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Description

CROSS-REFERENCE TO RELATED PATENT APPLI-
CATIONS

[0001] This application claims the priority of U.S. pro-
visional application Serial No. 60/603,844, filed August
23, 2004.

FIELD OF THE INVENTION

[0002] The presentinventionrelates generally to spray
nozzles, and more particularly, to internal-mix, air-atom-
izing spray nozzles of the type in which a liquid flow
stream is pre-atomized by pressurized air internally with-
in the nozzle prior to discharge.

BACKGROUND OF THE INVENTION

[0003] Internal mix air atomizing nozzles according to
the preamble of claim 1 are known in the art, such as
showninU.S. PatentNo. 5,732,885 assigned to the same
assignee as the present invention. Such air atomizing
nozzles are particularly effective for generating and dis-
charging a finely atomized liquid spray at high flow rates.
[0004] Pressurized air sources available in customer
plants sometimes are inadequate to enable such spray
nozzles to be operated with optimum liquid atomization,
particularly in spraying systems which involve a large
number of such air atomizing nozzles. The need exists
for air atomizing nozzles that can be optimally operated
with lesser pressurized air requirements so as to (1) per-
mit more economical use of smaller air compressors and
(2) to enable greater numbers of air assisted spray noz-
zles to be operated from existing pressurized air sources.
The need also exists for spray nozzles which are adapted
to effect finer atomization of the liquid and which do not
accumulate liquid within the nozzle body that can cause
undesirable drippage from the nozzle, which detracts
from the spray performance.

OBJECTS AND SUMMARY OF THE INVENTION

[0005] According to the invention there is provided a
spray nozzle assembly having all the features of claim 1.
[0006] It is an object of the invention to provide an in-
ternal-mix spray nozzle assembly adapted for more effi-
ciently generating air-atomized liquid spray discharges.
[0007] Another object is to provide a spray nozzle as-
sembly as characterized above that can be operated for
optimum spraying with lesser pressurized air require-
ments.

[0008] A further object is to provide a spray nozzle as-
sembly of the above kind that is operable for discharging
more finely atomized liquid spray patterns.

[0009] Still another object is to provide an internal mix
airatomizing spray nozzle assembly of the foregoing type
which is adapted for finely atomizing the liquid, while pre-
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venting the accumulation of liquid within the housing and
resulting undesirable drippage from the nozzle during
spray operations.

[0010] A yetfurther objectis to provide a spray nozzle
assembly of the above kind that is relatively simple in
construction and economical to manufacture and oper-
ate.

[0011] Other objects and advantages of the invention
will become apparent upon reading the following detailed
description and upon reference to the drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

FIGURE 1 is a longitudinal section of an illustrative
air assisted spray nozzle assembly in accordance
with the invention;

Fig. 2 is a downstream end view of the spray nozzle
assembly shown in Fig. 1;

Fig. 3 is an enlarged fragmentary section of the en-
circled portion of the illustrated spray nozzle assem-
bly indicated in Fig. 1; and

Fig. 4 is a transverse section of the spray nozzle
assembly, taken in line of line 4-4 in Fig. 1.

[0013] While the invention is susceptible of various
modifications and alternative constructions, a certain il-
lustrated embodiment thereof has been shown in the
drawings and will be described below in detail. It should
be understood, however, that there is no intention to limit
the invention to the specific form disclosed, but on the
contrary, the intention is to cover all modifications, alter-
native constructions and equivalents falling within the
claims appended hereto.

DETAILED DESCRIPTIONOF THE ILLUSTRATED EM-
BODIMENT

[0014] Referring now more particularly to the drawings,
there is shown an illustrative internal-mix, air-atomizing
spray nozzle assembly 10 in accordance with the inven-
tion connected to a conventional fluid supply manifold
11. The fluid supply manifold 11 in this case includes a
central pressurized liquid supply passage 12 and a plu-
rality of pressurized air supply passages 14 in surround-
ing relation to the liquid supply passage 12. The air pas-
sages 14 in this instance communicate with an annular
manifold air passage 15 at a downstream end of the fluid
supply manifold 11.

[0015] The illustrated spray nozzle assembly 10 basi-
cally comprises a nozzle body 20, a downstream spray
tip 21, and an airguide 22 interposed between the nozzle
body 20 and spray tip 21. The nozzle body 20 in this case
is in the form of a multipart fluid supply subassembly com-
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prising an outer annular body member 24 and an inner
axial liquid supply tube 25 fixed therein which defines a
liquid discharge orifice 27. The outer annular body mem-
ber 24 has an externally threaded, upstream stem 26
secured within a threaded axial bore of the fluid supply
manifold 11 with the liquid supply tube 25 in fluid com-
munication with the liquid passage 12. An annular sealing
gasket 28 in this case is interposed between the annular
body member 24 and the downstream end of the fluid
supply manifold 11. The annular body member 24 further
is formed with a plurality of circumferentially spaced axial
air passageways 29 that communicate between the an-
nular manifold air passage 15 and an air chamber 30
about the liquid supply tube 25.

[0016] The spray tip 21 is secured to the nozzle body
20 by a threaded coupling nut 31 with the air guide 22
retained between an upstream end of the spray tip 21
and a counter bore 34 in the downstream end of the outer
nozzle body member 24. A downstream end of the liquid
supply tube 25 and a central bore 35 of the air guide 22
are formed with respective tapered surfaces 38, 39,
which define an inwardly converging, annular air pas-
sageway 40. The annular air passageway 40 directs
pressurized air from the annular air chamber 30 into an
expansion chamber 42 within the spray tip 21 simultane-
ously as liquid is directed through and discharges from
a downstream discharge orifice 27 of the liquid supply
tube 25. The discharging liquid impacts with a primary
transverse impingement surface 44 of an upstanding im-
pingement pin or pintel 45 of the spray tip 21, which fa-
cilitates both mechanical and air atomized liquid particle
breakdown of the liquid as it is dispersed laterally of the
impingement surface 44. The lateral liquid dispersion is
further broken down and atomized by the annular air flow
stream prior to discharge from the spray tip 21 through
a plurality of circumferentially spaced discharge orifices
46 disposed in surrounding relation to the impingement
pin 45, which effect further liquid particle breakdown and
atomizations.

[0017] In accordance with the invention, the air guide
is designed to more efficiently atomize and break down
liquid into finer liquid particles with lesser pressurized air
requirements. To this end, the annular air passageway
40 defined between the air guide 22 and liquid supply
tube 25 has a relatively narrow width w for accelerating
and substantially increasing the pressure of air stream
directed into the spray tip for enhanced atomization of
liquid impinging the impingement surface 44. The ratio
of the flow area of the annular air passageway 40 and
the area of the liquid discharge orifice 27 of the liquid
supply passageway 25a preferably is between 1:2 and
1:3, and most preferably, about 1:2.5. The ratio of the
flow area of the annular air passageway 40 and the trans-
verse area of the spray tip expansion chamber 42, as
defined by the diameter "d" of the expansion chamber
42, preferably is between 1:27 and 1:33, and most pref-
erably, about 1:30. In the illustrated embodiment, the ar-
ea of the air passageway 40 between the air guide 22
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and liquid supply tube 25 is 0.387 cm? (0.06 square inch-
es), the area of the liquid supply passage 25a and the
discharge orifice 27 thereof is 0.968 cm? (0.15 square
inches), and the area of the expansion chamber 42 is
11.806 cm?2 (1.83 square inches). The resulting increase
in pressure and velocity of the air stream discharging
from the annular air passageway 40 more aggressively
engages and interacts with the liquid impinging trans-
versely from the impingement surface 44 for more effec-
tive atomization.

[0018] In carrying out the invention, the impingement
pin 45 has arelatively large impingement surface 44 that
causes the liquid striking the impingement surface to pro-
ceed transversely outwardly in a relatively thin sheet as
it approaches the peripheral edge of the impingement
pin for enhanced interaction and atomization by the high
pressurized air stream. The ratio of the area of the im-
pingement surface 44 to the area of the expansion cham-
ber 42 preferably is between about 1:3.8 to 1:4.4, and
most preferably, about 1:4. It will be appreciated that the
expansion chamber 42 is sufficiently large to prevent the
atomized liquid particles generated therein to commingle
togetherandreform into larger particles prior to discharge
from the spray nozzle.

[0019] In carrying out this aspect of the invention, in
order to provide sufficient volume within the spray tip for
expansion of the liquid particles upon atomization, the
air guide 22 does not extend substantially beyond the
downstream end of the liquid supply tube 25. In the illus-
trated embodiment, the downstream end of the air guide
22 is substantially co-planar with the downstream end of
the liquid supply tube 25.

[0020] Inkeeping with afurther feature of the invention,
the spray tip 21 is formed with a secondary impingement
surface 50 downstream of and parallel to the primary
impingement surface 44 for further breaking down the
liquid particles prior to direction through the spray tip dis-
charge orifices 46. In the illustrated embodiment, the im-
pingement pin 45 is defined by a separate pintel concen-
trically mounted within the spray tip which defines both
the upper primary impingement surface 44 and the down-
stream or secondary annular impingement surface 50.
The downstream annular impingement surface 50 in this
case is in the form of a small radial ledge with an outer
peripheral sharp corner 51 which further shears the liquid
particles as they are directed toward the spray tip dis-
charge orifices 46.

[0021] In carrying out still a further feature of the inven-
tion, the ledge that defines the secondary impingement
surface occupies the bottom most portion of the spray
tip expansion chamber 42 so as to prevent the formation
of a trough in the bottom of the spray tip that could ac-
cumulate liquid and cause drippage of liquid from the
nozzle during spray operations. In this instance, the outer
radial edge 51 of the secondary impingement surface 50
is defined by a cylindrical surface 52 in alignment with
the inner radial edges of the spray tip discharge orifices
46 so that no trough or other liquid accumulating crevice
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can exist. Liquid particles atomized within and directed
through the expansion chamber 42 of the spray tip 21
are forced to continue their movement to and through the
discharge orifices 46, without agglomeration and accu-
mulation within any liquid containing crevices of the spray
tip.

[0022] Fromthe foregoing, it can be seen thatthe spray
nozzle assembly of the present invention is adapted for
more efficiently generating and directing finely atomized
discharging sprays. The subject spray nozzle assembly
can be operated with smaller pressurized air generating
equipment, while effecting a high-volume of more finely
atomized, discharging liquid spray.

Claims

1. A spray nozzle assembly (10) comprising a nozzle
body (20), which includes a liquid supply tube (25)
that defines a liquid flow passageway (25a) having
a liquid discharge orifice (24) for directing a high ve-
locity liquid flow stream along a predetermined axis,
a downstream spray tip (21) fixed to said body (20)
having an upstanding impingement pin (45) that de-
fines a primary impingement surface (44) spaced
from said liquid discharge orifice (27) and dispose
transverse to said axis whereby a liquid stream di-
rected onto said impingement surface (44) strikes
said impingement surface (44) and breaks up into a
laterally spreading dispersion of liquid from said im-
pingement surface (44), an air supply (14) for direct-
ing pressurized air through said body (20), an air
guide (22) disposed about said axis upstream of said
impingement surface (44) and formed with an inter-
nal surface (39) that together with said liquid supply
tube (25) defines an annular air flow passage (40)
for enhancing the velocity of the pressurized air and
directing the air in a curtain about the liquid flow
stream for striking the laterally spreading dispersion
of liquid to further break up and atomize liquid into
liquid particles, said spray tip (21) defining an expan-
sion chamber (42) about said impingement surface
(44) for preventing atomized liquid particles from
commingling together and reforming into larger par-
ticles and said spray tip (21) having a plurality of
discharge orifices (46) spaced downstream from
said impingement surface (44) through which said
atomized liquid particles are discharged from said
chamber (42) while being further atomized, charac-
terized by said annular air passage (40) having a
flow passage area less than the area of said liquid
discharge orifice (27) with the ratio of the area of the
annular air passage (40) to the area of the liquid dis-
charge orifice (27) being between 1:2 and 1:3, said
expansion chamber (42) having a transverse area
"d" greater than the area of said impingement sur-
face (44) with the ratio of the area of the impingement
surface (44) to the transverse area of that expansion
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chamber (42) being between 1:3.8 and 1:4.4.

2. The spray nozzle assembly of claim 1 in which of
said expansion chamber (42) has a transverse area
greater than the flow passage area of said annular
air passage (40) with the ratio between the area of
the annular air flow passage (40) and the transverse
area of the spray tip expansion chamber (42) being
between 1:27 and 1:33.

3. The spray nozzle assembly of claim 1 in which said
air guide internal surface (39) and liquid supply tube
(25) decrease in cross section in a downstream di-
rection for defining an inwardly converging, annular
air passage (40).

4. The spray nozzle assembly of claim 1 in which said
air guide (22) has a downstream end coplanar with
a downstream end of said liquid supply tube (25).

5. The spray nozzle assembly of claim 1 in which said
spray tip (21) has a secondary impingement surface
(50) upstream of said discharge orifice (46) parallel
to and downstream from said primary impingement
surface (44) for further breaking down and atomizing
the liquid particles prior to direction through said
spray tip discharge orifices (46).

6. The spray nozzle assembly of claim 5 in which said
secondary impingement surface (50) is defined by a
ledge extending radially outwardly from said im-
pingement pin (45) downstream from said primary
impingement surface (44).

Patentanspriiche

1. Eine Zerstauberdisen-Anordnung (10), die einen
Disenkorper (20) aufweist, der eine Flissigkeitszu-
fuhrleitung (25) einschlielt, die einen Flissigkeits-
durchgang (25a) mit einer Flussigkeitsausstrémoff-
nung (24) definiert, um einen Hochgeschwindig-
keits-Flussigkeitsstrom entlang einer vorbestimm-
ten Achse zu richten, eine ablaufseitige Zerstauber-
spitze (21), die an besagtem Korper (20) mit einem
aufrechten Prallstift (45) befestigt ist, der eine erste
Prallflache (44) definiert, die von besagter Flissig-
keitsausstroméffnung (27) mit einem Zwischenraum
getrennt und quer zu der besagten Achse angeord-
net ist, wobei ein Flissigkeitsstrom, der auf diese
Prallflache (44) gerichtetwird, auf die Prallflache (44)
prallt und in eine sich seitlich ausbreitende Flissig-
keitsstreuung von dieser Prallflache (44) zerfallt, ei-
ne Luftzufuhr (14), die Druckluft durch den besagten
Korper (20) leitet, eine Luftfiihrung (22), die um diese
Achse, der Prallflache (44) vorgelagert, angeordnet
ist und mit einer Innenflache (39) versehen ist, die
zusammen mit der besagten Flissigkeitszufuhrlei-
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tung (25) einen ringférmigen Luftdurchgang (40) de-
finiert, um die Geschwindigkeit der Druckluft zu er-
héhen und die Luft in einem Vorhang um den Flis-
sigkeitsstrom zu leiten, um auf die sich seitlich aus-
breitende Flissigkeitsstreuung zu treffen und die
Flussigkeit noch weiter aufzuteilen und in kleine
Flissigkeitspartikel zu zerstauben, besagte Zer-
stauberspitze (21) definiert dabei eine Expansions-
kammer (42) um die Prallflache (44) herum, um zu
verhindern, dass sich die zerstaubten Flissigkeitsp-
artikel wieder vermengen und in groRere Partikel
verwandeln, wobei diese Zerstauberdise (21) eine
Vielzahl von Ausstroméffnungen (46) hat, die ab-
laufseitig raumlich von der Prallflache (44) getrennt
sind und durch die die zerstaubten Flissigkeitspar-
tikel aus der besagten Kammer (42) freigesetzt wer-
den, wobei sie noch weiter zerstaubt werden, ge-
kennzeichnet dadurch, dass der ringférmige Luft-
durchlass (40) eine kleinere Durchlassflache hat als
die Flache der Flissigkeitsausstromoffnung (27),
wobei das Verhéltnis der Flache des ringformigen
Luftdurchlasses (40) zur Flache der Flissigkeitsaus-
stromoffnung (27) zwischen 1:2 und 1:3 liegt, und
wobei die Expansionskammer (42) eine Querflache
"d" hat, die groRer ist als die Flache der Prallflache
(44) mit einem Verhaltnis der Flache der Prallflache
(44) zur Querflache der Expansionskammer (42)
zwischen 1:3,8 und 1:4,4.

Die Zerstauberdisen-Anordnung gemaR Anspruch
1, in der die Expansionskammer (42) eine Querfla-
che hat, die groRer ist als die Durchflussflache des
besagten ringférmigen Luftdurchgangs (40) mit ei-
nem Verhaltnis zwischen der Flache des ringformi-
gen Luftdurchgangs (40) und der Querflache der
Zerstauberspitze (42) zwischen 1:27 und 1:33.

Die Zerstauberdisen-Anordnung gemaR Anspruch
1, in der die Luftflihrungs-Innenflache (39) und die
Flussigkeitszufuhrleitung (25) ablaufseitig im Quer-
schnitt abnehmen, um einen nach innen konvergie-
renden ringférmigen Luftdurchgang (40) zu definie-
ren.

Die Zerstauberdisen-Anordnung gemaR Anspruch
1, in der die Luftfiihrung (22) ein ablaufseitiges Ende
hat, das in der gleichen Ebene liegt wie das ablaufs-
eitige Ende der Flussigkeitszufuhrleitung (25).

Die Zerstauberdisen-Anordnung gemaR Anspruch
1, in der die Zerstauberspitze (21) eine sekundare
Prallflache (50) zulaufseitig zur Ausstromoéffnung
(46) parallel zu und ablaufseitig zur primaren Prall-
flache (44) hat, um die FlUssigkeitspartikel noch wei-
ter zu zerteilen und zu zerstduben bevor sie durch
die Zerstauberspitzen-Ausstromoéffnungen (46) ge-
leitet werden.
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Die Zerstauberdisen-Anordnung gemal Anspruch
5, in der die sekundare Prallflache (50) durch einen
Vorsprung definiert ist, der sich radial nach aulRen
von der Prallflache (45) ablaufseitig zur priméaren
Prallflache (44) erstreckt.

Revendications

Un ensemble buse de pulvérisation (10), composé
d’un corps de buse (20), qui comprend un tube d’ali-
mentation en liquide (25), qui définit un passage
d’écoulement liquide (25a) présentant un orifice de
décharge de liquide (24) destiné a diriger un flux
d’écoulementde liquide agrande vitesse lelong d’'un
axe prédéfini, un embout de pulvérisation en aval
(21) fixé sur ledit corps (20) présentant une pointe
d’impact en position verticale (45) qui définit une sur-
face d’'impact primaire (44) espacée dudit orifice de
décharge de liquide (27) et disposée transversale-
ment par rapport audit axe grace auquel un flux de
liquide dirigé sur la surface d’'impact (44) frappe la-
dite surface d’'impact (44) et se fragmente en une
dispersion de liquide s’étalant latéralement a partir
de ladite surface d’'impact (44), un alimentation en
air (14) destinée a diriger I'air sous pression a travers
ledit corps (20), un guide d’air (22) disposé sur ledit
axe en amontde ladite surface d’impact (44) etformé
avec une surface interne (39) qui ensemble avec
ledit tube d’alimentation en liquide (25) définit un
passage d’écoulement d’air annulaire (40) destiné a
améliorer la vitesse de I'air sous pression et a diriger
I’air en un rideau sur le flux d’écoulement de liquide
destiné a frapper la dispersion de liquide s’étalant
latéralement pour se fragmenter plus et atomiser le
liquide en particules liquides, ledit embout de pulvé-
risation (21) définissantune chambre de détente (42)
sur ladite surface d’'impact (44) destinée a empécher
les particules de liquide atomisé de s’amalgamer en-
semble et de se reformer en de plus grandes parti-
cules etleditemboutde pulvérisation (21) présentant
une pluralité d’orifices de décharge (46) espacées
en aval de ladite surface d’'impact (44) a travers les-
quels lesdites particules de liquide atomisé sont dé-
chargées de ladite chambre (42) tout en étant plus
atomisées, caractérisé par ledit passage d’air an-
nulaire (40) présentant une aire de passage d’écou-
lement inférieure a I'aire dudit orifice de décharge
de liquide (27) avec le rapport de 'aire du passage
d’air annulaire (40) a la surface de l'orifice de dé-
charge de liquide (27) étant entre 1:2 et 1:3, ladite
chambre de détente (42) présentant une aire trans-
versale « d » plusgrande que ladite surface d’impact
(44) avec le rapport de I'aire de la surface d’'impact
(44) par rapport a l'aire transversale de la chambre
de détente (42) étantde 1:3.8 etde 1:4.4.

L’ensemble buse de pulvérisation de la revendica-
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tion 1, dans lequel ladite chambre de détente (42)
présente une aire transversale plus grande que 'aire
de passage d’écoulement dudit passage d’air annu-
laire (40) avec le rapport entre I'aire de passage
d’écoulement d’air annulaire (40) et l'aire transver-
sale de la chambre de détente de 'embout de pul-
vérisation (42) étant entre 1:27 et 1:33.

L’ensemble buse de pulvérisation de la revendica-
tion 1, dans lequel ladite surface interne du guide
d’air (39) et le tube d’alimentation en liquide (25) di-
minuent en section transversale dans une direction
vers I'aval servant a définir un passage d’air annu-
laire convergeant vers l'intérieur (40).

L’ensemble buse de pulvérisation de la revendica-
tion 1, dans lequel ledit guide d’air (22) présente une
extrémité aval coplanaire comportant une extrémité
aval dudit tube d’alimentation en liquide (25).

L’ensemble buse de pulvérisation de la revendica-
tion 1, dans lequel ’emboutde pulvérisation (21) pré-
sente une surface d’impact secondaire (50) en
amont dudit orifice de décharge (46) paralléle et en
aval de la surface d’impact primaire (44) destinée a
se fragmenter plus et atomiser les particules de li-
quide avant la direction a travers lesdits orifices de
décharge de 'embout de pulvérisation (46).

L’ensemble buse de pulvérisation de la revendica-
tion 5, dans lequel la surface d’impact secondaire
(50) estdéfinie par unrebord s’étendant radialement
vers I'extérieur a partir dudit point d’impact (45) en
aval a partir de ladite surface d’'impact primaire (44).
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