WD 2005/ 061119 PCT/ DK2003/000929 1 Title of the

i nvention Nozzle for atomsing a |iquid by neans of a
gas and nethod of atomising. 5 Field of the invention
The present invention relates to a nozzle for
atomsing a liquid by nmeans of a gas, conprising a
W28 1 ¥hanber ext endi ng between an upst rREAMESH MR
a downstream end, at least one liquid inlet and at 10
| east one tangential gas inlet to said m xing cham
ber, and an outlet positioned at the downstream end
of said m xing chanber. The, i nvention furthernore
relates to a nmethod of atomsing a liquid by neans of

a gastlel BrBagkoi-pRadi@f the invention Such nozzles,
whi'ch are usuarty denoted two-fluid nozzles (TFN) |,

are i, do%giedtebr 2EAWAI8Et ot iEF1A bY | HeawP i 9 sHrIge

dr yamy opland sondomisfdgl d bed 20 aggl omerati on.

Li quids can be in the formof solu- tions, dispersion
or pure substances. In particular, two-fluid nozzles
a¥ eFigled ofhelne iatventsemg a fluid, where fine droplets
is the.phjec- _tive. ere i.tional atom satio
ener gy T?l% te%éa Sggyf 5?15{13%\¢]la o%g%iltnegs g%% ias.norzezglﬁ red to
br ettiemigingf buildquidit by dmephet ¢f Fheami xcogpoisidge a
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nozzle itself, so-called” i1nternal mXing, or outside
t he® nePsdrean| epd, sat 3eavtal prel biawidhainksitxiang awth

BxtefaREl dieXitRdgdiMNall Rl HeeeeXpaNshed AfxiidecoEs
hasbthe di sadvant age of being partly lost to
er, and an outlet positioned at the downstream end

of said mixing chamber. The invention furthermore
relates to a method of atomising a liquid 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
liguid in spray drying plants and in fluid bed

20 agglomeration. Liquids can be in the form of solu-
tions, dispergsion 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 itgelf, 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



t he surroundi ng i nstead of adding energy to break up
WO 2005/ 061119 PCT/ DK2003/ 000929 2 the Iiquid.
Internal m xing TFN has the advantage, conpared to
external mxing TFN;-to m x gas and |iquid before the
two fluids enter the surrounding atnosphere through 5

WO 1%t . Criterions for eval uating thePGIENRHBREAC
of a two-fluid nozzle are: the mean droplet size, the
span of the droplet size distribution and not | east
the specific gas consunption, neaning the anount of
gas 10 used to atom se a giyen anmount of |iquid, also
called the gas-to-feed ratio. Atom sing finer
drophetsigiilsh a certain two-fluid nozzle neans in
general_ hi gher specific gas consunp- tion. The

speci f i tGaBaL IRSHREt THR A FB: Jdfantagse TS RATEIsEge

. of exeddali 6hiRedz! BN, kB @eneal andalligsid elmeen the
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and_2 (two, gas-rate ynits to o t) are
oclive R BLPE o i | Sredutfing ot Siegpiinre dieoud
nkt tlogemtleat bon di oxi de, or any other suitable gas.
20 The e S i.de the droplet size
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contact and m xing of gas and liquid'is where TFN
meett FEFF tP et gFFb?ls. Ext ernal mi xi ng TFN, where

t he gaatbypsirad |Hink-X@sop 3 aWkiti Bht hecki-ertirg Bid-€luid

| eavi ng the_nozzle thro%g
nez e means 1n genera

%i%her gpecific gas consump-
tion. The specific gas consumption varies with type

15 and size of two-fluid nozzle. In general, ratios-
between 1 and 2 (tﬁo gés—rate‘units to one feed-rate
unit) are used. Rate is mass pr. time. The gas may be
alr, 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 1s generally disadvantageous.

The span, evaluated as (d90 - di10} / 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 restrictions.
External mixing TFN, where the gas typically mixes

‘30 with the liquid after leaving the nozzle through a
fing—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-



ri ng-shaped aperture, neets the limtation when the
gap in the gas exit becones so |arge that a | arger
part of the gas is lost into the surroundi ng at nos WO
2005/ 061119 PCT/ DK2003/ 000929 3 phere, instead of
reacting with the liquid. Atom sation into fine
WA fol l ows when the liquid is sprcaMKaN3aH924
film acting with the atonisation gas at high
relative velocity to form 5 droplets. Internal mxing
nozzl es give the possibility of an efficient
liquid-gas reaction, but is limted in capacity by
i nt ernal channelllng and channel dinen- sions. 10

| nt.grnal E%Eéaél"bft Q@a@@fr@ %uhnéf@ciq&u&@r i mprov- ing

the gas-Iiquid mxing, di sturb the flow, causing
t he spﬁoﬁlﬁsﬁwrﬂrbﬁ}%tf@ez SrPpdeER hEPL BRI ovhan dde

I nteiqiald past sspwaaaer@@w:alascoaplﬂlqalt,e dwnabi REth the
cl e ni n% and causes wear . ddi ti on _of at omi s%ol on.
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s cdegsSetien general causing a delay in the reactl on

fol |l ow s of n l. t he
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I nsi s supply pipe a air pipe an a
guﬁeIliCW@ deV| ce is provided. The guiding device

igpar t §ndehaogntkal s def-eabi one Oflni:gﬁdegﬁ%orzﬁnﬂ_ﬁﬁr—
liquid |s supplled in a pipe extending radiall

outiidet®he 9§35 HpE THETe ormteCei &t rgvﬁheabﬂé’w'
nozzh@ibhethkoBbah NGE GRS drdpIePptind diangepdd@d Yol n

a S%’.Q.s%ra etg Qal parts in general complicate handling,
cleaning and causes wear.

15 Addition of atomisation gas influences the spfay
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 patent No. 2,612,405 discloses a nozzle 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 isg provided. The guiding

- device imparts a tangential deflection of the gas.

25 The 1liguid is supplied in a 'pip.e 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



whi ch contributes to the radial dinensions of the 30
nozzl e. Furthernore, the m xing chanber of this prior
nozzl e conpri ses edges and obstructions resulting
fron1structura| conditions. International published
l'i cation No. WD WD 2005/061119 PCT/ DK2003/ 000929 4
W@G B5891¥ di scl oses a sprayer in the for miSH/DE2H009928
having a tangential gas inlet to the m xing chanber
and lateral liquid inlets. This nozzle suffers from
insufficient mxing due to the geonetry of the 5
nozzl e. Summary of the |nvqpt|on Wth this background
it is an object of the present invention to inprove a

Nozgh L5etf14KiandoBies 10 shir-@ped i tHee fobhr QUL ThOMLIW T h
respect to the specific gas consunption, which is

neck¥EAnsy & ntaélrgﬁﬁFla]t FHF oRIEE £ dheam*dadrafrterean
dr opht 15tz aﬁqulw lﬂl@;§t atrB=0fnczRBe Akt S2aN ffont he-
dro Iegﬁglze r In.a.first Qgct gf t he |nvent+€ thls‘
obj BT 188" @ hHT 5 1b%z of B¢ heI S RE Frerith ok
thenoarleo- duction, which is furthernore characterlzed
inthat a centre body having a generally convergi ng
conflgura tlon seen inthe flowdirection, is

g sitgnchanber, and that said at
| east I| |d | osLtigne or ,pe t he
upstrez@%@gndﬁ%s %g:l gggaﬁ?n%ﬂghgﬁbggl aﬁbajaﬁltCt %@ he
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proven ossible to obtain a, npore efficient
at doth &tfgiingaﬁ (FORSEMpkOTy Which %E HSFEPERYY t}fp order
praﬁuq@ndmadefafu@ﬁtqﬁﬂﬂdemah@éd|nmampwa¢pdéw|gmye, and
appli.catio e e b Si the Liquid feed
Wi t\lhlt%. Verga owlfcg}ﬁ% % 8P¥n oag %[He let size.

In a first aspect of the invention, this cbkiject is

15 met by a nozzle of the kind mentioned in the intro--
éiuction; which is furthermore characterized in that a
centre body having a génerally converging configura-
tion, seen in the flow direction, is provided in the
mixing chamber, and that said at least one liguid

20 inlet is positioned at or near the upstream end of
sald 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 efficlent atomisation. In

- 25 the prior art nozzles, the production of fine parti-
cles in spray drying applications takes place by
atomising the liquid feed with a wvery low content of
golid 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



solid material. Wth the nozzle according to the
i nvention, higher solids content in the liquid will 30
be permtted for production of a specified | ow nean
particle size, thereby raising the production capac-
for an atom sing device. However, the nozzle
WQ@'HW@QW to the invention is al so advantB{gauiesagee
WO 2005/061119 PCT/ DK2003/ 000929 5 atomi sing feeds
having a | ow solids content. Further, the |arge
l'iquid capacities, which follows fromthe |ow
specific gas consunption, ngkes it possible to be
used in plants with |arger capacity. In addition, a 5
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downstream end of said centre body is positioned
outaidleis helsat lusefvi the thwzzirterfals 2@F0priowi dese

fore}&tm\fﬁu 'qgfi ngguf)a‘%lt%tflﬁé Sgpar @B&Pﬂaéguticals for
15 inhalation and/or manufacturing of active pharmaceuf
tical ingredients (API). ‘ | ' -
In a structurally simple development of the
preferred embodiment, which furthermoxre makeg it
possible to obtain a wmixing poxtion 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-
Lion 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 sgpeed at the outlet of the nozzle, typi-



the gas-liquid mxture flow fromthe nozzle. The

m xi ng chanber nmay conprise a cylindrical por- tion
and a converging portion, said at |east one gas inlet
bei ng provided in the cylindrical portion. The 30

converﬁent part of the swirl mxing chamber has the
® of accelerating the gas-liquid nGHRK2M39390
is maxi mum speed at the outlet of the nozzle, typi WO
2005/ 061119 PCT/ DK2003/000929 6 cally the speed of
sound. Here, at the outlet, the final, well-defined
fine atom sation takes placg. Preferably, the m xing
chanber is provided in a chanber part. This design
makesliy tjosssdes taf obduaidn I-fex\earia:tus-,lﬁahaﬁﬁ&eﬁf the
ch r yb eone of the
chaf r:L pgr f ﬁléfl%d & %‘? rae %I‘gn est R% %ent re
body - fé\iﬁﬁer@bllirfnt@ga' ahixgiact Qh‘arr@ﬁrl nseptrovifed in a

pr oy 485 ggr@a%lmgzgﬁwg]sesa@dc %gﬁggﬂ% tg:h h8in

nozzle. Furthernore hi s desi gn at there
i3 YRFioNEd FBRPetpofporhs fBixing chamber bauiyoily t he

out<¥#tyingnehé c&@%rylmtﬂlﬁs %hé&&aléﬁ ;r@s thus pass
unobstructed through the outlet. devel opmsnt of
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ce Q sai i s ortion., form
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connect eggr %Cetnggtet %cr?n arl}? tﬂﬁw% EE I tuIH %ﬁe i
corﬂﬁ&elﬂédmwwr% mayahparpass ainpbshandiesd p‘éTrpubhl ige
posddiieped within said cap part and in connection

wWth said insert. The gartlcul arly sinple design,
whi ch 5PI%ME$VF6PP@%§@ this preferred embodiment, the

15 insert compriges a disk -portion p081t10ned at the..
- upstream end of the centre body, .said disk portlon
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
said 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. |



25 assenbly and disnmounting, 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 smal
and | arge sizes. 30 It has proven particularly
Wads¢TA0eous to provide only one gas i nIPSE/DEIFAEIAg
tangentially with respect to the inner circunference
of the m xing chanber. WO 2005/061119
PCT/ DK2003/ 000929 7 In an enbodi nent, which is
particul arly advant a- geous Mﬁth respect to design,
the centre body is adjusta% in the axia
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15 atom si nmeans 0O as’i s provi
i n chiier tdea dioxa %fsnmfgapndéﬂméde bedivegrdt fe a

b BNE&xt QN gagewng%f Lhe Putd &t waNds the CeRbherdosy. i s

desj gned and pressure chosen so that two sonic
j unpeE-akes &aéfcealcﬁ?u% speFtliconto aafivsl phapdag
akn@;gzlxélsaca yhenitie: gasweRbebbtdHe gl % RErs hashes,

and_a se: ogﬁl Jun%[lmgen fhe gas-liquid m xture | eaves
t hr 9fgh “Che*otd gpStze-
. In a second aspect of the invention, a method of
15 atomising a liquid by means of a gas is provided, in
which the area of the gap defined between the immer
periphery of the outlet and the centre body is
designed and a gas pressure chosen so that twb sonic
jumps takes place during operation, a first Jump
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 (congeallng) method where it is essen-
25 tial that the liquid feed is kept warm all through
' Ithe 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 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.



Beyond spray drying, the nmethod may al so be a spray
cooling (congealing) nethod where it is essen- 25 tia
that the liquid feed is kept warmall through the
interior of the atom sing nozzle. As the gas for
atom sation is introduced downstream of the |iquid,
WORESAEE%gas surrounds the mixi ng chanber RGI/MK3§03/000929
pl enum chanber, and the risk of solidification inside
30 the nozzle is mnimsed. Al so nore expensive
systenms " of heating e.g. by neans of hot oil can be
avoi ded. Spray cooling nay be used for e.g. waxes and
waxy. solids such as e. %cherol esters of fatty
aci da. @2005/ 051449, PCTLDKPRN31900929 8ol SEAMD ©
is spray cooling of wax resulting in particles~having
. d_5papflides payirmdl §090f <« BOupmarshd. 9hawngpa, Saplah
of may, al vant a
useggﬁgg% gg?d%%ratl f%x % fF@gdgézéﬂ% ney Smy
aggRoOTETROPEHRS 1% pragd ef@éit ag@lcfrr@p:aélql, coat.| ﬁ@up@lbed
| S! SgoARALE0r BB Lb&IEg | Rod NE ¢ O LON b@&_
i nvention be descri bed |n further eta
nea %‘%ftéﬁﬁ%ﬁﬁdﬂiﬁ@ﬁ% Li¥eémeof and the appended
drawi ngs. the Bolebwites AhiePtinoBnifort RE 14" 8 RESFihg 1
S a s ctlonal é ¥/ﬁf a nozzle in an em bodi nent of
t he™br B&HET 16 oY BFS 2Pf Ay §TRAEIBERt vBheraaf,
on and ahgeapmaieel drdbimfs.t he insert of the nozzle of
f49. 1, Fig. 3 is a perspective view corresponding to
Fig. 2 of the insert in another enbodi nent of the
noZBtiel deseriditignt of tiie dnweitgson, Figs. 4a to 4f are
schemiichg, vi eye 4 | LdistibAli NP Q:dlf LBLEN SAReSOf

the centre bod the nozz
bodiment of the present 1nvention,

Fig. 2 is a perspective view, on a larger scale,
15 of the insert of the nozzle of Fig. 1,
: Fig. 3 is a perspective view cefresponding 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. S5a to 5f are schematic views illustrating
different shapes of the mixing chamber of the nozzle
according to the 1nventlon, and

25 Fig. 6 is a graph show1ng curves of d 50 as a
function of specific gas consumptxon 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 componeﬁts of

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



according to the invention, Figs. 5a to 5f are
schematic views illustrating different shapes of the
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
WEI2B81 8  nozzl es. Description of pref erRGIDK2003/000929
enmbodi nents 30 In the enbodi mrent of the two-fluid
nozzle shown in a sectional viewin Fig. 1, the main
conponents of the nozzle conprise a bottompart 7, a
cap part 8, a WO 2005/061119 PCT/ DK2003/ 000929 9
chanber part 9 and an insert 10 with a centre body 2.
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10 rtethe boiftom part 7. The bottompart 7 is at
egﬁ‘g% g5 ERd %{: ?’ﬁeg 7 1% 3 §hecsRfRRT e e 6ngs

n@zqf. et;lheam:a@ tpevitn @, atheedﬁtarn&ierl paut do sappl dhe liRiskhe
errbp@llc{%;&% 1§ho %Olg@ ]_1th5| d supply pipe 25 is
e ot fon

attach into t part 7 by nmeans of a thread
(not sH&EnbohRtawt BRTY 7 bt oata Centumdtreame ehd bA th@

botdomrars 4. Bhhofed! LY. aﬁng ﬁea%%%' Y B

provi ded, The bottom part r mor e conngct ed
wi tFHFadx tidaHAR EuBRlYS, Irist]wm erbadigenheshaint h tﬂme
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|s tra rred froman inlet _(not shown) er

f
%?tan; BfightePs £3 thé”ﬁt”‘@ndpﬁb ﬁﬁPYﬂHant ﬁ’ét%@f)t om
parJtntZ) aAtcethaIi OMde St a@mtaedb@&érm &Nty abphose
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7 is furthermore connected with an external tube 28,
15 Wthh together with the- liquid supply plpe 25 forms a
space in which the gas is. transferred from an inlet
(not shown) to a number of axial gas chanmmels 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 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 ig 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 ig
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
with respect to the first shoul der portion 7a. The
first and second shoul der portions 7a, 7b acconmodate
25 the upstreamend of the insert 10 and partly of the

WERHRBE I Ypart 9 in a manner that will be REIDKRWEHN92H
further detail in the following. On the radia
outwards side, the bottompart 7 is connected with
the cap part 8 by neans of a thread and an O-ring 30
seal 30. The insert 10 has gn upstream end 10a which
is accomobdated in the boﬁton1part 7 and abuts
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e -15 space between the .downstream face 3, the centre 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
hag a generally converging shape seen in the direc-
tion of flow, and comprises a cylindrical portion 2a

25 and a convérging- 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

o number of radially extending bores 6a are provided.
In the embodiment shown, two bores 6a are provided,

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



tionally symmetrical in the mxing chanber 1, extend
20 ing froman upstreamor bottomend forned by the
downstream face 3 to the outlet 4 or out through the
outlet. In the enbodi rent shown, the centre body 2
has a generally convergi ng shape seen in the direc-
WORMEOE119f | ow, and conprises a cylindri calPCHOKRUOHNIRY
25 and a converging. portion 2b (cf. Fig. 2).
Alternative shapes of the centre body 2 will be
described in further detail be|OML A central bore
(not shown) in the insert &g coaxial with the
central bore 14 in the bottompart 30 7. At the

dovast &eRmMyePe-&f dahgrseﬂﬁffﬂuﬂaoesmm&h£%§%98£ QI?F an

radi al | extendlng hores Ga are provid
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PCT/ 003/000929 11 ex ing bores 6a are in fluid
nﬂ%{f*@g PBRE Wi t FP&nthy &ﬂﬁ ERANTE “6b CPBPFERRS 2

bet et loE agmnqr &Btﬁend:lfﬁg' GredesSie POorHicBNeoddr i t ke
and_t n of. the. chanber t 9. _The thlrd
di sk porbflgiEégaco RIS 5 unﬁ§F£%§19§klgF?
extamdilag rdgesslkessmhtchtoendvvtaitreanaxnakl ¢ @ﬁtemélng
channel e gofr t a

e st P hanraae a7er I M 00 RE SNEI RN
and*h3PSTt & the swirl-nixing chanber 1. 10 The

thanmbernpathafbds fR% td O&edp&soi@ibﬂéayc%ﬁhu@em%ﬁt
to the insert 10 and the cap part 8. The outér wal

of TH®eCharBerthsariisertt ddet ek Wet he#heParhsfde T\Rﬁl I
of dhercaplpast Bhef&ﬁaﬁﬁoe& %&tpbenuageatarrhﬁ&hl%heThe
i nteri.ar of he _c nber part . 9 is 15 rotationa
syrrrf%gt:a] %gam?ffr ®c 5R%t FPated, tf%rgs <‘:”yIglaﬁdrQn‘]r;‘*é‘l‘“lXl
pordhambeandZa ﬁ@mvnﬁguﬁgrpofttb@ chaotest part 9 is a
15 rotationally symmetric geometry, constituted 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 c¢ylindrical 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 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-



to the outlet 4. In conbination wth the shape of the
centre body 2, this geonetry results in that the

m xi ng chanmber 1 has a cylindrical portion and a 20
converging portion. Alternative shapes of the m xing
chanber 1 wl| be described in further detail bel ow.
WORMSEHAWher part 9 contains one or nore FES/MKI08P00929
channels S. In the enbodi nent shown, there is one gas
inlet 5 extending substantially tangentially with 25
respect to the.inner wall of the chanber part 9.

Toget her, the chanber part 9 and the insert 10 forma
unit, flttlng into the bottJ&ncap system This gives
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%Xigl%e(:h%ngertetrraglf“&]al ¥om{g3atlon anozzle due to
channels or plpa.ng extending radial from the atomlsa—
tion nozzle, the present design minimises the nozzle
diameter.

The liquid is distributed from the central bore 14

20 in the bottom paxrt 7 and the central bore in the
ingext 10 through the bores 6a wvia the circular
channel sb to the liquid inlets in the form of the
axially extending channels 6¢ placed in the periphery
of the disk 23 introducing the liguid 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, ag shown in Fig. 3 to
give the liquid a swirling wotion. 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 ligquid inlets can



15 large dianeter of ' the atom sation nozzle due to
channel s or piping extending radial fromthe atom sa-
tion nozzle, the present design mnimses the nozzle
dianeter. The liquid is distributed fromthe centra
bore 14 20 in the bottompart 7 and the central bore
WOR0SHEI% nsert 10 through the bores 6a viRCTIIRG003/000929
circular channel 6b to the liquid inlets in the form
of the axially extending channels Gc placed in the
peri phery of the disk 23 introducing the liquid in
the swirl- 25 m xing. chanmber 1. The direction of the
liquid inlets can be parall% to the centre axis as
i ndi ednLn [ [ 1 gn? 2 1 OF;
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gasshdwayi dhei xépseation point (ring) on the centre body
15 2 can be found outside the chamber outlet.

The cbnvérgent: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. 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_fofmed of curved or conical form, or a channel for
‘adding gas to control the wvacuum following the
‘geparation 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



separates fromthe nozzle geonetry. In the enbodi nent
shown, the separation point (ring) on the centre body
15 2 can be found outside the chanber outlet. The
convergent portion 2b of the centre body can have
different forms as shown in Fig. 4. The formcan be a
WRIPBOedWere (Fig. 4a), a bullet shape (FiR§I/DKR(03/000929
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 6f the centre body 2 can be
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the inner limtation of the nnul ar outlet 4 thereby
enabl i fget Aetifle BPsg Jestdenabpnss: candferedd upbrd dn
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dlqﬁyter hs favourable in the sense of mxing air and
gas-POTREMEP B the gap, the better the liquid and
gas aradjneuiiy the roeatét agup 4dtheeabyeatoniisely ot o

{érghé”é%ﬁéﬂﬁ%lxlng chamber 1 is important when a low
spec1flc gas consumption is to be obtained. Adjustlng
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 Jjump 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 rdunded 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



The outlet cross sectional area can be adjusted in
t he desi gn phase, by extending the axial |ength of
the centre body. Adjusting the outlet gap 4 between
centre body 2 15 and swirl-m xing chanber 1 is
i nportant when a |l ow specific gas consunption is to
wWBaMsHe1a1%ned. Adj usting the gap al so contRACHDEK240H@00929
pressure in the swirl- mxing chanber for a given gas
and liquid flowrate and is thereby a precondition
for obtaining the 20 double sonic junp in the TFEN
Adjustnent of the gap is ﬁreferably done in the
desi gn phase of a series o nozzl e sizes adapted to
spegéf éﬁha{ﬁaée%s t9RS t@ﬂgenﬂlzﬂ.u'g% én@.gtn E‘Lnlet 5
separation of the gas-liquid mxture Is ound on
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ato sation with cﬁlc air
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havﬂaﬁnl'eﬁ as a diverging outlet following the convergent
15 chamber to form a convergent-divergent nozzle to
obtain supersonic speed in the outlet. .
Proper degign of the gag inlek 5 and gas-liguid
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.

Tegt 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 wvolume

. of droplets have diameters less than d_50.
The span expresses how wide the distribution is.
" The definition used is span = (4_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
and 1200. The front end plane of the nozzle, facing
t he surroundi ng at nosphere, can have different angles
from90 to 45 with the axis of the nozzle or be
WOAROEIES a di verging outlet follow ng t RCTASRMSOEIN
15 chanber to form a convergent-di vergent nozzle to
obt ai n supersonic speed in the outlet. Proper design
of the gas inlet 5 and gas-liquid outlet 4 cross
sectional areas gives the sibility of having sonic
velocity both in the gas inlet and 20 the gas-liquid

outl et . THestssthaveusbeowarbawauiablia ALOMESalH8 the
resHl%g when t hese condlélons are ob-_ fained. Test

. restttd. 5 THETUr opI Bt %ﬁ?lﬁpst?ﬁbGFFoﬁmﬁFéﬁ%%lﬁ@s
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t he vol une dropl ets have dlane er s 1 659 d-5o.
The }é?)aﬁn%l@§sé§5 haws gl itceatdy steveut smarifdc g@he
def &mdun®t b6 S S §oad, Telah BArei&helQizk d S50. VO
2005/ 061119 PCT/ DK2 03/000929 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
nozzl e according to the 5 invention. The feed rate was
50 kg per hour- of tap water. It may be seen that the
nozzl e ‘according to the invention has a significantly
| ower specific gas



consunption for a given nean particle size. 17 Cains
1. Anozzle for atomsing a liquid by neans of a gas,
conprising a mxing chanber (1) extending between an
upstream end and a domnstreag1end, 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 downstream end of said m xing
chanmber ( 1) , char acteri zedin that a

cenire body (2) having a generally converging 10
corH tion, seen in the flow direction, is pro-

vided iln thensexidgfehaabenifildg andithat B¢ thedhs of a
| east one liquid inlet (Hﬁ% is po itioned at or near
t h&3Fpst redir 5 S&i *Hg @F (1Y) ane¥ending

thegeltm&teheaahdlwgtr@émw@tﬂa respeci tdbmﬁ@lt@realen |l gagl at
%5 one gas inl et A nozzle as clained in clalm

FQQ¥?r%#q%%%t¥%l%%d§6?2)a@énﬁFl§é§s§ one tangen-

cyldirdri gak hBasetporsj oro (ga)aand AneOMMHdY), and an
portlon 62& 3. A nozzle according to any one of

cl et ¢ PoSHLHARRRi ATt He S oWPiELs At nenef ofaispid

CeRfik@nBodynbdbelkS (R9SItoged puhside the putlety(4) jn
of the nozzle. 4. A nozzle according to any one of
cl &has P teFI3ire wheddi 29 hdaiirong dra@llyl)converging

160RREIFI 8% Bt ¥hi, ndééenc% POAL T 20 o@NA-&ANVRT 91 0 pro-
portion, said at least 25 one gas Inlet (5) being

pr8ude6d im the cyixheyi chmbesrt(bn. BnAA thetz| eaid at
acqggg%n% '%@%H“ﬁﬁie§l?6gﬁ 1t §Oé1tl ggeLp %@ ear

m Xi ng ch a is provided in chanber part
30the Alnﬂfzrzﬂ@n aepdr difngsabd amypxéne cfhastairms(1) t@na in

whegel RJhe LM IS LD 2): £197 PBs A0 L NEEILEL gPart Qast

15 one gas inlet (5).

2., A nozzle as claimed in claim 1, wherein 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 ingsert (10).

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



an insert (10). 7. A nozzle according to claim 6,
wherein the in 18 sert (10) conprises a disk portion
(23) positioned at the upstreamend of the centre

body (2), said disk portion (23) formng at its
downstream face (3) the upstr®amend of said m xing
chanmber (1). 5 8. A nozzle according to claim®6 or 7,
wherein said insert (10) at its upstreamend is
connected wth a bottom part (7) which in turn is
connect e with a ca par aj d chanper art

bei ¥yt p oot Sl bobnla Qurk PApCHaR L (18) B foted at
contiest u@@tré@mV\Adﬂ'ﬁ S@fdth@sejénn(ﬂé))bo@y /exzmozzﬁiaqa disk
accordln‘%rl g gp one.of claips 1.to 8, wherein one
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to ﬁ;ﬁtﬁtiéﬁjﬁferﬂ‘d UEAreRGE& iy hemBlx ng)  chamber (1).
15 10. A nozzle according_to any one of clalns lto
$  wher®i nfs&F 2dEnt 3 PoHRY 250i $1adfust aBFe 7. vherein
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nmeans of a as In a nozzle according to any one o
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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 liquid by means of a
gas 1in 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 jumps 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-licguid

- mixture leaves through the outlet gap (4).

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