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The present invention relates to a nozzle for

atomsing a liquid by nmeans of a gas, conprising a

m xi ng chanber extendi ng between an upstream end and

a downstream end, at least one liquid inlet and at 10

| east one tangential gas inletlto said m xi ng cham

ber, and an outlet positioned at the downstream end

of ZaFdenpfi techameatioThe i nvention furthernore
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used for atomisation of- a liquid in spray drying

plants and in fluid bed 20 aggl omerati on. Liquids can
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Background of the invention -

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

20 agglomeration. Liguids 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 ligquid and the gas may take
place either inside the nozzle itself, so-called
internal mixing; or outside the nozzle outlet, so-

30 called éxternal 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




2 the liquid. Internal mxing TFN has the advantage
conpared to external m Xi ng TEN, to m x gas and

WO pepsioa Ipef ore the two fluids enter the surro®&diTHg003/000929
at nrosphere through 5 the outlet. Criterions for _
eval uating the performance of a two-fluid nozzle are:

the nmean droplet size, the span of the droplet size

di stribution and not |east the specific gas

consunption, neaning the anourd of gas 10 used to

atom se_a given anount of liquid, also called the
gasthe-1éedifatio. Atonmising finer droplets with a
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gas-Tat e uni 0 one feed-rate uni are u
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the gas-to-feed ratio.

Atomising finer droplets with a certain two-fluid
nozzle means in general higher specific gas consump-
tion. The specific gas consumption varies with type

15 and size of two-fluid nozzle. In. general, ratios-
.-between 1 and 2 (two g'as-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 isg. 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 (dS0 - dlo) / d50 is nox-

25 mally found in the range from 1 to 3 for the'ty.‘pe of
nozzle in guestion and depending on the feed rate.

The contact and mixing of gas and liquid is where
TFN meet their restrictions.

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 suxrounding atmos-




on the feed rate. The contact and m xi ng of gas and
liquid is where TFN neet their restrictions. External
wonoss/eg1iPFN, where the gas typically mxes 30pan/i2003®00929

liquid after leaving the nozzle through a ring-shaped
aperture, neets the limtation when the gap in the

gas exit becones so large that a larger part of the

gas is lost into the surroundi ng atnos WO 2005/ 061119

PCT/ DK2003/ 000929 3 phere, instead of reacting with

the liquid. Atom sation into fine droplets follows
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entgRgaddor inmprov- ing the gas-liquid mxing, also
disturb the flow, causing the span of the droplet
S| ze diIStEB@l GHRIGT Mgz lant@h il tirpeseibdéasyapt an

Ai¢ate thandl r#xﬁgi g eani Ao B, cayses wearijdlted in

Ad ition of ato tion. gas iInfluences the spray
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&S of nozzles of the internal -nixi ng type are
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cleaning and causesg wear.
15 Addition of- atomisation gas influences ‘the spray
drylng or spray cooling process, in g’éneral causing a
delay in the reaction following the atomisation.
Examples of nozzles of the internal-mixing type
are well known in the art.
20 us paten't No. 2,612,405 discloses a nozzle in
which the gas is supplied in the axial diréction 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 pip-e extending radially
"outside the gas pipe.
' 'In a commercially available nozzle the atomising
gas 1is 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




25 The lTiquid is supplied in a pipe extending radially
outside the gas pipe. In a comercially avail abl e
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a separate pipe, which contributes to the radia
di mensi ons of the 30 nozzle. Furthernore, the m xing
chanber of this prior nozzle conprises edges and
obstructions resulting fromstructural conditions.
I nternational published applicétion No. WO WO
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t$ onedzlle.t he introduction with respect to the
speci fic gas consunption, which is necessary in order
to provide a certain demanded nean dropl et size, and
Wi t buamatgt efothehdmientsipan of the droplet size. In a
first aspect of ,the 1nvention, this,object ig. 1? 112 TN
by a no¥:FB ofPRiRe RPAHIRE néd i hSt hd%i nYPosct ©
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‘In a first aspect of the invention, this object is

15 met by a nozzle of the kind menti'oned in the intro- -
‘ auction; which is furtherﬁioré characterized 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 omne 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 nozzles, the production of fine parti-
cles in spray drying applications takes place by
atomising the liguid feed with a very low content of
s0lid 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




possible to obtain a nore efficient atom sation. In

25 the prior art nozzles, the production of fine parti
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particle size, thereby raising the production capac-

ity for an atom sing device. However, the nozzle
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In a structurally simple development of the
preferred embodiment, which furthermoré  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-liquid.mixture'up to

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




Preferably, the downstreamend of said centre body is
positioned outside the outlet of the nozzle. This 25
WORMGEEEY f or a wel | - defined point of separati d’r‘FTé‘i’I‘z003""0('“929
the gas-liquid mxture flow fromthe nozzle. The

m xi ng chanber may conprise a cylindrical por- tion

and a convergi ng portion, said at | east one gas inlet
bei ng provided in the cylindrbg portion. The 30
convergent part of the swrl xrng chanber has the

funct.j.on accel erating the.g uid Jmxpure
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is pre i ent nsert, conprises a
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centre pody, sai di sk portion for

oAy Be e 5P, G NS Shmg’ SO Alcndd hrougn the
chaspreret | n a further developnent of this preferred
enbodi - 20 nent, _the insert its upstre

m end .i.s
connect&d awﬁeﬁeéoggﬁpgnpsap 1 SIS rﬁmggdlment the
opnecded ddbAices a disk ‘portion positioned at ‘the. .

upstream end of the centre body,-sald disk portlon
forming at its downstream face the upstream end of
gaid 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
said cap part and in connection with said insert. The
_particularly simple design, which allows for easy
25 assembly and dismounﬁing, 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 1inlet extending tangentially with
respect to the inner circumference  of the mixing

chamber.




cap part, said chanber part being positioned within

said cap part and in connection with said insert. The
w@adosiosuharly sinple design, which allows for ea3yw2mes/000929

assenbly and di snounting, facilitates cleaning and

i nspection which is essential to e.g. pharnaceutica

production. Furthernore, the sinple construction

makes it possible to scale the nozzle to both snal

and | arge sizes. 30 It has proyen particularly

advant ageous to provide only one gas inlet extending
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of the mxin chanber. WO 2005/061119 ,
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inner periphery of the outlet and the centre body is
desFBABACANENE §astacdss Fi&hosen so that two sonic

junps takes RlacshdunkpecePerati, 18 dihé Sén| UAP mdhod of
taki ng place when the gas enters the m xing chanber, -
15 atomising .a liguid by means of a gas 1s provided, in

-_'wh'ic'h the area of the 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 jump'

20 taking place when the gas enters the wmixing chamber,
and a second jump when the gas-liquid mixture leaves
7through the outlet gap.

Beyond spray drying, the method may also be a

spray cooling (congealing) method where it is -essen-
25 tial that the .1iquid feed 1s kept warm all through
~~the interior of the atomising nozzle. As the gas for
atomisation is introduced downstream of the liguid,
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 o0il can be avoided.

" Spray cooling may be used for e.g. waxes and waxy

solids such as e.g. glycerol esters of fatty acids.
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t he f n p awi ngs. 10 Bri ef
des%$?p%?%nggﬁggﬁgadgg%ﬁﬂag%Fig. 1 is a sectional view

F a nozzle in an em bodi nent of the present

| nveni Lo ELEs 2118 BePerapaeLive yiew on a larger
sc ; e of Fig. 1, Fig.
3 is apeyrsp' dct ivesytenondl respondifng troofihe 2nokn em-

the%i sert_in angﬁher enbodi,ment _of the nozzle
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15 of the insert of the hozzle'of'Fig._l}
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Fig. 3 is a perspective view corresponding to Fig.
2 of the imnsert 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 sgchematic views illustrating
different shapes of the mixing chamber of the nozzle
- according to the invention, and )
25 Fig. 6 1s a i_:fraph 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 wview in Fig. 1, the wmain components of

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




20 different shapes of the centre body of the nozzle
according to the invention, Figs. 5a to 5f are

weenwserie views illustrating different shape®cafpikinesn00929

m xi ng chanmber of the nozzle according to the

invention, and 25 Fig. 6 is a graph show ng curves of

d-50 as a function of specific gas consunption for
different nozzles. Description of preferred

enbodi nents 30 In the enbodi mreAt of the two-fluid

nozzl e shown in a sectional viewin Fig. 1, the main
conPOREAEE BRTL( Ko Tk A% teaprisalavidt em pantr, bady 2.
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chanber part 9 and an insert
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downstr eam end an ou
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556ng G}g%#g{)ﬁ%gart 7. The bottompart 7 is at

the up ream en "8%%%e ‘. g. connected to a
nozzl e-’ﬂl'mc}eohaumngpaa:t centizalat i ﬂhed Lﬁ;&wcpﬂ:é/aml Brh&f the

emhodi ment shown, the 10 uid supply pipe 25 is
a??l ac Zrige i & t h&%&ﬁ‘?%frﬁcli p%‘? 72 py? -bRnget hhadéng 2

( netersheyin lﬁ]qd@ﬁaléﬁpplftOlﬁaﬁﬁ%;l@%ﬁ?éﬁé;%h% the

om.part 7 tion-
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l'iquid supply pipe 25 forms a space I n € gas
i's ”FPar?sf‘é@ﬁ”é@a r H9rEn 34l #n theotbathtoym) peta Munhsrion-

o s g aebeck g L LR O
147 4.5 | Ferthavubder Ruparttdednwiahi srprexidedal angbe 26,
EUCJE_EL%E ‘E%‘@%%tz{eera“%lth the liguid supply plpe 25 forms a
-space in which the gas is. transferred 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 shoulder
20 portion 7a is provided, and further downstream a
second shoulder portion 7b, the second shoulder
- portion 7b extending outwards in the radial direction
with respect to the Ffirst 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




second shoul der portion 7b, the second shoul der

portion 7b extending outwards in the radial direction
wowzeds/osespect to the first shoul der portion 7aPCTAEK2003/000929

first and second shoul der portions 7a, 7b acconmodate

25 the upstreamend of the insert 10 and partly of the

chanber part 9 in a manner that will be described in

further detail in the following. On the radia

out wards side, the bottom partl®7 is connected with

the cap_part 8 by neans of a thread _and an Oring 30

seatl3@Puliie PrASEPET10EREs sarQisht FEaMLERT WarhifRen7b of

i s cRECRAIRAAL @it 4 herhot 1omERaibng 3 BRUIS sk portion
agai nst the first shoulder portion 7a. A first disk-

" por?? oATRO 0G5/ Beat 1 5hpCHipke 3y oo 28 11 hapl Butkargest

‘againsfethe sseondishouldler, pard] oyt Ok eathiecbonboml e
part 7. The dinensions of the disk portion are
sugheshdiblehdodi sheporthdrdre lpas Phéd dcdestthe insert 10

di ter t [ rt Thi eat ur, [ ,

CoolE Bale (R RS ko IRt Uiy TREERSkLrPing the
i n Ppace ifrdihethet taap paatt? Hytor ansiereranck t hbe liquid
force fr8§1the cag gart 8 totcounter ct %he liguig 10 a
pr ST Bur t hef “B5uwnsLPEERTBFahe OFnsEPE 10058F ‘
secoebi2? ard @nd hier dldixsk AOski @ordIc e2pr aviedaskodiied.
&hg@outer di nensi ons .of the _second and third dis
1

or

d

ROnSBET 2P Fhd S ubsEantI e t@n@hetg?'ﬂ’ﬁ@ disk

| RSt Divgs Oh 2t he supsifeapand ehbsbenehaner tpafithd. inner
The_centre body 2 of the insert extends fromthe
doHsteeahPracets tde uRstuRay ehdkobofhrofhagbemeams 2-

spages belamen: t hp,dowast seanpiace ndediheseBhne bedym the
2 and the inner wal'l of the chanber part 9 downstream

of davstreamdifsicspod t Pén tiee cohsrHt Wiedk aparkieg 88 - The

TR A oo CEakr 2ol e Shices oay

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




20 ing froman upstreamor bottomend fornmed by the

downstream face 3 to the outlet 4 or out through the
wpronF/ed1119 n t he enbodi nent shown, the centre bpdypR2003/000929

has a generally convergi ng shape seen in the direc-

tion of flow, and conprises a cylindrical portion 2a

25 and a converging portion 2b (cf. Fig. 2).

Al ternative shapes of the centre body 2 will be

described in further detail pelow. A central bore

(not shown) in the insert 10 is coaxial wth the

cenexien@bng Bdres Hhealvet tiomflaritd EOwmfonAtathen with an

do I e he.central bore, a nu r of
Al e e N e kR el E, pRgond and
St vbrc hoporimmehacss 25 e AVl sl g
one_,is .visible, i . 2, .The radially W ‘ ]

DTS Bo0628 - 1 T e EBiaTinGl b SotAoR 21 rCPRaFdSeS =

comumbEat bonawtibhignexaendlial ¢harele bl MEedonstitute
he second and third disk portions 22, '23

betvwiabi . .
and e thnet vl i 1%d tPRANRBIDAC papXtending t firew the

di Haard: 0Bnd3nedNUY SBS dheS AYNRSErQimdXiAld Y3 of the
ext endi ng recesses which constitute axially extending

chdrielS ~ B SExtRei IRP f RBmad thusulte thennevisb-mbxing
t he.iownst ream face 3 of the third disk portion 23

and thus to the swirl-mxing chanber 1. 10 The
1€hanmberThsar ¢hamber ppsirtti ohed scqaxsdtignedt koasdsddst with
to | nse n cap.part,8..The _outer wal

of ]{h Elc an‘gér l%é?t q&?sgt%ggeg?]erar\ﬁtﬁhﬁhecaﬁ)nﬁad%t Wil The
of auteapaphr b8, tHeorobarabgasppkenan cbasbRerlsitiecthe

ML L W R MR R R IR
portiamibeandia. cuhyeligitRg iRer DNt Bk 0sesinber theroubl &ty a
1%"_r|oril.a%%rcr>t1)flla a.ty! or.]syvtgrgerg:rtirc]:e %%%Qn%t?:fy,t heconstituted_ by a
. ‘cylindrical .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 mixing
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 pileces 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-




centre body 2, this geonetry results in that the

m xi ng chanber 1 has a cylindrical portion and a 20
WOE§iNg portion. Alternative shapes of the nf&E/PE2003/000529
chanmber 1 will be described in further detail bel ow.

The chanber part 9 contains one or nore gas inlet

channels 5. In the enbodi nent shown, there is one gas

inlet 5 extending substantially tangentially with 25
respect to the inner wall of th&2chanber part 9.

Toget her, the chanber part 9 and the insert 10 forma

uni t ,stieamngaat o3t hef botheomddEk sydtenPiThile (Fhamber 1.
an a ¢ dhing-t 0 r rdi Cquid
oo Roaars PR Ca s B AU AR S OeRY, e Liquid
30 ofsgsisehyfrepl abengasoryspant SndrHeo t 902pi bes gae plenum

sealed _and he ogether by a kall al | O-ring

3 TN 1A STE ERE Y0 B AT, EeRERp kS |
swig | - nmi ximg:ledafdel odihg pnthet tparatien tffe thewnaazle will
2005/.061119_PCT/ 3/ 000929 12 stream.f.ace h

i ok 93, SHPLARBeRnarer GRS EOT: FAPTBTATA (nETE, ghe gas
used pPeseRl chhebkirqui2d tisysigtn theomdikd ggsssydemels 13.
and to seal .the gas: pl enum_chanber 12 fromthe

sur r e nghRt nBSFREFe. CBATREY het % ofF-Powi A37 thi accelerated
oper athPHuGh tHReNOgZzLe Yhibt bg,exphabnegheTheswgasl mixing
for atom sation enters the gas_ plenum chanber é]% 1indri
t irbughamlprr aki din ghstehapRkf 81131 TaSt9M™ he® piF&furfy -1 70r -
.Cha”bgél 18h5%e%a%ﬂ:p%za%ﬁfr apgd iU 4heif@sow of gas
inlet 5, I'nto the swrl mxing 10 chanber 1 in a,
t angemtéatedi pectionl ing t Aéowy|Girid - 1galththalbEing chamber
i nner 1. The ta ial + #owg{ﬁtg hCr eateSrfial as
SW rlefl%\%‘l?ﬁiowgflfael %%?lﬁyteheﬂrﬁtgi'ng C angglg aroE%‘c‘JlQe the g
cent reupply. tAl theughitingenheabegasraddpplgnablyhémplies a
‘mxing_chanber traditio al{ﬁ_ i e | ar ie & to
_.di%e?%?g%f_ "Gt ohi s3ti o Meng.% E;“ia"%g%t%él- channel s ue' °.
or pighagnexseddi pdpiadi axtarehntderadbal sGxrom the atomisa-
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
ingert 10 through the bores 6a via the circular
channel 6b to the liquid inlets in the form of the
axially extending channels 6c placed in the periphery
of the disk 23 introducing the liquid in the  swirl-

25 mixing.chamber 1.

The direction of the ligquid inlets can be parallel
to the centre axis as indicated in the embodiment of
Figs. 1 and 2, oxr 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




tion nozzle, the present design mnimses the nozzle

diameter. The liquid is distributed fromthe centra
WORBIMO61UY 20 in the bottom part 7 and the centPGI/DEH08/000929

in the insert 10 through the bores 6a via the

circular channel 6b to the liquid inlets in the form

of the axially extending channels 6¢c placed in the

periphery of the disk 23 introducing the liquid in

the-swirl- 25 mixing. chanber13. The direction of the

liquid |nIets can be parallel _to the centre axis as

i ndPU& el Pn E P eodp mentl igrar ik bPl”&ncBJQtEI@fﬁlng from

I ng¢hienet; a3 gs hovm, 1 & F'cgﬁan?’le cdi & the, | g)%'t‘é)rrf?l ?f the

swrling nmtion. In the ternatlve 30 enbodi nment
“Flﬁlx}nﬂxﬁh%m%$ﬁ1ﬂaroﬁohavauﬁhamﬁqwm ahatngeosular gap,

fu r ndi rts_i-n_Fi an are
egg%ggﬂb #ﬁgsgﬁggre}ggggge %ﬁneralgg%form %ﬁ%m’h ghen
@e@ntamiag UhsxbOEtmmlbﬁutHe|EWErE naring 20ambes1119

PCT/ OK2 00 t he .f n1of a cylindrica

bor e ex%glngaf ng(;;é rorﬁm:{ hgz\{'ﬁ qivd m}%ﬁn%h % tho the

t héiqmitioniaf eﬁt&-aﬂned ngncl‘a:&laébegaé. safceh&tveeﬂ&&:fxﬁl_f; MErom
n annul ar . gap, triputi id as a ,

B PP mEraRge L s Bont SFengdafa LGEdom B xthge  swirls

SwarbunidXitlge Cbéﬁ’ﬁ@é BABh £nbafl RGN SiMdd -tThXbgh the

chanber 1 the liquid is entrained in_the gas stream

IRnERPVRIESm RAE R Hanrere 5. SWwhel gasxingui ghamber 1

M XeHEEn§WM koS tQQOUQQIEBQnﬁﬁﬂbreagﬂgﬁ 22289 thyough the
accel erates through the 10 conver gent gortlon ﬁ

SWRRIUARE ngPehb@ber 41 |Wasiag tbeth@aﬂﬂﬁlﬁukﬂngmlxture
atg@?@bﬁ&%stQEQHthﬂQenoéaﬂgl dﬁ@gﬁ? éee%ggdiment

gas-Tiquid m xture separaies-fromtHe nozz
gedhevny. the tm@n@mmpmnsmmngt)h@rse:ﬁw atéminre body
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The convergent portion 2b 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. 2b)

gnding in a point, the form defined by rotating e.q.

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 cylindricélupart of the centfembody can be excluded;

" the convergent part  then extends to the chamber
- bottom 3. |

The function of the centre body 2 is to stabilise




The convergent portion 2b of the centre body can have
different forns as shown in Fig. 4. The formcan _be a
WONEO§HARr e (Fig. 4a), a bullet shape (Fig. 4BT/DK2005/000929
ending in a point, the formdefined by rotating e.g.

20 a circle arch or parable around the axis of

symmetry, or have the formof an ellipsoid (Fig. 4c)

or sinply a cone (Fig. 4d). To fix the point of
separation, the end point of ¥he centre body 2 can be
nodi fied (Fig. 4e) to have a plane_front end or. a

Gonthr SSHGTT iR 251 Pt ABG. GF ST UaaEBF GO i, 2Emos-
or gnepanislon of1o@delh NEngas the eQmniedrt he byacfiiming out
folTow ng the separation point [ nout

Fig. 4f). Th : )
A A P

abot\fﬁé%r}%db.cﬁ%m@;r&ﬂ& foras iteldoW tRgtation of the
cylindrical part. The 30 cylindrical part of the
cenensubsdy @unlee exchayely erREldS FgRnbSFartt thehdrse

ext 0 e bat t gk T, Cté 8t sthes 1
cen?ggﬁgﬁédy&ggpégtg gbs%% i % S %RZO%%%%%H%QS s=EErons
- PCT&DE2003H300D28g42 thenewer| iimy fdowaallpr dferfthe hgense

surroundi ng_at nos- phere_from W | t h ' th
BT T ERBOOURoE | R 0B ectif o i icin THENSRAT the
swi betogrf love BEdoider andegeentaes bbdpugidat ee teact and
inner limtation of the 5.annul.ar .outlet 4 thereby
JeQIaB{l?FS hé‘ttl?gblscﬂ‘ léltloa% € (ﬁﬁqpéte%oéi’ aneter for a

gi ven owhkebuenessseeld eralticlda.arle tangee adjusted in
di aneter is favourable jn the sense of m xing-air a
gasthehdepigawatadte o8y, Wnd;é'fq eFE‘laneaﬁ%?]i ¢ ré}:% ot
gasg ke cbheyght,dgy, react and 10 thereby atomi se into

fine droplets. Thé outlet_cross sectjional area can he

adj ust eddinstime des gpubhatedapy £xPERUERY FRELE AP0y 2
‘ %%?%gno%%ﬁ%?gm%%ghég AphiberAdh Ustd Narigea-1ad elheap 4 low
specific gés'cggsumption is to be obtained. Adjusting
the gap also controls the pressure in the swirl-
mixing chamber for a given gas and liquid flow rate
and is 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
liguid.
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




15 and swirl-m xing chanber 1 is inportant when a | ow
specific gas consunption is to be obtai ned. Adjusting
wo pepsenial so controls the pressure in the sw rAGI/DK2003/000929
m xi ng chanber for a given gas and liquid flowrate
and is thereby a precondition for obtaining the 20
doubl e sonic junp in the TFEN. Adjustnent of the gap is
preferably done in the design phase of a series of
nozzl e sizes adapted to speciflsc rates of gas and
liquid. A point of separation of the gas-liquid
‘m xiar enhenc2® flgmnéhen tangwemak pedy nlbsert gnlats 5
roupde ead, . ich_i.s t iling e ) nsj i
thegngﬁﬂaf%gﬁgﬂbAﬁﬁEFPngﬁﬁﬁggééegdragggh %%in%gféﬁggmore
' essadtantagéonst hes f thet idisiofibheionzze. 1Theigoi ettering
shoul d - preferabl.y be found outsi.de the zzlle, i.n, the
onthS R A ceh Rl T & RIS ahBeqdriAR pytets
theisceatreathody, a i Bhenseeigurd Ihvhi $isribetedparatiioh £ilm
circle mﬁlh not Lntgﬁfe t with the nozzle,gﬁgnetry.,
ThefQRFF| FRE B2SIA Gif | ritthc ST T2 TR Png L driiigum of
200554064149215 BEhLDKZ893hQ00929 is enhanced by the

tangential gas inlet. or inlets 5 to the swirl mxing
chanberThe GREAVEEILLSt FEiHdrBixiBgartaglnss & camdiave the

i st butbon ofolddUighRpt eabngrible sfhrledi BM0 For the
chanber 1 through the liquid inlefs 5 14. Creating a

10ﬂ¢entq®hlﬁyrmi§hﬁkﬁpQw @quP@'ﬁﬂgﬁef©¢ﬂ§tfhéﬁiﬂﬁ%ﬁ 40
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haveh¢ heurrounding atmosphere, can have different angles

from 90 to 45° with the axis of the nozzle or be

formed as a diverging outlet following the coﬁvergent

15 chamber +to foxm a convergent-divergent anzle to -

 obtain supersonic speed in the outlet.

Proper design of the gas inlet 5 and gas-liquid

- outlet 4 cross sectional areas gives the possibility

of having sonic wvelocity both in the gas inlet and

20 the gas-liquid outlet. Tests have shown favourable

" atomisation results when these conditions are ob-

tained.

B Teat 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 volume
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 - d 10) / d_50.




principal forms shown in Figs. 5a to 5f. For the 10
conical formthe apex or top angle can be between 40
WQRSOSHA® The front end plane of the nozzle, F&d{HEp003/000929
t he surroundi ng at nosphere, can have different angles
from90 to 450 with the axis of the nozzle or be

formed as a diverging outlet follow ng the convergent

15 chanber to form a convergent-di vergent nozzle to

obt ai n supersoni c speed in thetbutl et . Proper design

of the s inlet 5 an as-liquid outlet.4 cragss

sect i onat<ar %?EgiWqT e %5%sish?ﬂ'“fr{ y=ofE Hhavi gg e the
vel dcisby het hshBwhheagasa | Mweictdreh 20 f helgassbeguifdc gas
outl et. ‘Tests have.shown favogra l e atgnizggion ”
res GPPSUMREH Ahe sl ordfitf | DRsEERE SR Linddr |2 Tadfber o
resphtisr 25rfhecerapketarii zEofi St Mdsl &N aa@MS R0 to the
wat er us- ing nitrogen as gas was neasured using | aser

d? f FPYERtEivh. Fhe %ﬁ&ﬁi SfakE z7W&SareP ekpr R¥edRRE T Rt tap

vol yaeerRereentage B deepl elipadaviRg RodbRBRILRICdRSShy to
than a certain value. E.g. d 50 neans the dianeter

r ealihgn BoveHel gr aphbcal PrETEntAlbhy Wewes soosetfic gas
t he : I Y ' ss: than d-50.
Thecéggﬁﬁ§§ﬁ?%§ggﬁpﬁ%&ﬁﬁ#ﬁé%F%%@§F%f¢?%£§i%%E?g_ The
definition used is span = (d_90 - d-10) / d-50.

PCTI DK2003/ 000929 16 The test results are shown in
fig. 6 where the d-50 is shown as a function of the
specific gas consunption, ::the "gas to feed, ratio
for a nunber of prior art nozzles and for a nozzle
according to the 5 invention. The feed rate was 50 kg
per hour of tap water. It may be seen that the nozzle
according to the invention has a significantly |ower
specific gas consunption for a given nean particle

si ze. . : : : :




WD 2005/ 061119 PCT/ DK2003/ 000929 17 Clains 1. A

nozzle for atomsing a liquid by neans of a gas,
waaoempraesilag a m xi ng chanmber (1) extendi ng betpeoTanKA03/000929

upstreamend (3a) and a downstreamend, at 5 | east one

liquid inlet (6¢c) and at | east one tangen- tial gas

inlet (5 to said m xing chanber, and an outlet (4)

positioned at the downstreamend of said nmixing

chamber ( 1) , char actlri zedin that a

centre body (2) having a generally converging 10

con ion, seen in the flowdirection, is pro-

vided it L Xi 1) d . saj
cast one 119 S0 BEPri Pl LA 4PbE, Hompe of 2
t heg@sst r camments{Ba) af wHixing Xi agambanber(1()1) emxdending
in tream direction with respect to said at - 15 :
| cabP it P Tty Yo’ 1301 25R8 5 Briirdtim, o, ac
ch ?ﬂ.egs,t \mmrl belnthe inbetze{ehody%r(cﬂ)aﬁonaaisﬁes:maa tangen-
cyl pLndri cal _bas ortion 2a) .,and a convergi ng

por tion (295. 1§1eie% n&%gl ézoacé%ll i (¥ Any* %fr and an
cl abmeiktt o(9), padBiwvhenstin dtherdowashipapnd ehdsad said

centre.body (2) . is positioned outside the outlet (4) _
MW%W&ﬁ&ﬁ@A%zm%&&ﬁ®Q§®fﬁéﬁd in

clatABtl d CcdhtrdBH&,N (Bhe HEWIRY £haaberall), converging
rises a cylindri-"cal portion and™a convefgi ng

coO

Tor ePBhiovaRgian. | esran 28nonkhgastiaw edigsrtisimg is pro-
proyided ifnt E%ecyrhif';ﬂ:?éc%lharrﬁ)%rf[ 100y 5.2 NQEZLe caig ot
according to any one of” cl ai ns to 4, erein sard

m xt fgsEhamserl iid siptevi déd) i is padnberegant ) .near

ahey 37 PR Bl rat ol 5T B TR or T par G =nd
an inserlte (1@Pstream direction with respect to said at
- 15 least one gas inlet (5).
o 2. A nozzle as claimed in claim 1, mm5rein'£he
centre body (2) comprises a cylindrical base portion
(2a) and a converging portion (2b).
3. A nozzle according to aﬂy one of claims 1 to 2,
20 wherein the downstream end of said centre body (2) is
positioned outgide 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 nbézle according to any ohé 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-




7. A nozzle according to claim®6, wherein the in WO
2005/ 061119 PCT/ DK2003/ 000929 18 sert (10) conprises
W2085/8K1Porti on (23) positioned at the upstreXfl@g0gy000922

the centre body (2), said disk portion (23)' formng

at its downstreamface (3) the wupstreamend of said

m xi ng chanber (1). 5 8. A nozzle according to claim®é

or 7, wherein said insert (10) at its upstreamend is
connected with a bottom part1f7), which in turnis

connected with a cap part_(8), said ch r _part .(9

bei FRFC pba Pl i EREBTHSER i+ S ap© baPE ?g? ?aﬁg’silﬁflgn)‘id at
conect L LA dhasaiid tRserderdthd . b8ayA (29zz] gaid disk
according to any one of clains 1 to 8, _mhere]n_ong the -
gaspPwtben (5P3)s IRBVIRRd Atanyeht FRMPFTERRIN akpeds) the
to. ] F oGl r Sk ange MipdAg 1ychanber (1).
151%€§t%§%§2§ g ggg%?%?ng'ﬁgggzgﬁghe ochﬁains lto )
& wher®i nAsahozzhat BEWTHIND) TPs Wit BDIXF | At fEeTeLn
axial; gl reckdan. (1b) Agetiiod Qb ALAMS! Bhad 14 dWidhditred
means of "a~ gas in nozzl'e accdrding to any one of

cl airhtsh 1 at dboR0oth 0 patter é7h, t hdiiattealnf tuwel ghp connected

defi ned between the. in perlpher e l e A o4
and”%ﬁ% GEnfrE bBaYt (ggffs %ﬁ%#gneélaﬁ%hapggg tof )be?ng
pr ess¢if €1 6hedewishihhatiidvacas opect | (Apsandkén magection
durin ogerstlon, a first junp taking place when the
Ifhs BN eF 318 hERSRT&i 140258 chanber (1), and a second
j umlo when A?ﬁc):;ﬂ@?g' é%db@‘dr:i{ﬂfdgxﬁzw aﬂgeaa\tms otEhrcﬂl_fgflmlstlrﬂe to 8,
outl et gap . . A nethod, according tp. claiim .
whefReFesai PigreBRsd 1R1ebr gfér aﬁSdrEQgﬂﬁ%d%%r gyngentially
coafi 99, r2EPLRRRLY HHOM RheBPERYcGRBEKBHce30f the mixing
chamber (1).

15 - - 10. A nozzle according to any one-of claims 1 to-

9, wherein said centre body (2) is adjustable in the
axial direction.
11. A method of atomising a liguid 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 djumps takes place during operation, a first
. . 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.
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