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FLAT FAN SPRAY NOZZLE FIELD OF THE | NVENTION 5
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particularly to a nozzle having a spray head which produces a f.l at
fan spray pattern of uniformdistribution of liquid. 10
BACKGROUND W& oeRlikig! NVENTI ON Many |i qui dpormosssmbicoqui d

sprayi ng devices utilize
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This invention relates to an atomizing spray nozzle
and more particularly to a nozzle having a spray head which
produces a flat fan spray pattern of uniform distribution of
ligquid.

10

Many liquid or gas/liquid spraying devices utilize
a nozzle having a spray head which produces a flat fan spray
15 pattern. The most common method to produce such a spray
pattern is to dispose an elliptical or rectangular orifice at
the tip or discharge end of the spray head, as disclosed in
U.S. Patent 5,240,183 ('183 Patent). The drawback of this
method is that the spray pattern does not produce a uniform
20 distribution of liquid, especially for two-fluid or
gas/liquid spraying devices. '

A flat fan spray pattern has also been produced by
spray heads having a plurality of circular orifices linearly
25 spaced apart thereon, as disclosed in U.S. Patent 1,485,495
('495 Patent) and the '183 Patent. The spray head disclosed
i in the '495 Patent is of rectangular form, while the spray.
head 3isclosed in the 'l183 Patent is cylindrical. To produce -
the fiat fan pattern, each of the orifices is Z:iszposed aliong
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spray axi reatér 'will be the tendency to 10
produce non-uniform spray patterns.

Another drawback of the above-described spray heads
for a given orifice diameter, is that the number of spaced
linearly aligned orifices disposed on the spray head is

15 limited by the diameter or width of the spray head which, in
turn, limits the flow rate of such spray heads which is
proportional to the total cross-sectional area of the

- orifices. In addition, the limited number of orifices would
necessitate a greater angle between adjacent orifices for a

20 given spray width thereby producing a non-uniform spray

pattern. '

A further drawback of the spray head disclosed in

the '183 Patent, is that the orifices are disposed at various

25 distances from the longitudinal axis of tﬁe mixing chamber.
It has been found that in many two-phase systems, such as
gas/liquid mixing nozzles, the greatest uniformity of the
intermixing of the two phases occurs generally adjacent to
the periphery of the mixing chamber whereby the linearly

30 spaced individual orifices do not provide an overall uniform
spray pattern.

SUMMARY OF THE JINVENTTON
35 Accordingly, it is an object of the present

invention to provide a spray head for producing a flat fan
spray pattern which overcomes the drawbacks of the prior art.
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According to the present invention, an improved'
spray head on a nozzle for atomizing a liquid with a gas
includes a mixing chamber having a cylindrical inner wall and
an outer end wall that has a plurality of orifices arranged

15 circumferentially spaced about the longitudinal axis of the
mixing chamber. Each orifice is individually oriented to
project a spray jet on a target disposed a predetermined
distance from the spray head so as to project a flat fan or
approximately planar spray pattern at said target.

20

The above and other objects and advantages of this
invention will become more readily apparent when the
following description is read in conjunction with the

_ accompanying drawings.
25
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross-sectional view of a spray nozzle
embodying the present invention;
30
Fig. 2 is a front view of the spray nozzle of Fig.

Fig. 3 is a schematic view in the horizontal plane
35 (X-2) of the nozzle of Fig. 1, which illustrates the
' trajectory of a spray jet projecting from each orifice onto a
target; '



It i s-another object to provide a spray head that provi des for an

arrangenent of orifices which results in flat fan spray patterns of
greater flow rates and uniformty of the spray pattern. 5
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cross-sectional V®EFE®f a spray nozzle enbodyi ng the present

i nvention; 30 _ Fig. 2 is a front view of the spray nozzle
of Fig. 1: . . Fig. .3,is a schematic vi.ew i.n

hori zont almpl ane 35 (f‘zﬁ 06f hé ﬁggfﬂ:agl o‘?r‘ﬁisg.se‘f??%‘?cﬁ’ﬁﬁ & &g‘?es

t he t r aj ebovizonffaly pengy (Kel) pphjtdt inegzieowrler lplonof Léneoht® f
target; Fig. 2:

_ Fig. 7 is a perspective view of three (3) mutually
15 perpendicular planes defined by X, Y and Z axes;

Fig. 8 is a front elevational view of an
alternative embodiment of the present invention having a V-
shaped groove interconnecting the orifices;

20
Fig. 9 is a cross-sectional view of an alternative
embodiment of the present invention: and
Fig. 10 is a cross-sectional view of the
- 25 alternative embodiment taken along line 10-10 of Fig. 9.

Depicted in Fig. 1 is a gas/liquid mixing nozzle 10

30 which is similar to the one disclosed in U.S. Patent No.
5,240,183 to Bedaw, et al. and assigned to BETE FOG NOZZLE,
INC., having a generally'cylindrical shaped body and
cbmprising a ligquid input conduit 12, a gas input conduit 14,

_ a liquid atomizer in the form of a helical vane or spray

35 member 18 and a spray head 16 co-axially disposed about the
helical spray member that controls the spray pattern of the
ligquid emitted therefrom. As best shown in Fig. 2, a
plurality of orifices 19 are disposed in a generally circular
pattern about the centerline or longitudinal axis a ofrthe"



MD 96/ 21518 PCT/ US96/ 00100
Fig. 4 is a schenatlc view in the frontal plane (X-

Y) m‘mﬁ_ﬁ—ﬁ"g’ﬂh Sttty a_] -ee+6f Y of—a
spray jet projecting fromeach orifice onto a target; 5 .

Fig. 5is a schematic viewin the vertical plane {Y-Z) of the nozzle
of Fig. 1, whleghdig! Ustrates the trajectory of a spr.

projecting fromeach orifice onto.a target; ﬂ@bﬂﬁﬂﬁmnm Fig.
6 is a partial cross-sectional viewin tghe hor| zont al plane (X-2) of
the nozzle taken along line 6-6 of Fig. 2; Fig. 7

is a perspectisprayi bgadf 16 hr Referimgt bal Fyg1%, eacpeppifitke dBrispl anes

defined by X iﬁd&@id&a@lfsorlented at a predeterdﬂﬂéd 8nb$e asd "t
t er nat.i ve e nt of-the present

el evational view
i nvention havit§® g’@r the °rl§’rf%?pge(§’r39885e i aér?&ﬁn@ﬁt??@r‘? i ces; 20
Fig. 9is a crpjsmas‘espray\apamm @flong al targett iVieat a predetrmhiiimexd of the

present g nventdi@tand8df from the spray headFig; sl-‘ﬁ:whslﬁ ?I%és -$ isonal vi ew
of the 25 alternative enbodi nent taken along line 10-10 of Fig. 9.

The liquid input conduit 12 (Fig. 1) of the nozzle

10 has a longitudinal bore 20 and its outer end 22 is flanged
with circumferentially-spaced through bolt holes 24 adapted

10 to be secured to the outer end of a similarly flanged pipe
{not shown)} for supplying liquid 1 into the bore 20 under é
pressure in the range of 3 to 300 psi. The helical member 18
is secured such as by a weld 25 to the inner end 26 of the
liquid input conduit 12 to provide for leak-proof liquid flow

15 from the bore 20 into the tapered bore 27 of the helical
member 18.

As shown, the gas input conduit 14 comprises an
inlet member 30 having an internal bore 32 and a flanged
20 outer end 34 with bore holes 36 circumferentially disposed
thereabout. The inner end 38 of the inlet member is
perpendicularly secured by a weld 39 to a tubular member 40
of larger inner diameter disposed concentrically about the
_ liguid input conduit 12 to provide an annular passage 42 into
25 which a gas g, such as compressed air, steam or the like, may
" be supplied under pressure in the range of 3 to 300 psi by
- any suitable means. The forward or outlet end 44 of the
tubular member 40 is secured, as by welding, to a coupling or
_ fitting 46 adapted to fit about the helical member 18. As
30 shown in Fig. 1, fitting 46 has a plurality of
circumferentially-spaced passages 48 which are adapted to
receive the pressurized gas flowing through the annular
chamber 42 of the tubular member 40 and which direct the high
velocity gas into a mixing chamber 50 of the spray head 16.
35 It will be recognized that the compressed gas, rather than
being fed through a plurality of circumferentially-spaced
ports or bores, could be fed through a unitary or plurality
of annular slots (not shown) into the spray head 16. The,.
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The spray head 16 of generally cylindrical

construction provides the chamber 50 for intermixing the
liquid and gas phases about the helical member 18. The
mixing chamber may be defined by an open inner end 55, a
generally cylindrical medial portion 57 and conically tapered
or spherically shaped outer end wall portion 58. The spray
head 16, at its inner end, includes two (2) annular shoulders
60 and 62 which disrupt the laminar flow of the gas as it

enters the chamber 50 from the gas passages 48 whereby the
high velocity of gas g becomes turbulent for enhanced mixing

with the ligquid 1 in the chamber 50 and the atomization of
the liquid phase.

The conical outer end wall 58 is provided with a
plurality of orifices 19 arranged in circumferentially spaced
relationship (Fig. 2) about the longitudinal axis a of the
spray head 16. Each of the orifices 19 extends through the
outer end wall 58 at a point that is preferably adjacent to
the inner surface 71 of the medial portion 57 of the mixing
chamber 50, as best shown in Fig. 1. It has been found that
when the inner ends of the orifices 19 communicate with the
outer peripheral portion of the mixing chamber 50, where the
intermixing of the liguid and gas phases is at its optimum,
that mass flow ratio, defined as the percentage of liquid-to-
gas flowing through each orifice, will be equalized to
thereby reduce the flow segregation often encountered in two-
phase atomizers. '
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As shown, the gas input conduit 14 conprises an inl et menmber 30.
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determination of the cross-sectional areas or diameters of

the orifices 19 is the required exit velocity of the
gas/liquid mixture from the spray head 16 which is inversely

15 = proportional to the area of the orifices. A practical .
consideration is that the cross-sectional areas or diameters
of the orifices must be sufficient in cross-section to ensure
free passage of the liquid and any particulate matter
disposed in the liquid to avoid a problem of the orifices

20 being clogged by the particulate matter. Typically, the
number of orifices 19 disposed in the outer wall 58 will be
within the range of approximately four (4) to twelve (12).

, Accompanying Figs. 1-6 is a spatial reference or

25 _' coordinate diagram of three (3) mutually perpendicular axes

X, Y and 2 defining three-dimensional space to assist
.with the understanding of the interrelation of Figs. 1-6.

Referring to Fig. 7, three (3) mutually perpendicular planes
are defined by the X, Y and Z axes such that the X-Y plane

30 (or frontal plane) is defined by the X and Y axes, the X-2
plane (or horizontal plane)'is defined by the X and Z axes,
and the Y-Z plane (or vertical plane) is defined by the Y and
Z axes.

35 In the preferred embodiment, illustrated in Figs.
3-5, the spray head 16 has eight (8) orifices 19 and the
target 17 is parallel to the horizontal plane (X-Z) and
generally perpendicular to and centered about the
longitudinal axis a of the spray head. Each orifice 19 is



fitting 46 by a weld 47. ' An annul ar nmounting flange 52

I-s ¢di sposed about the 5 t ubul ar nenber 40 having circunferentially

di sposed, a plurality of holes 54 used to nmount the nozzle assenbly
10. A sighting device or tab 56 (Figs. 1 and 2) is di sposed upon - .

the outer edge of the nmounting nmenber 52 to assist with the
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i quid and gas phases about the helical meifber 18. The m Xi ng
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outer end wal | Lﬁ# ow ed with a 25 plurality of orifices 19
arranged in circ EFAFt§*8paced - relationship (Fig. 2) about the
| ongi tudi nal axis a of the spray head 16. Each of the orifices 19
extends through the sqlgger3EQday@a:}ar&&tarca§190¢ﬁuw pfpal tk'5 a&eéf%aééy

adj acent t I_nner surface .71 qof th rredl on
M0 o st PireY Ser ot imstlonk (o 5 ) habet Pa frdh. e
when the inner emt&'nn‘spblndlngl tbrx:ﬁs:él@:&d:ﬂmuapragémad h The spray jet# (alre
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Note that the trajectory of the spray jets do not take in
consideration the effect of gravity. -

In the preferred embodiment, Fig. 3 shows in the

20 horizontal plane X-Z, the trajectory of the spray jets (m to
L) emanating from each corresponding orifice 19 to a
corresponding point (m to t) on the target 17. The orifices
19 are angled radially outward from the longitudinal axis a
of the cylindrical spray head 16 in the hqrizontal plane

25 (Fig. 6) to produce a fan pattern of predetermined width w
(Figs. 3 and 4) along the target 17. The angles of the
orifices in the horizontal plane (Fig. 6) outwardly increase
‘as the orifices are disposed further from the longitudinal
axis a of the spray head 16 to prevent the trajectories of

30 the spray jets from crossing or intersecting each other. The
orifices 19 are preferably angled such that the spray jet
from each orifice is equi—spaéed.along the target 17, as
shown in Fig. 3, so as to produce a spray pattern of uniform
and evenly distributed material along the target. It should

35 be recognized that the orifices 19 may be angled so that the
spray jets intersect the target at varying spacing to provide
a spray pattern more concentrated in predetermined areas .
along the target than others. .
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clogged by thg,@a&ticd!dpadiRehe! as Ta/éasl%lelayfl tiafg 5, sprf Mets A and

orifices 19 disposed in the outer wal hin the range
of approxi nat &l YFPIRAT (D F?ﬁ?v@‘(llzé’)ntal Plane (X-2) as t e AERTFRfanyi ng
Figs. 106 is Thepatdgls ofcfthecneajectddy of sp@aydjammdlrﬂgaamnfthé]ree (3)

tual | d

Cpace 15 oot SPELIUPRIRE iz o JuB LubChuAES IECERE SRR AR
1- 6. REPERY i 1Rfs & ARg. L7, 'F}Pﬁ‘ angly) ofythel tXajRsSteEHdPE USRFAY| anes
are defined byewegénafgandnztnéesemlt Baknéhey-g)Y diledqual. but

opposite to each other, and greater than the angle of spray

i5 jets 9, s, n, and x. Accordingly, the plurality of spray
jets (m to L) converge toward the target 17 in an
approximately planar, flat fan spray pattern, and as
indicated in Figs. 3 to 5, the spray pattern flows in a
direction across the target 17 and the target is

20 substantially located within a plane extending in the flow
direction of the spray pattern.

A schematic view of the spray head in the frontal
, plane X-Y is shown in Fig. 4 which simultaneously illustrates
25 both the angle of divergence and angle of convergence of each
spray jet (m to L), shown in Figs. 3 and 5 respectively. .
' Each orifice 19 is preferably angled such that the jets of
the orifices disposed above the target (jets o, g, and g) and
the jets of the orifices disposed below the target (jets n.
30 - R, and r) alternately project along the target to provide for
symmetyy about the longitudinal axis a of the spray head 16.

In an alternative embodiment illustrated in Fig. 8,
the orifices 19 are interconnected by a U-shaped or V-shaped
35 groove or channel 80 that is inscribed on an outer surface 81
of the spray head 16. The width of the channel is preferably
between 0.3 and 0.6 times the width or diameter of the
orifice and the depth thereof may be between 0.15 and 0.5,
times the width or diameter of the orifice. ' The angle of the



300 . (or frontal plane) is defined by the X and Y axes, the X-Z

plane (or horizontal plane) is defined by the X and Z axes, : and t he
Y-Z plane (or vertical plane) is defined by the Y and Z axes. 35
In the preferred enbodinment, illustrated in Figs. 3-5, the spray
head 16 has ei orifices 19 and the target 17 is |lel to
the horizont alvg%%'?éfg l’(X— Z) and general | y perpendi cul ar g?fé?"m
centered about the | ongi t udi nal aX|§0a of the spray head. Each
orifice 19 is WO 96/ 21518

PCT/ US96/ 00100  ya3ls of the V-shaped channel 80 is preferabl b@9&8é6“551y
angl ed such that the

ray_emapating from
projected as a fl12fd §;5f off aan?fn’es Cﬁentered a?%?'bé‘%ﬁ%%?"&udlnal axis
predet ermi ned di séfrsel okQffit@glfand opensagpherdltat glayapll@bato Sthey

pattern (Figs. 3 andRhaihhl axis a YOWH BE-LFORMU 28d that the target may

be di sposed at varying oriéentations In Space by sinply nodifying the
angl es 5 of the orifices. Figs. 3-5

di agranmati cal |y show the tmhej ehannyl of0 l&idens t:he SPt ey ddRfeS ofl the
proj ections (m t%]ztl)fl@ggnﬁg' Qgclfxr&mte% sipra}re% % @Q%ng') N9y ré\{@v?r? i

the spray head. e spra ets ar tenterline or
dotted |ine that Mrésp@h‘é§atlng thwetﬂromhperwmmdwngxpamsam@m

orifice. As best éﬂHﬁH@l‘ﬂpon exltfﬂﬁlea%h bb@f§£@fﬁblﬁﬂéie69 Poéﬁﬁbrg whi ch

project fr t he ori.tices ow,.the are represent ed

Rots od 11188 " Bibadsr, St 68 ik R bsert, bouRs t#fesssﬁnggpafgtﬁi b e

in emanating from an orifice. The expanded spray jet spans a
greater area along the target 17 to produce a more uniform

spray distribution.

15 -It will be recognized by those skilled in the art
that one or more of the orifices, illustrated as being
circular in the drawings, could be changed to include various
non-circular cross-sections, such as elliptical, rectangular,
or sguare.

20

For proper operation of the nozzle 10, it is
important that the inner diameter g, as shown in Fig. 1, of
the cylindrical portion 57 of the spray head 16 be
substantially greater than the maximum outer diameter of the

25 helical member 18. It has also been found that the ratio of
the length g of the spray head, as shown in Fig. 1, to the
inner diameter d of the spray head should be approximately

1.5 to 1.7.

30 As liquid 1 under pressuré is fed through the
longitudinal bore 20 of the tube 12 and flows into the
tapered bore 27 of the helical member 18 where the ligquid is
deflected outwardly by the upstream surfaces of the helical
member into a thin conical sheet. Simultaneously, compressed

35 | gas g being supplied into annular passage 42 and which flows
though bores 48, will enter the mixing chamber 50 and at high
velocity and in a turbulent state, impacts with the liquig.



consideration the effect of gravity. In the preferred

enbodi rrent Fi g 3 shovxs in the 20 hori zontal plane X- Z, the traJ ectory
of the : , mms

19 to a correspondl ng poi nt (mto t) on the target 17. The orlflces
19 are angled radially outward fromthe l-ongitudinal axis a of the
cylindri calwopésigigread 16 in the horizontal plane 25 ( Pic@rusSerooicd
produce a fan pattern of predeterm ned width w (Figs. 3 and 4) al ong
the target 17. The angles of the {prifices in the horizontal plane
(Fig. 6) outwardly increase as the orifices are disposed further

fromthe |ongitudinal In the mixing, chrmbar Bhr dhensugbutento npckdmgh t he
traj ectori esvellodfiity expdredisy aws| gt eménamimy Exsmnghérholdserdgect i ng each

other . The incerseBELiNEIHY BLR1BLEIAAN L tokafasH hhaly HhEnsPr &Y

j et i ce i's_equl -space
shown in Fi gthS sybvfaces @ﬁor%bélacébrwltﬁt tlérn @hlilrﬁqt(;tcm causes and

evenly sdi st richut edaqand e\£¢ e edteﬁﬁtzéaebﬁ drimixely whew! éhe?%cpandbﬁ

recogni zed that theg_ori £S Ied Spray jets
i ntersect th&Fargat ral?evl;r %dggﬁa’ﬁ’ﬁﬂnt 1&&9?8@?9& thr°u§hsﬁ1r’§y pattern
mor e concent chamber n5Qr etipttderi néding emrsd atomizatabwnopdurs war get t han

ot hers. dvances té@ﬁx%/t%g’églf ces 19. Th d liquid
PCT/ US96/ 00100 ices e Presgsunze gas/liquid _

formthe flaPI¥EATSFAIRIGY §FPRPERLRS sy Frits the oritiGges) 19 ke orifices 19
(Fi g. 10) nusambisot ber iathosplenlitypressure awgkadse nfurthereatonbskapliame Y-Z

such that thg sle_ﬁgymg&tu}ém to t) converge upon the target 17, as
illustrated in Fi The angl e of convergence of each orifice is

dependent upon
It has been found that this nozzle construction

will produce very fine liquid sprays in which the average
15 droplet size may vary, depending on the flow ratioc from 10
microns to 500 microns.

In an alternative embodiment shown in Fig. 9, a

ligquid atomizer in the form of a sinusoidal spray member 100

20 of the type similar to the spray nozzle disclosed in U.S.
Patent No. 4,014,470 to Burnham and assigned to BETE FOG
NOZZLE, INC., may be used in lieu of the helical spray member
18. The sinusoidal spray member 100 may be a tubular unitary
body similar to the liquid input conduit 12 having an outlet

25 end with a central outlet orifice 110 of cylindrical
configuration which extends through the outer end wall 111
thereof and intersects with conical surface 112, which
constitutes the outlet wall of an outlet chamber 114. The
outer end wall 111 radially flares from the longitudinal axis

30 a of the spray head 16 to expand the liquid spray pattern
about the mixing chamber 50 of the spray head 16. The outlet.
chamber 114 is also defined by the inner diameter or
cylindrical bore 116 of the spray member 100.

35 Swirl imparting means are provided by transversely
extending segmental vanes 118 and 120 which separate the
ocutlet chamber 114 from cylindrical bore 20 of the liquid
input conduit 12. '



the di.stance f of the target fromthe spray head and the di sposition

of the orifice on the spray head. In the preferred enbodi nent, as
depi‘cted in Fig. 5 spray jets mand : t project in the sane
horizontal plane (X-Z) as the target. 10 The angl e of the traj ectory of
spray jets o and s, in the : vertical plane (Y-2), are equal but
opposite to t NEOIBEISI8 of spray jets n and x. The angle

trajectory of spray jets Q and q, ig%the vertical plane (Y—Z) are
equal , but opposite to each other, d greater than the angle of

spray 15 jets 0, s, nasagovn 1n°~¢(i§rd9n9{rdme§ he gplarBal 26 YedtipSideatwo
jets (mto t) converggltowar theHgarge matel y

1 PRI
pl anar, fl at faHeESF %aﬁ%}r Y- agssegments,l ﬁ"gﬁegai"éaw?% jl%f €3 to 5,
the spray pattedirecbhenief #£1uid flowi threugin ther nogziaeld ar gat wiilabe t he

target is 20 noEHQSEﬁQE'@Lé woogahagomwIﬁrfesollaaeaﬁatmﬂlar& in the flow
direction of thg spra rh hemat cwevyof t he
spray head i n t H¥ FB%?%‘? in edge-fposRd0g. ‘?e)rastlﬁﬁb\%ﬁfllﬂli&gga

si mul t aneousl y whiobt esatesd®horizobbahly hecxaras ehef bdreeZ@eIﬁ:e:lmmoan@ée of
convergence of ggch ag showﬁrértawzeg-sw tpof) crEhQefiel lovdsiftap 3 and 5

respectively. Ea orifice 1 pr eferabl y angl ed such t hat .t he
jets of FH€°B¥‘FFF%%“51§}|]§’p(§§’e§°Qﬁo%t?% "tnafigé{“e%f’e‘f%l]é' pPoghfies)
and the js@tesobft tive wpenings ldBsposatsire ayatihet t@igett (@dad filo@0

p, and r), gl ternat gt { de

yrmet ry Whout - Che Penapffl 418y’ 88 LAY Dblod BaBERKALS St vane 118

In an alternati ®adedBBdhaemAn qu&fr?Fa@eﬂr‘F‘F\aqﬁ gecsss 124 (Fige Wrifices 19
are interconnecpedviiea dtaipas Qhn¥rssaped xﬁbwmcngtn@\@emramgrnnel 80

that is inscri berd%%ggt?é\agué entrsabr o%‘éﬁu% 8 is f% gge spray head 16. The

wi dth of the ch& Fera etvveen and 0.6 tines the
wi dth or dianmeter of the orlflce and the depth thereof may be

bet ween G515 and 0.5 ViehédBn R Widkbr 06n dRMRLER elokherny) fo)ce.

The angl e of th%emi-circular vane 118 has a convex lobe 130, in one guadrant
of the passage facing upstream and a concave lobe 132 in the
adjacent quadrant. Similarly, vane 120 has a convex lobe 134
in a cquadrant of the passage diametrically opposite convex

20 lobe 130 of the vane 118 and a concave lobe 136 in a guadrant
diametrically opposite concave lobe 132 of the wvane 118. The
vanes are thus approximately sinusoidai and, as best shown in
Fig. 9, the cylindrically curved lobe portions of each of the
sinusoidal vanes 118 and 120 are interconnected by axially

25 extending leg portions which cross at about the center of the
bore 20 and being recessed as at 124 to form the central flow

opéning 128.

A ligquid or liquid slurry under pressure, such as
30 waterborne particulates, may be supplied to the sinusoidal
spray member 100 via the liquid input conduit 12 of the
nozzle 10. Within the inlet chamber 122, the siurry noves
within the confines of the bore 20 as a column or single
stream until contacting the vanes 118 and 120 where the
35 ligquid column is separated into two (2) streams or portions.
One stream is annular, the other axial. A swirling movement
is imparted to the outer peripheral or annular stream of the
slurry as it passes over the surface of the vanes 118 and
120, while the central portion of the slurry passes more or
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10 wal I's of the V-shaped channel 80 is preferably between 60

an

orifice 19 and opens generally parallel to the. | ongi tudi nal axis a
of the spray head 16. 5 - The channel 80 w dens the outer
edge of th&ooenisig Orifices 19 such that the spray jets (rcrfushémors Shown
in Fig. 3, emanating therefrom peripherally expand al ong the

channel upon exiting each orifice to thgreby produce a 10 br oader
orifice jet pattern bei ng | ess concentrated t han one emanating from

an orifice. IP8é Siparbiby Epongh thespaperal openinggl el krmedePYathfg t he
target 17 t wapeeducEnath®reutleitl ehakber 114,Spheyvdrsicabwtam cabbed

of the or 1t PReEns, PRty WA AR, 1b; 58 ik BBaTak paying, il o ¢

coul d be chaﬁyeéteoan@dmtmk;qggthens therebyrnm¢vedren|%9r<un¥i9rmect|ons

such & ell bﬁ&"t(iéhlaﬁécé lsﬁb_;foln the P.{qtﬁ.@lﬁhﬁsezﬂn the tmhlxtlnt?h For
proper operafio zl e n a e inner
di ameter A ;ghf spray fhead 'T6. t & EQFEEH? ahnﬁbFFF6H95?sof t he

spray head kﬁhbeced by thﬂnﬁmmgnsnanay e attionshiipnof hehersentemlout er
di anet er of ohlﬁ‘ieg5or1.f1a§|11(balt erﬁué@ 1 gte E§o§§ s&é@_%aflound that the

rati o of ﬁ e a as shown 1n Fig. 1, to the
i nner di aneC4AMELEY ¢ e‘gfé%r%f- ﬁ&a pFBR’r‘F%& dgper surfages
1.7. 10 30 112. As liquid 1 under pressure is fed through the

| ongi tudi nal bore 20 of the tube 12 and flows into the

Although the invention has been shown and described
with respect to an exemplary embodiment thereof, it should be
understood by those skilled in the art that the foregoing and

15 various other changes, omissions, and additions in the form
and detail thereof may be made therein without departing from
the gpirit and scope of the invention.

Having thus described our invention, what is
20 claimed is:



t apered bore 27 of the helical ne er where the liquid is
defl ected outwardly by QIHIHJMI 'aces of the helical menber
into a thin conical sh conpressed 35 gas z being

supplied into annul ar passage 42 and Mthh fl ows t hough bores 48,
will enter th chanber 50 and at high vel 00|ty

t ur bul ent staf‘gms‘?)ﬁ%g%ts with the |iquid. wﬂ?

PCT/ US96/ 00100 11

In the m xing chanber 50, the turbul ent an&l“hl gh vel ocity expandi ng
gas g emanating fromthe holes 48 | e EREt S the thin conical sheet
of liquid 1 emtted from the surfaces of the helical nenber 18. This
action causes 5 the liquid to be atom zed by and m xed with-the
expandi ng gas. As tBe |pgirEEtRs! 1A xEeremisingellisgighldlghitinea
chanber 50, furthkgis Mgy, Nehapscdiieby@n occurs as it advances

toward the orifices 19. The _ptessurized, as/ m xture
expands as it exits the orfi cB8SYPRD c°§ﬁﬁ?%n 1% 1% )négﬁhé??fgguCIng
pressure to causeheultieidaandigas iioto the nomile hid Oii;xt ure.

It has beengfound that thig pegzh 59N d W lgh anduce very
fine liquid sprays in which the agera e fuq oY coup}e %g zeunay

dependi ng on the WFSFFbmFr“HﬁI?L(‘Fhe at legfe RPf 1t”(3-e§08°ﬂ‘ii‘é¥%n%12 V14)
I n an al ternativecantredetreihg Savaiviniixing ghe9ligquid and ghkguandat om zer in

the formof a sinusoidal Sﬁégﬁsn?fpfrcédgied in fluid communication with the

mixing chamber (50) for atomizing a plurality of spray ‘jets
10 (m to t) of the liquid-gas mixture angularly spaced relative
to each other about an axis (a) of the mixing chamber (50),
and for directing approximately all of the plurality of spray
jets to converge in a spray pattern toward a target (17),
wherein the spray pattern extends in a flow direction across
15 the target (17) and the target is substantially located

within a plane extending in the flow direction of the spray
pattern.

2. A nozzle (10) as defined in claim 1, further
characterized by a liquid atomizer (18, 100) coupled in fluid
communication between the at least one inlet conduit (12) and
the mixing chamber (50) for atomizing the liquid flowing

5 through the at least one inlet conduit (12) and discharging
the atomized liquid into the mixing chamber (50).

3. A nozzle (10) as defined in any of the
preceding claims, further characterized in that the mixing
chamber (50) is defined by a substantially cylindrical
surface (71) extending between the liquid atomizer (18, 100j
5 and the means for atomizing a plurality of spray jets (19),

and the ratio of the length (g) of the mixing chamber (50) to
_ _ its diameter (d) is within the range of approximately 1.5 to
: 2.0.



20 of the type S|mlar to the nozzle di sclosed in U S
Patent No. 4,014, 470 to lj ﬂ[ﬂ“ﬁﬁﬂ}ggllgned to BETE FOG NOZZLE,

INC___uay_ba-used—hn-+| SPT Y TTETTOET 18. Ihe

si nusoi dal spray nmenber 100 may be a tubul ar unitary body siml-ar to
the liquid input conduit 12 having ah outlet 25 end with a central
outlet orify g of cylindrical , confi gurati on whipdrresssoomns

t hrough the outer end wall 111 t hereof and intersects with coni cal
surface 112, which constitutes yke outlet wall of an outlet chanber
114. The outer end wall 111 radially flares fromthe |ongitudi nal
axis 30 of the spray. h@agozeleo Expasd defdnefigim rmprofy th&ttern

about the m éﬂ)xfr@céiﬁ ‘acrlagﬂs()f shPehSPcRarietdrifed The thdt! €he means fdwmnber
114 is al so

I nper di aneter Qqr I|nd I C 116 of
the spray rren%"e‘?mli%’(?g a ggurallty of SpraygdfHe Wr%]é‘ﬁ R@gﬁ%i a'gg %fr ovi ded
by transversebyiflces (1e»tanduhgrhwgnﬁnﬁdlre&a%swaﬁS>&n@hlgghﬁhléhmgéparate
the aqegxﬁa@%fléﬂefmaxgyldmﬁks@prﬁtaﬁnoant BRd| péwt ibn

I nput condw t ¢
PCT/ US96/ 0010658) of the nozzle (10) and coupled in f%ﬁ}d communication As

shown in Fi g.wfth e miklibgaoHadBér c(8r,i eachworifice (19éndefiihing a

sem -circul arf)i% ment s d.l\é@‘égfei‘ EXW:Q:& Q:hteh%argat f]l—fi,l ﬁ.& hggmgglﬁé%f | ow

t hrough the n }xg sinusoi d
vanes 118 anddlwfe?rf@ a6 resperhkYa ey iifted@et ‘Po"e Rtaziois o%"ﬁ ning a

figureqp8” nixtutdigit e xhendsrée i @omt.al |y across the bore 20 of the
nozzl e 10. As shown at 122 (Fig. 10), the vanes overlap

circunferentially to sone extent on dianetrically opposite si des of
the opening 128 to ensure against direct axial flow

5. A nozzle (10) as defined in claim 2, further
characterized by the liquid atomizer (100) having at least
one vane (118, 120) extending transversely relative to an
elongated axis (a) of the inlet conduit (12) for receiving

5 fluid (1) from the inlet conduit and creating a swirling
annular flow, and defining at least a portion of an aperture
(128) in an approximately central portion thereof for
receiving fluid from the inlet conduit (12) and creating a
substantially axial flow.

6. A nozzle (10) as defined in claim 5, further
characterized in that the at least one vane (118, 120)
defines a substantially convex lobe (130, 134) and a
‘substantially concave lobe (132, 136).

7. A nozzle (10) as defined in claim 6, further
" characterized in that each lobe (130, 132, 134, 136) is
approximately semi-circular.

8. A nozzie (10) as defined in either of claims 6
or 7, further characterized in that the convex lobe (130,
134) is located upstream of the concave lobe (132, 136).



x\

10" - of the annular por fIOM/pattern Each vane 118
and 120 has an identical WMLEEI (Fig. 9), provi ded al ong
its inner edge, by which the gen elliptical central opening
128 is formed. 15 V'emed |n the direction of fluid flow
(Fig. 9), sem -circul ar vane 118 has a convex | obe 130, _in one

quadr ant WO 36121548, passage facing upstream and a concave I"&E@szuf%

t he adj acent quadrant. Simlarly, ne 120 has a convex | obe 134

in a quadrant of the passage dianetrically opposite convex 20 | obe 130
of the vane 118 and a concgyve A alazz136 (10) dagu@siiiditld in any of aMRiimscal |y

abbroxi mat ol y o1 FHEGeR Sk cheey BREracter i by o YIS 18, 140), ana
cylindrically cueaeh Vngeqanndgnsranswexﬁekm thiyeugh a respaﬂmiuedal vanes
118 and 120 are kabgt&¥HEChedeRy -axkahlar 2p'i:rtloneiﬂfedf'l‘i’é Ngh1leRd BABLEENS

whi ch cros at a ggi the center of the bore 20 and being recessed as
at 124 to rn1t entral flow openi ng 128. A
liquid or liquid slurry under pressure, such as 30 wat er bor ne

particul ates, may be supplied to the si nusoi dal spray nmenber 100 via
the liquid input conduit 12 of th nozzle 10. Wthin the inlet

chamber 122, the slurry mo¥®s & nozz;ﬁ {RPh anieidmednd eaime hduatheras
a colum or singtRaracterizdd &gmthet Ligqeidtearirizgrt hes v aasinyl@nand 120

where the 35 %ﬁ%&ﬂnﬂglme'ﬁcﬁfpéﬁ@ff& égﬁenﬁw%;(fﬁ t:Z:fer %Q:chion from

portions. e stream’™ s annu [ _aX

novenent rhe| Aenmetaaty enRcofuthe Heketpisondnit  (khntoward: Eham of
t he 5S| Ur r Mi@snd tcHaESRS (B0¢r foheatSahifcry ehet Doquian e sthBrg8d from

120, while the cepiral, RO 119R Obnbhgssl iy IohRgases mre or

11. A nozzle (10) as defined in'any of the
preceding claims, further characterized in that each spray
jet (m to t) is coupled in fluid communication with the
mixing chamber (50) adjacent to a surface (71) defining the

5 mixing éhambef for receiving peripheral fluid flow from the
chambex.

12, A nozzle (10) as defined in any of the
preceding claims, further characterized in‘that the spray
jets (m to £) are circumferentially spaced about the axis (a)
of the mixing chamber (50).

13. A nozzle (10) as defined in any of the
preceding claims, further characterized in that the spray
jets (m to L) are substantially equally spaced along the

taxrget (17).

14. A nozzle (10} as defined in any of the
preceding c¢laims, further characterized in that the target
(17) approximately intersects the axis (g) of the mixing

chamber (50).
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13 Iess d|rectly through the central openlng 128 forned by the
vanes- FEre™ - ouny . - |uuruo\,u uy t:IC
vanes 118 and 120 and the axi aIIy novi ng stream reunite and mx.
together, thereby providing for uniform 5 particul ate dispersion in

t he I|qU| d we3g1d1e the mxing chanber 50 of the sprﬁ,‘fy@a)l&ﬁ. I'n
addition, this mxing is enhanced by -t he di nensi onal relationship of
the central outlet orifice 110 tg7zthe nuch | arger cross sectional

di ane m chanber 114 and coni cal upper surface 10 112.
Nthoﬂmlmmuﬂ'nuﬂmu |has been shown and descri bed with respect to
an exeﬂpléry enbodi ment thereof, it should be understood by those

skilled in the art that tshe %ﬁgg?ﬁgguad]das dﬁﬁl’ae‘?;:rto ge# changes,

om ssions, and addltlons I'n ?r‘ay be made
t herei n wi t holRreRgsdng rgaipem further pheremuz%dnsebpb »fpkurality

i nvention.  of spray jets (o, HAVig)J eanatdesissvd atheOtibrysty 7 0mnaMaat is
20 clai ma%i@rality of spray jets (n, p, r) emanate below the ta%:A{;et
5 (17}, and the spray jets emanating above the target (o, g, &)

alternately intersect the target with the spray jets
emanating below the target (1, p. I)

16. A nozzle (10) as defined in any of the
preceding claims, further characterized in that the spray
jets {m to £) emanate from the nozzle at locations
substantially equally spaced relative to each other about the

5 axis (g) of the mixing chamber (50}. -

17. A nozzle (10) as defined in any of the
preceding claims, wherein the target (17) extends along an
approximately straight line disposed within said plane for
forming an approximately planar spray pattern.



o .

1.- A nozzle (10) for mixing a liquid (1) with a gas (q),
at - | east one inlet conduit (12, 14) for

characterized by: _

i nt Foduct ng ) the T1gurd and gas 1nmo the nozzre o5
a m xi ng chanber (50) coupled in fluid conmmuni cation with the at.

| east one inlet conduit (12, 14) for receiving and mxing the liquid
and gas; and means (19) coupled in fluid conmunication

m xi ng chanber (50) for atom zing a plurality of spray jets

with.the
10 (m MORRIYB the |iquid-gas mxture angul arly spacedPCHUSHs0UR0
to each other about an axis (a) of the Wé&ing chanber (50), and for
directing approximathsly all of the plurality of spray jets to
converge in a spray pattern toward a t bet (17), ¥ Wherein the spray
pattern extends in a|flow direction acrjoss 15 - t he .
target is substantialfly |ocatedes swWthin a plane &
di rection of sthe spr D p&Pt err.
as defined i A"Crarm¥ > urt hdr charSxteri &d £
(18, 100) coupled in fluid | cation bet
inlet conduit (12) and nberCEE
liquid flowwng 5 t hr, i nle
di schar gi ng the a e rggra rn m Xxi\g
3. A nozzle (10) as {defj \-df fhe precedi ng cl i
characterized in thgt h I ng ! chs (50) i [
substantially cyIindri%h sunff ace 1 fendi ng »
atom zer (18, 100) |5¢ - tﬁﬁ nﬁans f zing a plurality of spray
jets (19), and Th i o Of the | end e) of the _mxing ch er
(50) to its dMa d),is Within t @ of apptoximately 1.5 to
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15 4_ A nozzle 10) as defined in any of the

préeceding clains, further characterized in that the nmeans for

atom zing a plurality of spray jets includes a plurality of orifices
(19) angularly spaced relative to each other about 5 an axis (a) of the
m xi ng chanmber (50) within an end portion (58) of the nozzle (10)
and coupl eg,. i d conmuni cati on with the m xing 0),
each ori fig'ed;(lﬂé%ludefi ning a fl axis directed tomg'lrjﬂw‘ﬁ@o@r get
(17) for atom zing and - directin respective spray jet (mto t) of
the liquid-gas 10 m xture onto the tan 17).

27 characterized by the

ofie vahe (118, 120) extending
axis (p) of theg i t
inlet konduit ardYcreating a
aStwa gortio

A nozzle (1 @; fined in cla
|l iquid atom zer " (I00) having at
transversely relative to an :
(12) for receiving 5 fluid ole, ATy
swirling annul ar flow, and™d
aperture 7 B) T an_appr oxT T portion thgreof for
receiving fluid fromthe inlet CSpﬁUjg ( amnd €reating a '
substantially axial flow N Y nozzl e ( as defined
in claimb5] further chardct rVéed,i “that & hé.at | east one vane
defines a sdﬁ

(118, 120) 7ént'i al lyy chnvéy I\{be\( 130, 134) and a
substantially concave | obe 44132 l N

136). | \ « \L
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7. A nozzle (10) as defined in Clain16, further characterized in

that each | obe (130, 132, 134, 136) is approxi mately sem -circul ar
8. ‘A nozzle (10) as defined in either of clains 6 or /, further

chdracterized in that the convex | obe (130, 134) is | ocated upstream
of the concave |obe (132, 136). ' WO 96/ 21518

PCT/ US96/ 00 W0 96721518 16 ' PCT/USS6/001@0. A
nozzle (10) as defined in any of clains t hrough 8, further
charactergfﬁﬁhgé%tmo vanes (118, 120), 3 eagh’vane ext ends
transvers ugh a respective substantial Ilfy sem -circular portion
of the inlet conduit 5 (12). ' _ 10. A nozzle (10) as
defined in claim2, characterized by tjhe liquid atom zer (18)
havi ng an appLoxi mat 4 hetfcal surface exteng Ln,the direction
from t he do ream § the inlet conduit (X2) toward the 5

m xi ng chanber (50 or atd ing the liquid discharged from t he
conduit into the ng chg ~ e 11. A nozzle (10) as

defined in any of

edingfﬁfﬁnmsy-iuﬁgher characterized in that
each spray -
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jett (mto t) is coupled in fluid conmmunication with the m Xi ng
chanhaLdLEQ;_ad*aggnt to a surface (71) defining the 5 m xi ng _chanber

for,‘receiving peripheral fluid flow fromthe chanber .

12. A nozzle (10) as defined in any of the precedi ng cl ains, further
characterized in that the spray ‘jets (mto t) are circunferentially
spaced about the axis (a) of the m xi ng chanber (50).

13. A nozzlg s defined in any of the pr ecedi ng clalnB further
characterlzeg N tﬂat the spray (mto t) are sulPTTERO6H0108
equal |y spaced al ong the t ar get (1f§ 14. A
nozzle (10) as defined in a of the precedi ng clainms, further
characterized inghat the tq{?et (17) approximtely intersects the

axis (a) of the myxing chanber (50). WO 96/ 21518
PCT/ US96/ 00100 n\\\ 17
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157 A-nozzle (10) as defined in any of the precedi ng clains, further
Chq‘i’ acterized in that 2a pLJ_lr;;I i ty of cprg_y__j_g.t_s_(_g.,__g_,_.g,)..wratc -
above the target (17) and a plurality of spray jets (n, p, r) emanate

bel ow the target 5 (17), and the spray jets emanati ng abovgs

(o, g, 9) alternately intersect” the target with the spr s
emanat i ng bel ow PEELY ar get (wpppmmmumnogmwommnon 16. A R e (10)
as defined in any of the Breced’fmﬁm"éﬂ'a“l"ﬁ"s further characterized in

that the SSFERNATIONAL APPLICATIQN,PYBLISHED UNDER, THE RATENT SOQPERATIQN TREATH, PCT)

subst ahtsi)asrmtGal Miebt\Cragmanac 1 el at i VE t 4 (BPmimtRebuilh NubiRR S5 . WO96R21518
(a) of {thgyoRbXeg chanmber (50). Al 17. A nozzIﬁlO) as

definegl in any of the precedi njj cli &3 internytiqent Rublication Bate:o r ot 18(0uly71996 (18.07.96)
ext end§g_arong an —appr ox1 mat el y stragght TTne drsposed Wihin sald m‘@ .

pl ane [ @ InternationaX Applieition Numbers p 5+ ORGTHEPEPIP0 ?Hﬁmﬁgg} p(ﬁtggr h g% 114_}! _lh_hdax)' go;

(22) International Filing Date: v~ 11 January 1996 (11.01.96) pateot (AT, BE, CH, DE, DK, ES, FR, GB, GR, [E, IT,’
LU, MC, NL, PT, SE). _

(30) Priority Data:
08/370,096 .~ 9 January 1995 (09.01.95) .~~ US | Published _
With international search report.
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(57) Abstract

An.impmvedspna)_'head(l.s)for.anozzle {10) for atomizing a liguid (1) with a gas (g} has an open inner end (55) to receive the
gas and liquid, a cylindrical medial portion (57) defining a mixing chamber (50) for creating a liquid-gas mixture, and an cuter end wall
(58)tha§huapl|mlityofonﬁca (19) ammanged in a spaced circular orientation about the longitudinal axis (a) of the mixing chamber (50).
Esach orifice (19) defines a flow axis which is directed toward a linear target (17) located a predetermined distance (f) from the spray head
(16) for atmnizingmd dhectlng & Tespective portion of the liguid-gas mixture onto the linear target (17) in an approximately planar, fiat fan
spray pattemn. A kqmd_ atomizer (18, 100) is coupled in fluid communication between an inlet conduit (12) for the liquid and the mixing
chamber (50) for atomizing the liquid discharged into the mixing chamber and creating the liquid-gas mixture.




