt af¥eknhkhr ee
tangenti al Subf|OWﬁ Tt2, Tts and Tt4 whose su é{oss sectl onal
g

surfaces of tYeY § APOFERE il t SSEPEThLVE DolVAEIPEY ar ger
t han t he anal sigpws 1t OBSgweet 7 pnahe sfiliade shbif 1olwe 'Itlalﬁ@;ewnngl taubhbaw Tt .

If the |gpger, ol 0ss; ﬁeci%lqgal gurfsacgubalg;??ggne ig %Q, he.6888t9h12

Circuit variant:in Secor Jance wit e ver]%/ arge~rn ferati on
to the smal | esulflows sBet i opdl Tsur f a0, threr ethert ubfilaw t Bat Paspesetri es

can occur in :t.xt@ofltaw Of abhent 40 ddud hecsWuik chamiarenolhe vartaat
repr esent ed |n 5 ure 12 is 30 proposed in order to avoid this

di sadvant age.® Qrariant renders it possible to arrive at feed
condui ts vx/m cin attee aramaiged shfﬁﬁnti'te Fiere | @) etled swisf bowes of, taiel SNM' r

chanber efare 0 a symmetrical {l S

Cross- sec [ ong]ﬁ?é s%’r8 acéeura%?eﬁ hg églf%ﬁg (ljag\glee %ogg]uq'jthél B & ger at
t he connecti nehgpdien 3 haie tthlae vésphetivenansngifbed cengantlwﬂu freds fed
by the subfl quyhiGh 45 Joted nfluenced directly via the valve.

The advantage of the nozzle shown in Figure 6

consists chiefly in that different variant methods can

30 Dbe realized by exchanging 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 case of use or application of the

35 nozzles. The top view of a swirl chamber 3 is
represented in an enlarged fashion in Figure 39, 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
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of the CI rcwt variant shown in Fi gure 13, the design of the nozzlneh‘eéﬁe ?UU

simlar to the case of the design in accordance with Figure 12. The
difference consists in that there is ne branching of a 5 total fluid flow,
but two separate subflows T1 and Tz are influenced independently of one

another via CREERE!I€oVONE SELAWIPURRArkLy 11, | 0RQr POsaLed: L1 0 #heql i nes.

and specifica y a change int t he he case of the
conveyance of CS?O dugEfendt orfs, Nazike sdimdte né@eneéé%ar?eﬁahévo?ﬁ bHerkage

through line ebagseceenli pEsSntasol &h@h%ﬁ&ae HamtlVes, Ind asdes , d5f e
obstructi ons can otherw se occur.. is th refore nﬁgesﬁg to u

e a
vari ant in whirBh rowst c &F W eﬁ’fl uRFcdd LUFXAGE s 218P%an be
perfornmed 9y phsi twidtldi dphanstents mnpandhe@se dnlﬁa:haegpechawact\eid&tl cis

varied. In ac Wi t va n se ea ro of
eccentric mrﬁ?@gﬁg\%&ﬁu EQ %h 11'(§V\§%és%c%hr(b)ﬁ§ g k-'Q'gdag{zj ?i" \% a c\fla% change
in speed. Thelpteseﬁctmneﬁu endc& dyia®rbea abpneeﬁalrﬁléséh teasdse wher e

S necessakynt BagORKIBCH, O | BothE ! BECTnrLAUANRN! . ddieep i |

angle of the fluid energ fromthe nozz e const ant
i nfl uence t hePedREr &f #nt:ﬁés?étlaﬁglllﬁt‘ﬁﬁﬁ héhéas]@f(ﬁr%m?éﬁf-ﬁéﬁalogw rl

nozzl es, 1@ 25char gefidiet cRavaber i andcht gy edaniit h ddrd east nﬁhb&@e@ghwﬂ An
increase in the jet a}&gl e Wth i ncreaS| n overal I throvghput l'i ke%/vl se to

i s
be noted in thBecad@ndentiélnet fi88dac MG 1 o BRE ti BRP

conj unction Mhheﬁséﬁtﬁﬁﬂstantls atuma obosulf | of\s 1n‘ﬂé&sfe@id1@m nngIﬁhEit i on
results in theaggffegf t.he use t he ci rcug:t va ? n actcordaq:ce Wit h
h

Fi gure 11. FoP v 15ﬁfal @'tl ts%%r%pp?ﬁb %vg? r%g can anl
i ncreased by b6pedi mprichd tval Vee ‘ﬂm"n}ent:atml poiistt Mebbeslua;‘rgdrytiﬂ

I ncreaseds Thegeg thﬁﬁlth LSt tﬂée%%‘irrq Ichd nﬁb‘éﬁf %%n"‘@%& e Vd?els}/l ded
cl osed, a constant jet angle is achieved. 4 AUG 2002 - at ent
d ai s as a circular cross section, :Ln which case dlfferent

cross-sectional surfaces 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
asgsigned to the respective 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



1. A nethod for varying the swirling novenent of a fluid in the Zmlmp é@ﬁ?
chanber (3) of a nozzle, the 5 swirling novenent not bei ng coupl h
overall throughput of the fluid flow, and the total fluid flow (F~) being
subdivided into a plurality of subflows {21, T2) which are led to the swrl
chanber (3) via tangential feed conduits (4a, 4b, 10 4c 4d) of the swrl

chamber (3 B eEasketZed GBsLhRt e, sHBLLowe iy J2aate)suiog ded

over feed condurt Cross 1 onal
surfaces at twmllﬁge@ocﬁnduetshelﬁmsl expedbent( 3f, the Pdatien he

case that 15 yp@ﬂdfy@myuéé@nuﬁif&%ﬁuabée\ﬂﬁh@%arls%)nf@%hc@or& tdigh two

tangential feed conduits (4a, 4b 4d), the cross-sectional_surfaces are
formed from tHeNeEmigte crsb‘§§a§§ctP5naqh%ursﬁ*’&é-”és ghamRerf eetl cottfli t s

(4a, 4c os 4%r6kﬁiédV\ﬂl>Clbe bé@ﬂﬁhtQééoﬁsofBE‘O'EhTeh%w&Q&p%%tanib\éQ s draw (Tl
, T2 ) , and the suns -sectional, fI‘?L?CeS at _the connecting

0
point ( S1, SCZ"?S? oSFﬁE"QRFrIOf; eFapagnyig I SRBIIER 8hbfY (T,
T2) thereforedhidéetingqntoihe stabdhgi swmmobhhhbemndbvib(éuahntemmgmﬁechl 25

subflows (Ttl, %émgégnc%tg%t assing Lnfo b he syirl a%ga{g%?ﬁ ie3ea 1b|3’i ities

under t aken for-the purpos |rrp3e ntTng di f‘?ereht con pPOSSi

during the opzs afdhkpwsat e i ndependently of throughput. 30 2. The method as
clainmed kg claim1, characterized in that in the case of nore than two feed
conduits (4a, 4b, 4c, the tangential subflows (Ttl, Ttz, Tta. Tc4) are
i ntroduced into the sw 3% ohanber (3) through cross-sectional surfaces
at the connecting poiRi{—Pp the swirl chanber (3) which are identical and/or
different in size. AMENDED SHEET ~ 4 ~u~ ~ 3 . The nmethod as clained in
either of clains 1 or 2 , characterized in that the subdivision of the
subfl ows (T1,BTeg)igoiéyinge aitlyant the fwiskthcopduithe (dﬁaimed:ter 4of 4:@6 i S

under t aken i o Syshi @ WY (HIAlcOnhdl 16y CBBERET B I bEd:h Ghgiaud

intensité/ at t fromt SWr | er (%% he Iar er subflow(TZ)
or the téfal 33diks f?‘@ﬂv Pr-feingafshei cianstars (Ahgehei SPt BEATOFHTA t s
with the smalad ctiees-secilonahambelracerespeuioklihe 4@ Cleapiaierd onal

surfaces at t e connectin oint (S1, SZ) to .the .swrl [ and

vi ce versa. ng?h(?d%’ig' cﬂ?‘&r‘édp?ﬁ %ﬁe S 1BgiEhY ?gngﬁ (I'f‘i)tlg(}t erized
in that in thcehardseer ofisa a&hargeeirn dl:iBnetz‘meidrot ahahl wihe fdpam¢Eed. i Thehe
sense of a f d r d e t j f

mai ntai ning t ri fﬁ‘?n%gﬁgﬁ y&ﬁ;téﬁéeggﬂ't rom\&!t hc‘}{t;-,EL‘_&srgmg‘-?é?f nhgn%é—lre (3)
fox a degifrednozle® entiar| dwt;%rrt(mn@j)of thige moxg deffearivaey a

subdi vi si on Z28,@dnt gy t %9}%'9.-5{' abas UlHransahdt la ﬂ_fgflh HiSculfakrential
undertaken i n suc that the ratip of th mo% the cross-sect onal

surfaces of tTREY fe‘ﬁlﬂt‘aéhf &8d o RFRFE LRI OJF 033°¢ 02t RB* &R BF
Cross-secti ondhe sfittiddescah tHee sdtf eapedt2THeangeanlieal odtehbek comﬂwtm at

BZH : ggg COrL £5p0RES At | AAS < {iOri NERUALUTE dilatndl eV Mild OsBLebil! la! 0ad to

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 1larger design. The
production of the tangential feed conduits is thereby
rendered simpler, and the risk of blockage drops. In
the case of an excesgively large ratio of the swirl

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

speed because of the wall friction.
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5. The method as clained in one of clains 1 to 4, 30 characterized t
the total fluid flow (F~) is subdivided into two subflows (Tl, T2) MAHE 200
are introduced tangentially into the swirl chanber (3) via one feed conduit
(4a, 4b) each, the subflow which is conné&dted to the |arger cross-sectional
35 surface at the connecting point (S1, SZ) to the swirl chanber (3) being

control |l ed byvareomsrolcﬂferm(tr (ar&a)ngenﬂ\/EI‘JDEQo'iHEEilffereﬂt auca 08t - 18
6. The nethod a mE goneg claims 1 to 4 C{1ara erized i?_that t he
total fluid fFEB&P Ff“‘? § S § i3 IS IHEF uloqlllov%i( tYS Tt2,
Tt3, Tta) intadducéd tho@;éatlﬁbiry ahlo the 5csmuittchuarbean($) slao)wmeast
two tangentia g one
subflow (Tz), Iln%gehﬁ \évstb# lPTZ%&v%Io%ée:n %mglgrl% ﬁp{ ed con UI ts ‘EQ

4d) at theb coRRBELPRg powrvgrg;loszprt othie %W@Ilg}emla‘ﬁbé?f (Breyuél‘ellqihe

highest 10 valtg,l n;§ h%ﬁd&?&ﬁkéz{‘e o%ﬁ:%%%lese‘éhéor}%zéwf%&%%érs goptrolled
by nmeans of a control nenb , 11 1). he nethod as clained in one

of clains 1 tUaéV319rcf$§rP&’élaétei PAWEE tQPd'%tréJ:lﬂLﬁﬁF (@, CciIlt’§°]aer?‘BtPe’ésval ve
(7) are used ageCuMdeHstBRIDAS. b§ aImepeetshcbqlau@saldmdmoemoioﬁI ai ms

1 to 7, character zedlntht t fl ows are controlled
i ndependent | y Eﬁl bn@ z’in(ﬁIh ‘ngl??\‘@ttﬂ BBFi zf‘t%éD %Sy 2
respect i vio putlipr( tkample,) thx&ttﬂimgr&iyhmdaa&ss oiﬂi'malivem, omfbiend:mgns lto

e, 25 charact E?’I z%q1 hctt;gl Jo4Q sspa a&ﬁ?"%Ttg}T%? %%5 TE}xef Cp %fot al

fluid flow (F eac ese subf contr
punp (11) 11 ):hEaﬁ@tmeILe@gt tdree lsiksf.| Ghg @rtﬁ'@mgsmwm etl': e

plural ity of reaentiAlid eedog0 £Onguid seldbnedc ot s formiheere.

correspondi ng subf 1 ows . The method as clained in
one of clai msC®nt S’eganGHé’rl@@tté’rdi pddher tlﬁl@tld%fqm%%%ees@ A En a

15 The subflows T.; to T, are always fed into the swirl
chamber tangentially.
In the case of the embodiment shown in 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
20 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 1is incorporated into the 1line for the subflow T,
which is connected to the tangential feed conduit with
25 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
30 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 wvia a line, and

35 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
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35 stepless fashion on the division ratio of the subf |ows ;Tﬁ gué)
the di f f erent control of at |east one of the subflows (TI TZ) h@uz
subdi vi sion of the subflows (Tl, TZ) over the AMENDED SHEET t1 4 AUG 2002
== 19 tangential feed conduits (4a, 4b; ¥c,-4d) in such a way that the
swirling novenent in the swirl chanber (3) is controlled, and thereby the
drop size of fhel§l vldseder gnnghier Qmst&eamoaztelmyt bgenzdopailiviey (the i s
i ncreased or ijecre se s_hel d. con ta ér& p case_ of ﬁél aténon
THEUREho d e of

the material pafa teggr&u #’F?éltfl Tiko P P ¢l &P
clainms 1 to léond@ithar Meerlcz:acbmmf&:rﬁntidrﬂe t et ites suldfd oviowerd , Tt z,

T3, Toa) areyledet Oathecnid rhnpbambeg, L3k 50 Rk Lheyd | & e, sane

axi al coordinate. 12. The nethod as c alne i n one of claimns
char act er Szedchaibemt a8né tasgermeumiansmitos! (Tpeed I8z the‘rﬁ@% TP ) are

introduced infewide S rlehamber163) ofe1khat ’rﬂsy ﬁi%hé’é@t Mied is
uniformy over the interior lateral surface thereof The nethod as

clainmed in or2S%¥Meq aitis fheo FarcumbiexentipiedSPReEhattt I"Eher nflQ%&i& on

the throughpusupiet hevtsaibf |t(hWS {dlveTz)si Tiwuta] t akee ovaside dhe tfmsZZ| e
(14). 25 14. Th%}get hod as rTEd I n,one off cl ai msfl o 13 char ri zed
in that the sUBHTVFRY onCB?S?ﬁgeg BPPBhs EHELASE f §7F f o Afng =V nti al

subf | ows 10Tt | cofidzitt3etdtmines theerankenofnpade doadutsi (:Eexltlheldmizzl e
(14). 30 15. }*ﬂfcﬁehﬁgd Be gl:ﬁhg%gd' N ﬂa CJh éet 1%4wh9 ﬁ“i: JSri zed
roug put t

in that in the case of an increasing overa eje eof
the atoni zed dtemizationi prapestiley A9 t petofeasrntfiatly hahange. 35‘ eot al

fluid pressurgiisuiedygedagrd dhgusuph! @Wg(ﬂ:@ 1t dShdspSnddibdbvicdgd over
the tangential feed conduits (4a, 4b, A4c, wi th the_ |argest

cross- sect i ondP2%lf f aBROBR %BmFéﬂuFﬁesAl\/El*’aDE@?Sl-EEﬁwn 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, is not subdivided into one
tangential subflow, but over three‘tangential subflows
20 T¢z2, Tea and Tey 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 T,.
If the larger cross-sectional surface is designed in
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 1is 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.
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14 AUG ZQQ> - 20 cross-sectional surfaces at the connecting poi nfy (4
S2) to the swirl chanber (3) is increased with respect to the other s
(TI). 5 16. The nethod as clainmed in one of clains 1 to 15, character

i'n that

t angent i

subf | ow
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i zed

in the case of a constant overal lzst hroughput the jet angle of the
atom zed fluid is increased by virtue of the fact that the total flui
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17. The nmethod as clainmed in one of clains
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t 1s therefore necessary to u variant 1in
which subflows can be influenced in another way. This
can be performed by positive displacement pumps whose
discharge characteristic is varied. In accordance with
this variant, use is made in each subflow of eccentric
worm screw pumps 11, 11’ whose throughput is adapted
via a change in speed. The present invention can also
be applied in such cases where it 1is necessary in
conjunction with different throughputs to keep the jet
angle of the fluid emerging from the nozzle constant,
that 1is to say to influence the control of the jet
angle. In the case of conventional swirl nozzles, a
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
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
increased. Thus, if the outlet pressure is lowered when
the valve is closed, a constant jet angle is achieved.



" - 21 sectional surfaces at the connecting point (S1, Sz) to the swirl
chanber (3), and individual tangential feed conduits (4a, 4c, 4b,"|44|)AUﬁ&UU'L
connected to separate feed lines (8, 9), the 5 sumof the cross-sectional
surfaces of the tangential feed condutt¥é(4a, 4b, 4c, 4d) at the connecting
point (S1, Sz) to the swirl chanber (3), which are connected to different
feed lines (Bagénf)cihensg different, and 10 ¢c) a control nenber (7, 11,
11') operating rndependently of throughput is incorporated into at |east
one of the feed conduits (4a', 4b', 4c', 4d', 5a, 5b, 8, 9, 10) outside the
swirl generalor. A5umEthoBhefenzxaeyiyst ethas seliailieg inowdreenn 18f a

characterized in t t ent I f conduyihts (. , at the
connecti ng point %g‘%idst%?' t%{]%ghggvg\%lhr I&aq'albr%%grld%g )Ofﬁge\l/eﬁtgﬁéﬂgéné:qﬁeei ght
and 20 the sane oswardingeneviementt hotBbeipg) courpdedrite fdez|esystlem as
claimed in eithercfoGLRLAE L8 ehel %1 pRRrArbe! [ gRd thel hakaling difd erent
cross-sectional surfaces or the formed suns of the 25 cross-sectional
surfaces differ bylesre(RhanbPaingctibdivided infie AoRiwralst¥mals to 20,

characterized 30 ggpeubs (4@1, 4,) CidSEhse@reonaledurdo (She Sawi:@l t he
swirl a comon feed Iine (8 clained in in that th 4c I ces at .the

4d) ic
chanber (3) or 9 §hamber 4f) ¢ ivdindangentialyeherdl cPBEHL tH%Fhe “Bine
connect izng poi nt atce ¢ANNeEt edet 8wdTrl2Zhatibernozd|,e chpstarmead zeddiired i n

one of clainms 18 1., char eriz i n,that_ a steql I Q%; | e, control

menber (7, 11, 11b)(')‘a|gst1?%c%}1§%§'3¥'§d??h‘t grzgtt %Ireeasst%b?%é’%?%%ﬁe eg%ﬁq nes (8

or 9). AVENDED SHEffiduits (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 (T, 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, T2), and the sums
of the cross-sectional surfaces at the connecting
point (S;, Sz) to the swirl chamber (3) of the
respective subflows (T;, T.) therefore differ, and
the subdivision of the individual tangential
25 subflows (T¢1, T2, Tes, Tes) passing into the swirl
chamber (3) 1is undertaken 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, 4Db, 4c, 44d) the tangential subflows
(Tey, 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



- e - 22 23. The nozzle systemas clainmed in claim 22, n 4 ql@ %
characterized in that the control nenber is a punp ( 11, 11' ) or a va e?@a
7) . 5 24. The nozzle systemas claimed in one of clains 18 to 23,
characterized in that the valve (7) is lnhcorporated into the feed line (8

or 9) which is connected to the tangential feed conduits (4a, 4b, 10 4c,

4d) with the;] argasd GEOHRSA SEEL L2AAMeULHAGH tHe S W Of14 I\Rs C1 OGS S€Cti Onal
surfaces at the cqnnectl ng, point (S1, S2) to thgug)gl, ¢chanber. (3) . 25.

ri
The nozzl e syst erfRBRFRFEHMALT n Yhe bYRatl aFhe 1 iyds3@n cRira ized in
that the central suxesi®bst e ,crMossoseet thaakagdehadas deethechangent i al

feed conduits (4a,, 4b, 4c,  4d) t.he connectin oint to_the swrl chanber
(3) liein a pl anse‘%a'an?ibth@c(:réag-&@ctuiné%dﬁetaéiﬁ‘-?a SSUFR &y ?"SngglafO

di stri buBed uni f arm yhe2@as€heohozzregayistedm leisgheai sedrl n iotensfityl ai ns 18
to 25, characterigzed gyt e engq al co&gé#'g (4a,y 4k, 4c, 4d)
are arranged |yvyi n%teor#}%s t%%téltggnekgggal H&%or%‘?ﬁ%e. /. %eﬁﬁgzzﬁgesystem
as claimed in onelarger gt Uy t 6726 orcdreadiadralz fd uid tilaw a(Fedmds(11) i s

i ncorporated intoydhe deeds! !tﬁh%d(éélagér%iéfeftegha|cq3ﬁixﬁlttﬂ deftewebE~) and

the feed line (10) is subdivided into two subflow lines (8, 9) which are
connected to sepafPRl¥BnAREs (SpEtigmalg surfipce 40r spm  Afocihed in the
nozzle (34), whi drcde saiviasi£d bargaeebangenthel doeteeoiwtyi poihe, 4b, 35

40, i) each bt ol have, i Lfehent erposcageLions) suhasesedletle )
incorporated into the feed line (8) which is AVENDED SHEET ~~ 4 AUG 2~~~
- 23 connecj ed t'ﬂu% hﬁeEﬁﬁﬁe’EJ aLlL?ﬁgdC%%d%ﬁ?(?%) X‘ds%h.% he 1@a5osr
cross-sectional surface at the connecting porn 1, o the sw'rl
chanber (3) . characterized in that in the case of a change in
15 the total fluid flow (Fg) in the sense of a full
load/part load operating mode and with the aim of
maintaining the swirl intensity at the outlet from
the swirl chamber (3) for a desired ratio of full
load/part load of the fluid flow, the subdivision
20 of the tangential subflows (T¢i, Tez, Tes, Ted) is
undertaken in such a way that the ratio of the sum
of the cross-sectional surfaces of the affected
feed conduits at full 1load 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 (8;, S2) to the
swirl chamber (3) being controlled by a control

member (7).

AMENDED SHEET



* 5 28. The nozzle systemas clainmed in one of clains 18 to 26, chfraﬁbgrgﬁ?d
inthat a punp (7) [sic] is incorporated into the feed |ine (10} #o h
total fluid flow (F~) and the feed line (10) is subdivided into two subfl ow
lines (8, 9) which are 10 connected to segparate conduits (5a, 5b, 4a', 4b',
4c', 4d'), located in the nozzle (14), one conduit (5a) being connected to
one tangential fe copdyidqa (4a) . e; pt cQadidits ; )71 beiyn

connect ed togé plggglitz é%itéﬁgéﬁgﬁgr&?eég Eﬁﬁ%oﬁgug?%:£%£,14§P %%), and
the val ve being | AB8FpEEaTEEeANEs thets e dwiahel ¥ wd whiet (Esdcohfect ed

to a plurality of shBagentkal fegttgondubie. 20cREh Thewdozzleuisysdwsn as
claimed in one of ,clains 18 to 26, Qharaegfri ed in that the.quzle (14) is

connected to two $&pardre fEed Frres O Ght PRI 1 YoadH Tade® one

pump (11,5 11') isswhedr pahanmddr on¢3f ged dti nelé83t beitmy corarepdredida 25 one
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(T1, T,) form the total fluid flow (Fg), each of
these subflows (T:, T2) being controlled by a pump
(11, 11’'), and at least one subflow (T;) being
subdivided over a plurality of tangential feed
30 conduits (4b, 4c, 4d) to form the corresponding
subflows (Tez, Tez, Tes) -

10. The method as claimed in one of claims 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;, T;) and the
subdivision of the subflows (T;, T,) over the
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12, The method as claimed in one of claims 1 to 11,
15 characterized in that the tangential subflows
(Te1, Te2, Tz, Tes) 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:) is 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 (T1 T2) for forming the tangential
subflows (T¢y, Tz, Tes, Tes) is 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 jet angle of the atomized
fluid is maintained by virtue of the fact that the
35 total fluid pressure is reduced and the subflow

(Ty) 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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overall throughput the jet angle of the atomized

fluid is increased by virtue of the fact that the
total fluid pressure is increased and the subflow

10 (T2) which is subdivided over the tangential feed
conduits (4a, 4b, 4c, 4d) with the largest
cross-sectional surface oxr sum of the

cross-sectional surfaces at the connecting point
(S;, S2) to the swirl chamber (3) is reduced with
15 respect to the other subflow (T,).

17. The method as claimed in one of claims 1 to 16,
characterized in that said method is wused to
atomize liquids with the aid of gases, the liquid

20 or the gas or both, either individually or as a
mixture, being subjected to a variable swirling

movement before emerging from the nozzle.

18. A nozzle system for carrying out the method as
25 claimed in at least one of the preceding claims,
having a swirl generator in which fluids are set
rotating about an aﬁis, the swirl generator
comprising a swirl chamber (3) with a plurality of
tangential feed conduits (4a, 4b, 4c, 44) 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 (S1, S2) 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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characterized in that the control member is a pump
(11, 11’) or a valve (7).

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

The nozzle system as claimed in one of claims 18
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-~sectional surfaces are arranged

distributed uniformly.

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 1lying on

the same axial coordinate.

The nozzle system as claimed in one of claims 18
to 26, characterized in that a pump (11) is
incorporated into the feed line (10) for the total
fluid flow (Fg) and the feed 1line (10) is
subdivided into two subflow lines (8, 9) which are
connected to separate conduits (5a, 5b, 4a’, 4b’,
4c’', 44'), located in the nozzle (14), which are
connected to one tangential feed conduit (4a, 4b,
4c, 4d) each which have different cross-sectional
surfaces at the connecting point (S;, S2) to the
swirl chamber (3), and the wvalve (7) is
incorporated into the feed 1line (8) which is
AMENDED SHEET
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subdivided into two subflow lines (8, 9) which are
10 connected to separate conduits (5a, 5b, 4a’, 4b’,
4c’, 4d'), located in the nozzle (14), one conduit
(5a) being connected to one tangential feed
conduit (4a), and the other conduit (5b) being
connected to a plurality of tangential feed
15 conduits (4b, 4c, 4d), and the wvalve being
incorporated into the subflow line (8) which is
connected to a plurality of tangential feed

conduits.

20 29. The nozzle system as claimed in one of claims 18
to 26, characterized in that the nozzle (14) is
connected to two separate feed lines (8, 9) into
which in each <case one pump (11, 11’) is
incorporated, one feed line (9) being connected to

25 one tangential feed duct (4a), and the other feed
line (8) Dbeing connected to a plurality of
tangential feed conduits (4b, 4c, 44d).

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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haracterlze in that the feed lines (8, 9,
5a, 5b) have different connecting cross sections
in such a way that the feed 1lines which are
10 connected to the tangential feed conduits whose
cross-sectional surface or sum of the
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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