Title of the invention Nozzle for atomsing a liquid

by neans of a gas and nethod of atom sing. Field of
woOheosioaviamt i on The present invention rel ates t®CwDK2003/000929

nozzle for atomsing a liquid by neans of a gas,

conprising a m xing chanber extendi ng between an

upstream end and a downstreamend, at |east one |iquid

inlet and at | east one tangential gas inlet to said

m xi ng cham ber, and an outl etl positioned at the

downstream end of said m xi ng chanber. The invention

fur Chedepopé tékatieyensianmet hod of atonmising a liquid

by nean C d_of; .t he § nyentj Su
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(TFRngd aeéhodaofusednmfisingt oni sation of a liquid-in

spray drying plants and in fluid bed aggl onerati on.

Li quids can be in the formof solu tions, dispersion

OF Plie@dsvlistaeceswvehniparti cular, two-fluid nozzles

are used, when atom sing a fluid, re fine dropl et

is the %Bfedp¥?%%n5r é?g”éﬁﬁiﬁ¥%h €55t 6fi sAt i ?Fng for

enea@gymiBihbe 4 olayafidatym abagsgas i 8 @i r€dmpeising a

break up a fluid into droplets. The m xing of the

|iqw&l§ﬁd MrEhpds RS GRE pPEEWSEN: Rer TRSFHRaThENd and

nozal eidsl fea®Ozgal | @ | DégsPalodE X1 Duir Qiited dend at

t he_nozzl e outlet, socalled external mxing. Wth

&%t eBREE ABE nERIBRNCERE PRSe extrihsEen G heigasghaham-

thepdi-sadyant age f- 101 b LA fded 0gt 119 d Ngownstream end

surround|ng instead of adding energy to break upthe

|iqgﬁd_sa1 mixing chamber. The invention urthermore

relates to a method of atomising a ligquid by means of

a gas.
15

Background of the invention

Such nozzles, which are usually denoted two-fluid
nozzles (TFN), are i.a. used for atomisation of a
ligquid in spray drying plants and in £fluid bed

20 agglomeration. Liquids can be in the form of solu-
tions, dispersion or pure substances.

In particular, two-fluid nozzles are used when
atomising a fluid, where fine droplets is the objec-
tive or where additional atomisation energy in the

25 form of atomising gas is required to break up a fluid
into droplets.

The mixing of the liquid and the gas may take
place either inside the nozzle itself, so-called
internal mixing, or outside the nozzle outlet, so-

30 called external mixing.

With external mixing TFN, the free expansion of

the gas has the disadvantage of being partly lost to

the surrounding instead of adding energy to break up



Internal m xing TFN has the advantage, conpared to
external mxing TFN, to mx gas and liquid before the
wouemsfoeuitgls ent er the surroundi ng at nospher e t RCOWE2003/000929

the outlet. Criterions for evaluating the performance

of a two- fluid nozzle are: the nean droplet size, the
span of the droplet size distribution and not | east

the specific gas consunption, neaning the anount of

gas used to atom se a given anmbunt of |iquid, also

called the gas-to-feed ratio. Atomsing finer droplets

wi t kha édenwdidn two-fluid nozzle neans in general
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dsoxhdeougllegny ot her suitable gas . The span

expresses .how.,wi de the droplet size distribuytionis.
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dropl et size is_generally disadvantageous. The

evaPtiat'dRf aSreRdet. #tey AlgsE HWtHehafng fRiind LeAst  the

theghangeitr aad tenduf@tibhe thdehOlgnezrsl eahBunt of gas
question and depending on the feed rate. The contact

afdusedi ke GitQiisan 9iweh ddreuphePé FENUHSEt akig rcalled

resthieCHibens o -BXley nale 519 xi ng TEN, where the gas
typicall'y mixes wth the liquid after |eaving the _
nozzl e Phpodghng rﬁnrgarsr@mugl%t@rwwb, amgeg aige two-£fluid
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tion. The specific gas consumption varies with type

15 and size of two-fluid nozzle. In general, ratios-
between 1 and 2 (two gés—rate‘units to one feed-rate
unit) are used. Rate is mass pr. time. The gas may be
air, nitrogen, carbon dioxide, or any other suitable
gas.

20 The span expresses how wide the droplet size
distribution is. Aiming at a specific droplet size, a
narrow distribution is desired. A wide distribution
of the droplet size is generally disadvantageous.

The span, evaluated as (d90 - d10) / d50 is nor-

25 mally found in the range from 1 to 3 for the type of
nozzle in question and depending on the feed rate.

The contact and mixing of gas and liquid is where
TFN meet their restrictiomns.
External mixing TFN, where the gas typically mixes

30 with the liquid after leaving the nozzle through a
ring-shaped aperture, meets the limitation when the
gap in the gas exit becomes so large that a larger

part of the gas is lost into the surrounding atmos-



part of the gas is lost into the surrounding

at nosphere, instead of reacting with the |iquid.
warasisatipon into fine droplets foll ows when t ReTIDK2003¢000929

is spread out as a film acting with the atom sation

gas at high relative velocity to formdroplets.

Internal m xing nozzles give the possibility of an

efficient liquid-gas reaction, but is limted in

capacity by internal channelli;g and channel dinen

sions . Internal parts in the nozzle, intended for

i nppherenginbeegdsolffi gqeldtiingi wgthakbe diistuid t he

flow, causin he_span of .the d [
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Addi tion of ,atom:-sation gas.influepces the, spr ‘ :
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del ayobnethe reaction follow ng the atom sation.

Exanpl es of nozzles of the internal -mxing t, are
vel | knoheFRoLhBLEiRg %Zﬁéﬁsnslmg_ thegpotagbility of an

di sek@ses catnNo2zl@ildn oW Chrebhe igas | Husuppld ed infltldde in
axial direction of the nozzle. Insjde the gas sugfly_

pi pERAGAFYNPRI AISEFE SN CRAYRE H TP déficcechannel dimen-
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deflection of the gas. The liquid_is supplied in a,
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cleaning and causes wear.

15 Addition of atomisation gas influences the spray
'drying or spray cooling process, in géneral4causing a
delay in the reaction following the atomisation.

Examples of nozzles of the internal-mixing type
are well known in the art.

20 US patent No. 2,612,405 discloses a mnozzle in
which the gas is supplied in the axial direction of
the nozzle. Inside the gas supply pipe a drying air
pipe and a guiding device is provided. The guiding
device imparts a tangential deflection of the gas.

25 The liquid is supplied in a pipe extending radially
outside the gas pipe.

In a commercially available nozzle the atomising
gas is supplied tangentially in a separate pipe,
which contributes to the radial dimensions of the

30 nozzle. Furthermore, the mixing chamber of this prior
nozzle comprises edges and obstructions resulting
from structural conditions.

International published application No. WO



fromstructural conditions. International published

application No. W000/58014 discl oses a sprayer in the
wobanimoef11a nozzl e having a tangenti al gas i nl ePCT®K2HESB/000929

m xi ng chanber and lateral liquid inlets. This nozzle

suffers frominsufficient mxing due to the geonetry

of the nozzle. Summary of the invention Wth this

background it is an object of the present invention to

i mprove a nozzle of kind nentioned in the introduction

with respect to the specific gas consunption, which is

necéQééBQlHndﬂsﬂ&oaaﬁ;ﬂcﬁ@d@yarcéntam@ d@nmmdeﬂ aeapzzle

dro size,_an tate t. s

drogﬁe g]ze B ge |rst aspec o? FﬁeQﬁﬁbéﬁ Eﬂgmber :

objanﬂ|kﬁﬁ&ﬂabylaqnmdﬂmakﬁtsheTknadnwamManmmEfer$hérom

ntro d tlonh which.is furthernore_character] zedl

t hat SR8 00 MaTEhg Heriet al TOF coavergr i

cenhbgrla.tion, seen in the flow direction, is

provided in t he m xi ng chanber, and t hat said at |east

one liquid inlet is positioned at or near the upstream

endsohmsaidoffi Xhagigkamkeonand in the upstream
direction wth respect. to said at | east one _gas .inlet.

Wth thi'dt8esFghSo fb?ﬁ%9ﬁ8§§@e 1tt Has 3t o GssiBl ethe

to gbtaknta IMrenhiefdn Ckentidbesatl OloziNe t B¢ i men-
art nozzles, the production of fine parti cles in
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thereby raising the production capac

In a first aspect of the invention, this object is

he

15 met by a nozzle of the kind mentioned in the intro- -
auction; which is furthermoré charécterized in that a
centre body having a generally converging configura-
tion, seen in the flow direction, is provided in the
mixing chamber, and that said at least one liquid

20 inlet is positioned at or near the upstream end of
said mixing chamber and in the upstream direction
with respect to said at least one gas inlet.

With this design of the nozzle, it has proven
possible to obtain a more efficient atomisation. In

25 the prior art nozzlés,lthe production of fine parti-
cles in spray drying applications takes place by
atomising the liquid feed with a very low content of
solid material. With the nozzle according to the
invention, higher solids content in the liquid will

30 be permitted for production of a specified low mean
particle size, thereby raising the production capac-
ity for an atomising device. However, the nozzle

according to the invention is also advantageous when



ity for an atom sing device. However, the nozzle

according to the invention is al so advant ageous
wohesaboiy si ng feeds having a | ow sol i ds cont eRCT/DK2003/000929

Further, the large liquid capacities, which follows

fromthe low specif ic gas consunption, nakes it

possible to be used in plants with |arger capacity. In

addi tion, a narrow span of the droplet size has been

achi eved. The generally convergying configuration is

particu larly advantageous, as it is possible to

obt atamasiegy feadiss frectigigy ani kPvigsanddsc ssindeatt orF wither,
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20- harmow. €pwn exdnpiiee | siropiletacsiizengad been achieved.
phaﬁgaceuticali for inhalation andlor nagufacturirggcg. _
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s:ﬂrjmgkuwal é&v@ﬂmﬁg}eoﬂgyelacmn&m 06 thesqpilefer ted obtain a
enmbodi nent, whjc urt hernore kes i 0ssSi bl e
bt SPRY 5 SRS ST S acoSrEraLrRg Corth g gas-
t helwiyyhAg nEhanhiey | id heh& eAbke 1RQAYTICHPEE8S o nozzle is
cylindrical base pqortion and a convergi ng portjon. ,
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posphi-ened «@ut shdenbhegoybl einof thbe negate. rdhbeé of the
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15 inhalation and/or manufacturing of active pharmaceu-

tical ingredients (API). ‘ ‘

In a structurally simple development of the
preferred embodiment, which furthermore makes it
possible to obtain a mixing portion and an accelerat-

20 ing portion in the mixing chamber, the centre body
comprises a cylindrical base portion and a converging
portion.

Preferably, the downstream end of said centre body
is positioned outside the outlet of the nozzle. This

25 provides for a well-defined point of separation of
the gas-liquid mixture flow from the nozzle.

The mixing chamber may comprise a cylindrical por-
tion and a converging portion, said at least one gas
inlet being provided in the cylindrical portion. The

30 convergent part of the swirl mixing chamber has the

function of accelerating the gas-ligquid mixture up to

is maximum speed at the outlet of the nozzle, typi-



function of accelerating the gas-liquid mxture up to
is maxi mum speed at the outlet of the nozzle,

woyppispalily t he speed of sound. Here, at the ouPCEMDK20036000929
final, well-defined fine atom sation takes pl ace.
Preferably, the m xing chanber is provided in a
chanber part. This design nmakes it possible to obtain
vari ous shapes of the m xi ng chanber sinply by varying
the geonetry of the chanber pa®t . In a preferred
enbodi nent, the centre body forns an integral part of
an £akkyt therhppepfovaidesoRBf - e i Smnafackhe ectfdet, the

asseihly OleiheqBeazler ritk! BRI Rt ldH S H6SS 9 ace .
entails that there’is no need for. sup ports for the
centre Bedjerabie dihe emiXang tHEWRRT i g dwxided in a
may a no o U .t hr tE et 4. |
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en tr i [ ' rmng at
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Tent, the insert.at its upstreamend is
ConPa e B e B PR [y oL FRTe Bgviges for easy
comnentiédcwiirh archpapaeinblgaiod ctiasbebzpdet. irthermore,

s'ltllone wi thin said c ar& and in connecti(ﬁ)n Wi th
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a: Ip@@téOEogajﬂlea&‘;@Me/ m disnmeuat bu;g,llefcacialﬂd alles gas-
cl eani ng _and i nspection ich is essential to e.qg.
phafh‘é%éf}t i it Ugio difot i s FQﬁ‘%ﬁePﬁ‘BgéFrPFF@eé% rﬁﬂ%?é’ugh the

constfusti on makes it possible to scale the nozzle to

both small and large sizes. It has proven_ particularly
advantaﬁ@oﬁsdﬁﬁeépémﬁﬁ§ of this preferred embodiment, the

15 insert comprises a disk portion positioned at the. .
upstream end of the centre body,,éaid disk portioﬁ
forming at its downstream face the upstream end of
said mixing chamber.

In a further development of this preferred embodi-

20 ment, the insert at its upstream end is connected
with a bottom part, which in turn is connected with a
cap part, said chamber part being positioned within
gsaid cap part and in connection with said insert. The
particularly simple design, which allows for easy

25 assembly and dismounfing, facilitates cleaning and
inspection which is essential to e.g. pharmaceutical
production. Furthermore, the simple construction
makes it possible to scale the nozzle to both small
and large sizes.

30 It has proven particularly advantageous to provide
only one gas inlet extending tangentially with
respect to the inner circumference of the mixing
chamber.



only one gas inlet extending tangentially with respect

to the inner circunference of the m xing chanber .In
wano@mieoidd nent, which is particularly advanta geoms2003/000929

with respect to design, the centre body is adjustable

in the axial direction. The possibility of adjusting

the outlet cross sectional area by displacing the

centre body in the axial direction is an inportant

par anmet er when desi gning a spetgific nozzle size and

specific gas rate. Design of outlet area by adjusting

t he gap Imetaveeambettmenhbodywlaih m i pgrthanﬂnalrlyarad‘mnta—

a specific nozzle be a justed.to a cer aln e .
2y B ot otaBbeatl ot kg i notr? | edfr e Gty 1s
- be pessidiabllco iad) tisé akaatladdraozibas, Thegpdﬂéa]blalty of .
Vi ew btal re narrow_s of ;the partic :
e I QuTBEe BRER e RRE SRR on A e e i el ac-
atonirgy ngh@ | &ttt He bybd@ananoftlae gasiles pe@vededoni Nis an

which the area of the g defi ped between the inner
per IS 6HE CPREBHETRT ARG P e podfPr§ific nozzle

desiggned Al 3p8aSrPEESHY - LRoSal Sl hat bWe18eNiaGea by
junps. takes place during operation, a first_junp

t akiasg Ysitdew whéi® t Be@PgabeEreeRs ?ﬁ]étﬁ@x.%dthr mixing

and & 5@eand-LHME pheg 438 o | A b mpxt LHc?Jhdse@é/c?Sto a
t hrough the outl et gap. Beyond spray dryin

Aot Wt@yl S0 TRNGL spRAY L0bP| ﬁgupc§ﬁgé9| rf:@g)lorﬁaethgo@er
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warm a t he |nter|o ago.m Sl nozz
A s rtchzezlm forg at watbaki ondaw umtcpl@id@mmgiomgnr@amarrow

%%%ﬂ &ﬁu e..hoty qﬁ% Surrounds the m xing

cha enum-c and the risk of
soI|d|ﬂﬂunaoaecosddespect of the invention, a method of

15 atomising a ligquid by means of a gas is provided, in
which the area of Ehe gap defined between the inner
periphery of the outlet and the centre body is
designed and a gas pressure chosen so that two sonic
jumps takes place during operation, a first Jjump

20 taking place when the gas enters the mixing chamber,
and a second jump when the gas-liquid mixture leaves
through the outlet gap.

Beyond spray drying, the method may also be a
spray cooling (congealing) method where it is essen-

25 tial that thelliquid feed is kept warm all through
the interior of the atomising nozzle. As the gas for
atomisation is introduced downstream of the liquid,
the hot gas surrounds the mixing chamber in the
plenum chamber, and the risk of solidification inside

30 the nozzle is minimised. Also more expensive systems
of heating e.g. by means of hot oil can be avoided.
Spray cooling may be used for e.g. waxes and waxy

solids such as e.g. glycerol esters of fatty acids.



the nozzle is mnimsed. Al so nore expensive systens
of heating e.g. by neans of hot oil can be avoi ded.
wepo@yeciasl i ng may be used for e.g. waxes and REXPK2003/000929
solids such as e.g. glycerol esters of fatty acids. An
exanpl e is spray cooling of wax resulting in particles
having d_50 of <3 mm, and d_90 < 10 nm, and havi ng
a span of approx. 3 . The nozzle may al so be _
advant ageously used for agglongration, e.g. fluid bed
aggl oneration, spray coating for e.g. coating pe
| et &n t gFesrd cor ismabbrayvensool ing heoff olwaowi neduiecing in
inventiaogn w |l be described in further detail by neans
of BRTEHSIGTOR Tt &id 1 e MippéRded-di%a rigs km, and
Bri efbvdescrd pkban df t BgpdeaW RS fhd. ndzi3ea may -also be i
sectional view of a hozzFe in an em bodi ment of the
pr e SENRIILREEAYSY, UHf Do sagobererrici¢Ne ¢ gw, fomid bed
| 8r ge 186kt i@ t hepkagserdoof s jdhe sagzzlegof Lig.;d, pey-
Fig.%g IS a pérspect?ve§vié%/Ebfgespond%n% to‘%%ﬁF%§ pe
of tke&si,nsabtlets grotstrerl leritsedisnent of the nozzle
accordi t he 4 |0 Fi. o 4f,ar .
schenat?% J?E%sf?}Fﬁg?ﬁgt?HS d???%#gﬁ%'gﬁ%%gsggfdﬁﬁgrlbed
centine hotthe theandzdye mezws dbfig o ¢hieodiwent i ahereof
Fig 5 0 s hematic views illustrating
di f EFe%P%sﬁgggg'o ?ﬁgw%F'ﬁﬁg chanber of the nozzle
4Bcording to the invention, and Fig. 6 is a graph

iggg%gggpérées.%ﬁsd 50E2%]a Guncthgnggcfpgf:Lhcogas
pr ef err edgenbodigrent setvibdbhel ebedi BNt Alodd= in an em-
tmobghg%%ngoé%l%h%h%¥gsggt invention,

Fig. 2 is a perspective view, on a larger scale,

15 of the insert of the nozzle of Fig.ll}

- Fig. 3 is a perspective View cérresponding to Fig.
2 of the insert in another embodiment of the nozzle
according to the invention,

Figs. 4a to 4f are schematic views illustrating

20 different shapes of the centre body of the nozzle
according to the invention,

Figs. 5a to 5f are schematic views illustrating
different shapes of the mixing chamber of the nozzle
according to the invention, and

25 Fig. 6 1is a éraph showing curves of d_ 50 as a
function of specific gas consumption for different

nozzles.

Description of preferred embodiments

30 In the embodiment of the two-fluid nozzle shown in
a sectional view in Fig. 1, the main components of

the nozzle comprise a bottom part 7, a cap part 8, a



a sectional viewin Fig. 1, the main conponents of the

nozzl e conprise a bottompart 7, a cap part 8 ,
wach@meerndpart 9 and an insert 10 with a centr eCbmakzod3/000929

The direction of flowin the nozzle generally

extends froman upstreamend at the bottompart 7 to a

downstreamend at an outlet 4 at the respective ends

of the cap part 8, the chanmber part 9 and the insert

10 opposite the bottompart 7 9 The bottompart 7 is

at the upstreamend of the nozzle e.g. connected to a

noz FReMb&Rc @ardvihr=d cent taperiqdiod Widplay . cemtxdiebody 2.

ebedbment-ciah dheri bulfl SYRPLOMIRE Fehdfa1ly extends

attached into the bottom part 7 by neans a thread

(nofrSAowANi nuBREEFRN | @nd acterithel hm:rteorrim gart hd to a

bot ‘ . tipon_.all 0; riLpg al.. ma e -

o oV Hed e RS S30Y oty part Tk 1 REr FBEe T i ends

wpt Rfathexteamabatrubé, 26 havhildmbegephet Widmﬁjﬁhe insert

i qupd I, [ fornms _a .space in which the gas

isquaﬁépgfgrlé pr:?%m%g)rFtlorW é%a]ithg?' shown) to a nunber

of axi afhgadatttannepsri3 7extendtngHehrnpighréde ot ¥F the

par;1 7 1 At _the down stE:e mgnd of the feg ral boge ,

14, "8%Fr st CsHoul d8FpoFE ont%a s Prodrdeddighg having a

f ur tharrdawistqeadn aupeagnd shothderefiosdiment b.sHhB, the

fgc?nd shoul der. portjion 7h extendi ng outwards in_the

di

AP RYPREY WiRPS edpect St ARG st iouller bottom

porpaes 7A. bfhenddnist candasegprahshodbdersmant i QRS J&sail)
7b accommodate the upstreamend of the insert 10 and

par tP§Cof IR Ralt 91 FRE naAkePmt RATtwiT| Qrtion-
desglibedainn d-witRers&iet ahdy i Bet Beot2kkoW ARG gbt?&gn part
radi al, outwards side, the bottompart 7 is connecte
with dfe TCHIFIRIIORe byonaarsedf ve thramdeahgranlo-tnibey 26,
§§a%h§9h.together with the  liguid supply pipe 25 forms a
‘ spacé in which the gas is.transferfed~from'an inlet
(not shown) to a number of axial gas channels 13
extending through the bottom part 7. At the down-
stream end of the central bore 14, a first sghoulder
20 portion 7a 1is provided, and further downstream a
second shoulder portion 7b, the second shoulder
portion 7b extending outwards in the radial direction
with respect to the first shoulder portion 7a. The
first and second shoulder portions 7a, 7b accommodate
25 the upstream end of the insert 10 and partly of the
chamber part 9 in a manner that will be described in
further detail in the following. On the radial
outwards side, the bottom part 7 is connected with
the cap part 8 by means of a thread and an O-ring
30 seal 30.
The insert 10 has an upstream end 10a which is
accommodated in the bottom part 7 and abuts against

the first shoulder portion 7a. A first disk portion



The insert 10 has an upstreamend 10a which is

accommpdated in the bottompart 7 and abuts agai nst
wohaeosfoerap shoul der portion 7a. A first di sk pecripead/000929

abuts agai nst the second shoul der portion 7b of the

bottom part 7 . The dinensions of the disk portion 21

are such that the disk portion 21 has the |argest

dianeter of the insert 10. This feature makes it

possi bl e for the chanber part 1® to hold the insert 10

in place in the bottompart 7 by transferring the

foréd fAVHT hadeapsharths secendht eheeidehe damuiah 7b of

Pr esaHr 8ot Bkt RRf-rdomnsty a&lﬂénéb@&%na%r t k0. portion

second 22 and a-third disk portion 23 are provided. .
- The?bub&r diunsilers Bhet e skeqund: omd 2i hdsﬁltﬁ!e largest
por g1 , espd.sulsgt an ll'y-to the inner .
diH%%gﬁéﬁégofgghgﬂﬁ%s?%eanﬁ%nSEBf %hgschgﬁ%gyrﬁaﬂ?ékﬁs 1t
Thebeepibbebbdy 2hef dirabiersqrdarex® ehdshbidmehke insert 10

do tr ac third disk, portion 23_. The
spggé ﬁggﬁgingghéj%%m%gﬁF§§h1P%Et gz gﬁé IR EC BT 2 the
andfoheei fimem wehé afapt hparharheto pacdur® edewist eramigiquid
th ' i sk portion 23 constitute m xi ng or

Swi #géﬁgﬁghgk% Aner 1 Qw%ﬂgr%%ﬂtr% bdd}F 2 jsert 10, a
rotstcondl Rp symdresr ittdlrd ndisle poxitAgncEdTWete lprovided.

tend - ing froman . upstreamaor bottomend formed by _
]Sﬁéﬁﬁ%mﬁ§FF%%ngﬁgggséogﬁ tﬂg 6§F?e§eﬁo§ﬂ-oﬁpdtﬁﬂﬁugh disk
thepowtti@hs £p,the eFeddRMd Shaves e TEPL£8 BALY i2ner
has_a eneralléﬁcggyerglng shape seen in the direc
d

ti SHEIBFIT MR SnpEssEsan A9 el i e pbrmben Rart 9.

andrige CURMAIGH NBoBY t HONL2b thfef . iﬁisgrtz)ex%égcﬁgr NALdYe the
shapes of the centre body 2 will be described in

f urdErsieeam| fBero Pf céiier athbed edfiabt pshdwion i 23. The
: .1:¢h§%%t§§g%e%2?%ﬁ %@@(_i@éwﬂ\éﬁpeérne‘fgget r36}| &%-ecéﬁt.kg body
2 and. the.inner wall of the chamber part 9 downstream
of the third disk portion 23 constitutes a mixing or
swirl-mixing chamber 1. The centre body 2 is rota-
tionally symmetrical in the mixing chamber 1, extend-
20 ing from an upstream or bottom end formed by the
downstream face 3 to the outlet 4 or out through the
outlet. In the embodiment shown, the centre body 2
has a generally converging shape seen in the direc-
tion of flow, and comprises a cylindrical portion 2a
25 and a converging portion 2b (cf. Fig. 2). Alternative
shapes of the centre body 2 will be described in
further detail below.
A central bore (not shown) in the insert 10 is
coaxial with the central bore 14 in the bottom part
30 7. At the downstream end of the central bore, a
number of radially extending bores 6a are provided.
In the embodiment shown, two bores 6a are provided,

of which one is wvisible in Fig. 2. The radially



7 . At the downstreamend of the central bore, a
nunber of radially extending bores 6a are provided. In
woheos@ebiagdi ment shown, two bores 6a are provi dedT/pef2003/000929
which one is visible in Fig. 2 . The radial | yextendi ng
bores 6a are in fluid comuni cation with an annul ar
channel 6b forned between the second and third disk
portions 22, 23 and the inner wall of the chanber part
9 . The third disk portion 231donprises a nunber of
axi ally extendi ng recesses which constitute axially
ext exdiongicisahvstes 6@ extenth nfliidnronsuannakdon with an
cha t 0 tr c h ir i.S
por EroniPY (BePRetoEs) | ERN T hehed "RAT et ana
The tdtiambetigarpokicngoslt i @Redncodtical inynedt wall of the
respect .to the.insert, 10-.and.the ca rt_8 The _ .,
out SR S creberthd Absf BoRPhbe g, fiRrices 2
I Bsntenbard lofbfastieel papepioend Bng f peodsaegaghfpkbBnwdnstitute
chanmber .12 . The interior of the chanber rt 9is a
r ot &1 oHaM y S\ FReE RS § . CEnsERE 9y Jionl the
cyl iamghileal @ieiinen apd n%o caﬁger@im@rﬁdﬁ Oﬁaéboslfs?ﬁ the
to the aqutlet. 4 . I n conbination with the shape 0 e .
cenFE@IEBd%1%$ PRES1g8onet r ¢PFestit® iER tHRE Sierl-mixing
M Xichgn®eammer 1 has a cylindrical portion and a
converging partion. Alternative shapes of the m xin

i xing
tRanber THew F1aBReTeBRFFbEd +R PRSHdONget afPabepbly with
The relgaher ggrtend COALALES QNea0l MDhe ¢ah | Bhet 8. The

channel's 5 . In the enbodi nent shown, theré is one gas
i nl utsrefahdi a§ Shestdmukay ypauhgént itadgthgs hwith the

288, 0L, T HBL 6 A8 SRRy Yo
uni chammberi g § ntleet hatbotpomofcaphsyshanbeThipanyi vesis a
28 advantiageiwhen Handiiag the-perzle regadices by a
'cyiindriéal-portion and a converging portion closest
to the outlet 4. In combination with the shape of the
centre body 2, this geometry results in that the
mixing chamber 1 has a cylindrical portion and a
20 converging portion. Alternative shapes of the wmixing
chamber 1 will be described in further detail below.
The chamber part 9 contains one or more gas inlet
channels 5. In the embodiment shown, there is one gas
inlet 5 extending substantially tangentially with

25 respect to the inner wall of the chamber part 9.
Together, the chamber part 9 and the insert 10
form a unit, fitting into the bottom-cap system. This
gives an advantage when handling the nozzle regarding
pre-assembly of the nozzle parts and the possibility
30 of easily replacing worn parts. The two pieces are
sealed and held together by an axially sealing O-ring
31. This sealing prevents gas from entering the

swirl-mixing chamber 1 from bottom, i.e. the down-



pre-assenbly of the nozzle parts and the possibility

of easily replacing worn parts. The two pieces are
woeeals@diiand hel d toget her by an axial ly seal i ngCOAXK20@3/000929

31. This sealing prevents gas fromentering the swirl

-m xing chanber 1 frombottom i.e. the downstream

face 3 of the disk 23, of the chanber 1 . Further

O-rings 32,33 are used to seal the liquid systemfrom

the gas systemand to seal thegas pl enum chanber 12

fromthe surroundi ng atnosphere . In the follow ng,

t he opezat | dacef Bheofioztle diikk b23 expdiai née: Theampazx 1.

for ataom

sation.enters_t as pl.enym chanber, 1 —
e AEATe So TP Senannte hySRdE SIREh ke | 1iquid
ph?r@;aété@fm? gelse | §a?ce§b§éﬁt aﬁdﬁbomigiau hth@gagas plenum’
inlet. 5 into'the swirl mxin amber in a
t angBHRTRET dh4 e&?%\r/}\é]i‘% ?W%‘g‘?#ﬂiawsﬁ%ﬁ%er i nner
wad | . Tihe driengeiltialind)f 1w dpgas idealtscide SbEL180will
flow field ip the m xing chanber around the centre
bodyPe APYRbEHRSE andBRt IS R sRbPNySRbleRe emtetsy the gas
charbesndm adhsdwsal by ivmRidem anar geidi agekercifnddes 13.

atom sation nozzle due to _channels or piping extending
r adi BOM r SRt hel aFeHi sHhankar ndzzlide t BEspr éSenccelerated

desi@n-dudy msgs t nozzl & disanetfleo Thepd | G f-1 S mixing
di stributed fromthe central bore 14 in the bottom_ .
pet tchraebrr t helbest reandriteiakh dhee¢hsent teo the owghindri-

Fhe 55!?§h§ﬂb¥.aihﬂg ci éTfﬁUT %a@gg eﬁ@i&? b %1EEQQ&F gas

inlets in the ormoFt e axi ally extendi ng channel s

6¢C Fﬂ%ﬁﬁﬁﬁ$nathﬁdpéﬁﬁphefypmffﬂhéddﬁsk 2Rei mixdahgri olgamber

(e MaULS | dfec o e K09 chabebty Woonotin, o

centswp@ly stas thedindatiedy | chdtieeenbeddiehtneflly implies a

15 large diameter of the atomisation nozzle due to
channels or piping extending radial from the atbmisa—
tion nozzle, the present design minimises the nozzle
diameter.

The liquid is distributed from the central bore 14

20 in the bottom part 7 and the central bore in the
insert 10 through the bores 6a via the circular
channel 6b to the liguid inlets in the form of the
axially extending channels 6c placed in the periphery
of the disk 23 introducing the ligquid in the swirl-

25 mixing. chamber 1.

The direction of the liquid inlets can be parallel
to the centre axis as indicated in the embodiment of
Figs. 1 and 2, or inclined, as shown in Fig. 3 to
give the liquid a swirling motion. In the alternative

30 embodiment of Fig. 3, parts similar to or having an
analogous function as corresponding parts in Figs. 1

and 2 are denoted by the same reference numerals to

which ' has been added. Also, the liquid inlets can



Figs. 1 and 2, or inclined, as shown in Fig. 3 to

give the liquid a swirling notion. In the alternative
wenhsdenamt of Fig. 3, parts simlar to or havPam/Da2003/000929

anal ogous function as corresponding parts in Figs. 1

and 2 are denoted by the sane reference nunerals to

whi ch has been added. Also, the liquid inlets canhave

the formof a cylindrical bore extending fromthe

liquid annul ar channel 6b to tite bottom of the m xing

chanber 1 , or have the formof an annul ar gap,

di sheivsuttlhg tdwernt i qi B asydivdrieem fhdrg ekeending from

ent%ﬁk”%ﬁ%ﬁi@&%ﬁﬁﬂfﬁrFgﬁaﬁﬁéildﬂﬁgéﬂgh%rﬁgﬁﬁ?%WQ%nthe

entering -m Xi Ng nber 1
‘ent maxdeg ighartieeigak, sorehaventkei figrfr of tédhe ggasilar gap,
cha ne I qui ] Xture swirls.ar ougj’gri. f he

1 " when

l._5.. .The gas-| d. .
cen retgégﬁltzlngnd%}tecel Ftes i ouagh Lfrh]ef%%?)v
pbr enderdha thesWattonmod rthee haniyelr- i tiagy i digarditeet he
surroundi at nosphere through the annular outlet 4
aher o rniP8as SOREGIRG nikeuraviElaRarendt  Chivher 1 the
nOZZHQuQGOﬁﬁ§r¢ntk&ihbG.Qﬁboﬁhﬁe@béﬂéﬁf%ﬁﬁgénteréng from
separation poipnt (ring) on the centre body 2 can be
fouﬁg‘eoui@?decgﬁ@%@han‘)ﬁer BE1 925~ Ll Contgare swirls
por tiredindb tHe t Beneent RWOAY £ad HaveldihteseRrhdRIGE the
as shown in Fig. 4 . The formcan be a hal f-sphere

L& gonagrIeathunt iap e Fitdie 4BWigndimigiing a guwher 1

the bakandef kped By rohalbidaeng. AchbiShE&r&r ChhPbugh the
parabl e around the axis of symetry, or have the form

of aAnBlpirpsPeYFr g. 44c) Wrexs npthea eefelimugd 4dyixture
To oi f paLrat+4 on d i nt. of ;

centr R Bads o Can be rbar P e CEPACEA) Fo pave qtiment
pl asgoWnentthencceparattern peinbl (owngdr ped tbe centert body

95 Eoggﬁabéf%H@nd”b&%éﬁggngﬂeféﬂémber outlet.

The cbnvergent.portion éb of the centre body can
have different forms as shown in Fig. 4. The form can
be a half-sphere (Fig. 4a), a bullet shape (Fig. 4b)
ending in a point, the form defined by rotating e.g.

20 a circle arch or parable around the axis of symmetry,
or have the form of an ellipsoid (Fig. 4c) or simply
a cone (Fig. 4d). To fix the point of separation, the
end point of the centre body 2 can be modified (Fig.
4e) to have a plane front end or a dent or hollow

25 formed of curved or conical form, or a channel for
adding gas to control the wvacuum following the
separation point (Fig. 4f). The mouth of the channel
may have any conceivable shape. The above-mentioned
converging forms follow the cylindrical part. The

30 cylindrical part of the centre body can be excluded;
the convergent part then extends to the chamber
bottom 3.

The function of the centre body 2 is to stabilise



addi ng gas to control the vacuum follow ng the

separation point (Fig. 4f) . The nouth of the channe
woayoshiavia any concei vabl e shape. The above- nenPComat003/000929

converging fornms follow the cylindrical part. The

cylindrical part of the centre body can be excl uded,

the convergent part then extends to the chanber bottom

3 . The function of the centre body 2 is to

stabilisethe swirling fl ow and4prevent the surrounding

atnos phere fromflowing into the chanber 1 by filling

out thie svwwlgmes stitewcentr @usiverite Bk r Bimgofihding atmos-

Fur 8Lt SENE] Y£$9Z1§E83E 2 Qﬂﬁgﬁgﬂgr%ngikgﬁggﬁg out

of € annul ar ou ereby ena €° uUSeé
| ar gbeodbetpisaetercémrra of veneoawlieling flow. Further
crogﬁésectional area. Th E@r er dianet

rod . '

favouraﬁ%?qﬁﬁtﬁgdgeﬁﬁsﬁ) n1X|%gIQPFra§&'§E§t%%% of the
nar aonail atthewgdpst thethereby theblligw dlandugasocdre large
br ou 0 react,k and thereby atom se_into fine .

or oBPEL et HESBHEREL Loboe LetYPBnaeles Gt sect ional
Iadj Hﬁ“ﬁadf itﬂhhé hEaﬂ@éfggighléﬁég Hys @d\&ﬂdﬁh'a{mé lhgnat'hal sense
en of the centre body. Adjusting the outlet gap 4

bet &éerf“i:’éh’f‘?e Pody 2 %and3Sni rTuh@ n‘i"‘*;%‘irﬁgj’w&?anﬁ@ﬁ 19%%' the
| nppEtaBl: Wiea ailewsspeed f besdas LOoPsYIBhtOrtd SréQcke and
obt aj ned, Adjusting the gap also controls the pressure

+0 FRETSRIVT PEOTiSE AGtchanter FoP1&tdi-ven gas and
liquid frhawshaherarddsy tRerebnaa B&E%QQ%kﬁk%néE%hsted in

obtai ning the double sonic junp in the TFN. Adj ust nent
of Ehe g:gerﬁﬂr%nppéﬁ@r&abllyw@%éemmﬂe desi grigHaséength of

seritgs et Rozzhe & zes adapted to specific rates of
gas and IFQuid. Eﬁgoint of separation of the

gas- | i gbfdusitingr eelis outlet gap 4 between centre body 2
15 and swirl—mixing chamber 1 is important when a low
specific gés consumption is to be obtained.lAdjusting
the gap also controls the pressure in the swirl-
mixing chamber for a given gas and liquid flow rate
and 1is thereby a precondition for obtaining the
20 double sonic jump in the TFN. Adjustment of the gap
is preferably done in the design phase of a series of
nozzle sizes adapted to specific rates of gas and
liquid.
A point of separation of the gas-liquid mixture is
25 - found on the centre body 2 close to the rounded head,
which is the trailing edge, considering the flow
field. A well-defined separation point is essential
for the function of the nozzle. The point should
preferably be found outside the nozzle, in the sense
30 that a plane, normal to the plane defined by the
centre body, intersecting this in the separation
circle will not intersect with the nozzle geometry.

The swirling gas flow in the swirl mixing chamber



found on the centre body 2 close to the rounded head,

which is the trailing edge, considering the flow
woizadsthe11A9wel | - def i ned separation point i s esseqaripa2003/000929

for the function of the nozzle. The point should

preferably be found outside the nozzle, in the sense

that a plane, nornmal to the plane defined by the

centre body, intersecting this in the separation

circle will not intersect with5the nozzle geonetry.

The swirling gas flowin the swirl mxing chanberis

enhascethinnad® bundgdwat i tdnggrst ial egaer iimiledt sof tiplets 5

the_swirl mxi.ng chanber 1 s fur r e

advgrolt .a%%%uss“flo hedits| ri%%%ﬁ%%i of1L Ti éﬁ:&d”g%t efrlf%tghermore

t he asiwiablt agrioxisngt s hameerd st hilowghon hefl | fugdidnlettsering

14. eating a thin, eguall i stributed Jiqui.d filJm

f or 5t HE 1@9¥ﬁn§iﬂga§?%%igaﬁhﬁ?%ﬁqhtgen#ﬁﬁ%ﬁ%(ﬁnlets
speqif.i cmidt aonsamhian. etaldonvet gthgoswed| litigiing £ilm
chagber 1 can have th rincipal,foruos shogg in_Figs. £
5a tGTBF. R T AT oF P ThERhpeR 8o Mﬁé“um ©
canSP@caqﬁwe@ﬁr4Qdmyﬁmb%QonIhe front end plane of the

nozzl e

, facing the surroyndi ng at nosphere, can have
di f f er eARCaRGPYETH G GL 3’ th?'ﬁg%ﬁ d gan hpve the
nozghgneii e ferpRd ashawdi Mer grngsoutsgt dol E@gwW ngor the
t he convergent chanmber to form a convergent -divergent
A8z Zoaicelottiali SlipepBERi BTsFedd 3P kheCant Pt Petween 40

Propefy desian ehet he-3as dith ep1anand Masndi quizd1@ut | €icing
4 cross sectional areas gives the pOSSIbI|Lt§ of
havW@@_§mm&punﬂkngt@tm@ﬁ@h¢¥ﬁth@a@abaVﬁl@ﬂ aHe angles
9as cldfilbg Q| gk Lonhe Bave shoundaventallfzle or be
atom sation resulfs en these conditions are o
t ai Mfedmebests resdiverging outlet following the convergent
15 chamber to form a convergent-divergent nozzle to
obtain sﬁpersonic speed in the outlet.

Proper design of the gas inlet 5 and gas-liqguid
outlet 4 cross sectional areas gives the possibility
of having sonic velocity both in the gas inlet and

20 the gas-liquid outlet. Tests have shown favourable
atomisation results when these conditions are ob-

tained.

Test results.

25 The droplet size distribution atomising water us-
ing nitrogen as gas was measured using laser diffrac-
tion. The droplet sizes are expressed as the wvolume
percentage of droplets having a diameter less than a
certain value. E.g. d 50 means the diameter read on

30 the graphical presentation, where 50% of the volume
of droplets have diameters less than d_50.

The span expresses how wide the distribution is.

The definition used is span = (d_90 - d4_10) / d_50.



The dropl et size distribution atom sing water us ing
nitrogen as gas was neasured using laser diffrac tion.
wOoheosdeoph et si zes are expressed as the vol umePCT/DK2003/000929
percentage of droplets having a dianeter |less than a
certain value. E.g. d_50 neans the dianeter read on
t he graphi cal presentation, where 50% of the vol une of
dropl ets have dianeters |less than d_50. The span
expresses how wide the distrillion is. The definition
used is span = (d_90 - d_10) / d_50.The test results
are sho#s ntesly. resuféfe 2R 6h5OM simhdig -aséawhere the
fungt isen gt tggomecaéwag% SpCRASHTPLIEON, pLhe . gaseli8  oag
- feed7rati 0" or a nunber 01}'1 prior art Rozzl 88 a 5
~for Cénﬁ@mtéoabcdﬂ'cﬂ ntgaso 1I¢1ef$ﬁdenat®n”,ﬂf@zf eaechumimeer of
was r be seen.t hat
t he %gggﬁe%cggg%%ggt% tBh:Pclg]ﬁventl on a accoralng to the
sEgnerE@é;mdry | Bver fepdcirfate gwasccﬂﬁsuhgt |pm~rfhoua of tap
giv an rticle si A noz
at o%gs:ér%g aP?i Eqn&&de% rér%gﬁls%o 55? ¥ E‘Fsiaﬁ’é:ogdlng to
m xichg atmm:mnc(xi) hext and;mabialdmn;anluwékr epBEMic gas
(Ba}o%nd a gr eam end, at | east on%rﬁ UI d inlet
( 6¢c) CRRA R Oéla fe SN FTe AP PAFIL G4 A19%) to
said m xi ng chanber, and an outlet (4) positioned at
the downstream end of said nixi ng chanmber (1), ¢ har
acteri zedinthat a centre body (2) having a
general ly converging configuration, seen in the flow
direction, is pro vided in the m xing chanber (1), and
that said at |least one liquid inlet (6¢) is positioned
at or near the upstreamend (3a) of said mxing
chanmber (1) and in the upstreamdirection with respect
to said at | east one gas inlet (5). 2 . Anozzle as
claimed in claim1, wherein the



centre body (2) conprises a cylindrical base portion

(2a) and a converging portion (2b). 3 . A nozzle
wacewroding to any one of clains 1 to 2, wherei RCTME2003/000929

downstream end of said centre body (2) is positioned

outside the outlet (4) of the nozzle. 4 . A nozzle

according to any one of clains 1 to 3 , wherein the

m xi ng chanmber (1) conprises a cylindri cal portion

and a converging portion, said7t |east one gas inlet

(5) being provided in the cylindrical portion 5. A

nozAleigcording to any one of clains to 4 , wherein

said mxi ”QACHQ?’Q% €d) bR oRhQY %Eda 'fl aHPaneE%t of a
(9). 6 . A nozzle accordi ng to any one c al s
5, m@r,eu nceher tehtg e Bodynigand or esambpeint dgo al epmetndlng

of tal{ Lgl%?t](]e_l_ R8T g aghgr di r&%v&l%t?e%l('”zeg-sd, at’

mherel e I ns conprises a di'sk portio
péslhaa@tedom Ungulu@snnéam et )ofariheateheretbome (ngen-

sai ISk reion (2 f t its. domn treamface
(3)(E %el u 5 |rear9rﬁL eénd%é? g{aclﬂnd@%l% nmlx %a("%e.r’S ni\ an
noz ohue 1adc of 4l) ngokd tdbaemh GitortHe \dwrmurml dendsert said

(1O)n1 its atﬁqeam dis onnected\%trla botto .
par (UI0AS WS ¢ Ui i  Goohifoct €4 St IF & carf in
(8) theal ch cbanbee pady (@) hednpngposi gem&dmnyt h:ldhverglng
idc art and in conpecti with said insert

??O)C.on%nl. ar*fdﬁ?'e §€8Br dithg 6 ahyPBné gt iahs 1St ro-
8, whelel nianelgasmiflaly (SadiSer qQu)dedah@angentd akhyd at
Wth respect to the_inner circunference of the m Xi ng

cha H 9ne 15ilanidoiRletadésr dity PeShhiorpe 8f or near

cl aithe uf-ream end (3a) of said mixing chamber (1) and
in the wupstream direction with respect to said at
15 least one gasg inlet (5).
‘ 2. A nozzle as claimed in cléim‘l, whérein the
centre body (2) comprises a cylindrical base portion
(2a) and a converging portion (2b).
3. A nozzle according to any one of claims 1 to 2,
20 wherein the downstream end of said centre body (2) is
positioned outside the outlet (4) of the nozzle.

4. A nozzle according to any one of claims 1 to 3,
wherein the mixing chamber (1) comprises a cylindri-
cal portion and a converging portion, said at least

25 one gas inlet (5) being provided in the cylindrical
portion.

5. A nozzle according to any one of claims 1 to 4,
wherein said mixing chamber (1) is provided in a
chamber part (9).

30 6. A nozzle according to any one of claims 1 to 5,
wherein the centre body (2) forms an integral part of
an insert (10).

7. A nozzle according to claim 6, wherein the in-



9, wherein said centre body (2) is adjustable in the

axial direction. 11. A nethod of atomsing a liquid by
woresdeofiva gas in a nozzle according to any ORETMK2003/000929

claims 1 to 10, wherein the area of the gap defined

bet ween the inner periphery of the outlet (4) and the

centre body (2) is designed and a gas pressure chosen

so that two sonic junps takes place during operation,

a first junp taking place wheds8the gas enters the

m xi ng chanber (1), and a second junp when the gas

_1i geid rfile) urcenieiEes tehrdigih PABEHOR| é23Yapopafpiongd at

oy BLOL PG00 ko o oL Lo Sy R g

spr apreaan nR3) fo:;min‘g at its downstream face (3) the
ﬁpstfeam end of said mixing chamber (1) . S

5 8. A nozzle according to claim 6 or 7, wherein
said dinsert (10) at its upstream end is connected
with a bottom part (7), which in turn is connected
with a cap part (8), said chamber part (9) being
positioned within said cap part (8) and in connection

10 with said insert (10).

9. A nozzle according to any one of claims 1 to 8,
wherein one gas inlet (5) 1is provided tangentially
with respect to the inner circumference of the mixing
chamber (1).

15 - 10. A nozzle according to any one of claims 1 to-
9, wherein said -centre body (2) is adjustableAin the
axial direction.

11. A method of atomising a liquid by means of a
gas in a nozzle according to any one of claims 1 to

20 10, wherein the area of the gap defined between the
inner periphery of the outlet (4) and the centre body
(2) is designed and a gas pressure chosen so that two
sonic Jjumps takes place during operation, a first

A jump taking place when the gas enters the mixing

25 chamber (1), and a second jump when the gas-liquid
mixture leaves through the outlet gap (4).

12. A method according to claim 11, wherein said
method is for spray drying, spray cooling, agglomera-
tion or spray coating.

30



