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SPRAYER FOR LIQUIDS AND NOZZLE INSERT Field Of The Invention: The present
invention relates to sprayers for spraying paint and other liquids from a
first container by use of pressurized propellant gas carried by and
released from a second container. Background Of The Invention: Paint
sprayers, wherein the paint is contained in a first container and the
propellant gas is contained in a second container, have advantages over
single aerosol cans having both the propellant and paint contained therein.
The latter form of packaging requires extensive inventories of aerosol cans
with various colors) and the sales of a given color of paint may not be
sufficient to warrant the production, marketing and stocking of aerosol
cans with that given color of paint. The same may be said for other types
of products marketed in aerosol cans) for example different types of
insecticides, etc. However, in a two- container, hand-held spraying system
of the aforementioned type, the product container may be used
interchangeably with different colors or types of paints since the product
container is detachable from the remainder of the spraying system. After
spraying a particular color or type of paint placed in the product
container, the product container is detached and cleaned so as to be ready
to be refilled with a different (or the same) color or type of paint to be
next sprayed. The propellant    WO 99I43441 Z ~~ au~ 2002 PCT/US99/03005 -
2  container is likewise detachable from the spraying system, so that when
the propellant has been used up is the propellant container, a new
container filled with propellant may be attached to the spraying system. As
can be sees, such systems have considerable versatility and have become
popular. One type of two container system commercially available utilizes
two side-by-side containers connected together by a bridge member.
Propellant from the propellant can flows through the bridge and out the
bridge through a nozzle that overlies a product tube extending down into
the product container. The fast flow of the propellant over the end of the
product tube creates a lowered pressure at that point such that the air
pressure acting on the liquid in the product container forces product up
the product tube and into the stream of propellant gas. In such systems a
very low product to propellant ratio is obtained for reasons including that
the pressure is only moderately lowered over the top of the product tube.
Modifications of this type of side-by-side system have the bridge with its
exit nozzle positioned forward of the top of the product tube, and with a
form of nozzle insert positioned in the bridge near the exit nozzle. The
propellant gas passes through the nozzle insert and likewise acts to lower
the pressure over the end of the product tube to cause product flow into
the stream of propellant gas. Such a -latter system with a nozzle insert
has a better product to propellant ratio, for example, of the approximate
order of three to one, but there is still an excessive use of propellant.
The nozzle inserts of such systems generally are   



WO 99/43491 - 3  21 AUG 2002 PCT/tJS99/03005 poorly designed and do not
create a sufficient vacuum over the top of the product tube. A further type
of two container system has the propellant container mounted piggyback on
top of the product container. Product from a tube in the bottom container
can flow up through a tube in the propellant container to an actuating
button on the tap of the propellant container. A nozzle insert in the
button, generally operational as previously set forth, has resulted in the
obtaining of enhanced product to propellant ratios of five or six to one
for products of the viscosity of water. Such systems would benefit from a
still further enhanced product to propellant ratio. Summary Of The
Invention: The present invention provides an embodiment of a liquid sprayer
system having the above-described two side-by-side containers, an
interconnecting bridge, a nozzle insert positioned interiorly of the
bridge, and obtainable product to propellant--,patios of approximately
thirteen to one for products of the viscosity of water. The nozzle insert
has a rearward portion in fluid contact with a propellant channel in the
interconnecting bridge; an intermediate portion containing a venturi
constriction with an outlet orifice from which propellant may exit and at
least two product channels adjacent the veaturi constriction and extending
substantially transverse to the longitudinal axis of the nozzle insert; and
a forward portion containing as expansion chamber with an entrance diameter
significantly   WO 9913441 21 AUG 2002 PCT/U S99!03005 - 4  larger than the
diameter of the venturi constriction. The expansion chamber has a length
sufficient to not substantially disrupt the vacuum established by the
venturi constriction outlet at the transverse product chancels. An interior
bridge space extends about the intermediate portion of the nozzle insert
and also is in fluid communication with both an opening into the bridge
from the product container and the transverse product channels. The
transverse product channels extend longitudinally forward of the venturi
constriction and also extend longitudinally rearwardly to longitudinally
overlap the venturi constriction, the latter overlap being by approximately
half the longitudinal dimension of the product channels in an embodiment of
the present invention. A smoothly tapering, for example frustoconical,
surface surrounds the veaturi constriction outlet, the smaller forward
outer diameter of the tapering surface being less than the entrance
diameter of the expansion chamber. A smooth product flow extends from the
product chamber into the gas stream exiting the venturi constriction
orifice. The venturi constriction outlet is longitudinally spaced from the
entrance of the expansion chamber such that the circumference of the
envelope of a cone of propellant gas exiting the constriction outlet
remains substantially equal to -or less than the circumference of the
expansion chamber entrance until the cone enters the expansion chamber. If
this cone becomes larger in circumference, the propellant gas exiting the
constriction outlet will pass in part up into the   W O 991434a I - 5  



21 AUG 2002 PCT/US99/03005 transverse product channels to create eddy
circuits and lower the vacuum created by the venturi constriction, thereby
lowering product to propellant ratios. In the present invention, the
transverse product channels have areas substantially greater than the area
of the venturi constriction outlet orifice, and for increased product flow)
may have an outer opening of a shape having both curved and linear
components forming a quasi-rectangular shape. The nozzle insert also is a
unitary member in the embodiment described. An alternative embodiment of
the present invention utilizes a two container piggyback liquid sprayer
system) wherein the same aforedescribed nozzle insert is correspondingly
mounted within a space in the button actuator on top of the propellant
container. Propellant to product ratios of water viscosity products are
obtainable of the order of approximately nine to one. Other features and
advantages of the present invention will be apparent from the following
description drawings and claims. Brief Description Of The Drawings: Fig. 1
is a side elevation view of a liquid sprayer having two side-by-side
separate containers and an _ interconnecting bridge; Fig. 2 is a top plan
view of the interconnecting bridge of the sprayer of Fig. 1;   Z ~1 AUG
2002 W O 99l43441 PCT/US99I03005 - 6  Fig. 3 is a longitudinal
cross-sectional view of the interconnecting bridge of the sprayer of Fig. 1
taken along line 3-3 of Fig. 2; Fig. 4 is a fragmentary cross-sectional
view of a portion of Fig. 3 but on an enlarged scale to illustrate the
nozzle insert of the present invention mounted within the interconnecting
bridge; Fig. 5 is a cross-sectional view of solely the nozzle insert shown
in Fig. 4; Fig. 6 is a top plan view of the nozzle insert shown in Fig. 5;
Fig. 7 is a transverse cross-sectional view of the nozzle insert taken
along lines 7-7 of Figs. 5 and 6; Fig. 8 is a front elevation view of the
nozzle insert shown in Fig. 5; Fig. 9 is a side elevation view of an
alternative form of liquid sprayer having two separate containers mounted
one on top of the other, and in which the nozzle insert of the present
invention may be used; and Fig. 10 is a fragmentary cross-sectional view on
an enlarged scale of the top portion of Fig. 9, taken in a vertical
diametrical plane and illustrating the nozzle insert of the present
invention mounted in an actuating button. 



Description Of Embodiments: Figs. 1-3 illustrate generally a liquid sprayer
10 having a container 11 for material to be sprayed) such as paint, a
container 12 containing an aerosol propellant, and an   wo 99ia3aa~ 7 _ 21
AUG 2002 PC'TNS99/0300s interconnecting bridge 13. The aerosol propellant
may be in the form of a partially liquified propellant gas under
substantial pressure. Interconnecting bridge 13 is molded of plastic and
can be snapped onto container I2. Container 12 has a conventional aerosol
valve mounted at its top into a conventional aerosol mounting cup. Bridge
13 in its position directly above container 12 may have flexible depending
lugs that fit within the conventional aerosol mounting cup to retain the
bridge 13 on container 12. Alternatively, a depending circular flange from
the bridge may snap over the outside of the mounting cup. Bridge 13 also
has a hinged depressible member 14, which when pressed by the finger of a
user of the sprayer actuates the aerosol valve to release propellant gas
from the aerosol container 12 up into an internal channel 15 in bridge 13.
The valve stem of the aerosol valve fits into a central opening in the
lower surface of depressible member 14, so that when member 14 is pressed
downwardly, propellant gas flows up the aerosol valve stem into bridge
channel 15 as shown by the arrow in Fig. 3. When gas is released from
aerosol container 12, it flows forwardly along the internal channel 15 to
an inlet of a nozzle insert 30 contained within the bridge 13. The outlet
of a venturi constriction within nozzle insert 30 draws product into the
bridge 13 from product container 11. the -bridge portion over the product
container having screw threads to nest with screw threads on the top of
container 11. One end 17a of a tube 17 extends nearly to the bottom of
container 11, and the other end 17b of tube 17 surrounds a tubular part
WO 99/434a1 - g _ Z v AUG 2002 PCT/US99/03005 18 of bridge 13 which part 18
has an internal channel providing a flow path for product into the bridge
and ultimately to a position adjacent the venturi constriction outlet. The
outlet of the venturi constriction with its reduced pressure creates a
vacuum, and the air pressure over the liquid in container 11 forces product
from container 11 up tube 17 into the bridge. The product and propellant
gas are 



mixed and exit sprayer 10 as a spray. Referring now to Figs. 4-8, the novel
molded plastic nozzle insert 30 is illustrated, also including its
particular interrelationship with bridge 13 as shown in Fig. 4. These
structures will first be described, followed by a description of the more
critical aspects thereof. Nozzle insert 30 extending along its central
longitudinal axis has a rearward portion 31 containing channel 32 leading
forwardly toward the venturi constriction, and forward portion 33
containing an expansion chamber 34. Intermediate portion 35 of nozzle
insert 30 contains the venturi constriction and two transverse product
channels 37. Fig. 4 illustrates the nozzle insert 30 contained within the
interconnecting bridge 13 in a forward end opening 38 thereof. Both the
outer surfaces of nozzle insert 30 and the inner surfaces of bridge cad
opening 38 are circular in cross sectional planes perpendicular to the
central longitudinal axis of nozzle insert 30, except as otherwise shown or
described hereinafter in relation to the entrance to product channels 37.
The nozzle insert 30 may be inserted from the forward end of sprayer 10 and
captured by a circumferential   Z ~1 AUG 2002 wo 99u3aa ~ PCTItJS99103005 _
g _ bead on the side wall of the opening 38 in the bridge 13. Bridge 13 is
shown in Fig. 4 having the depending tubular part 18 over which is fitted
the end 17b of aforementioned product tube 17 extending into container 11.
Product flows up tube 17 and into the cylindrical space 39 within the
bridge surrounding the nozzle insert 30. From this cylindrical space 39,
product flows into the two diametrically opposite product channels 37,
further described below, extending to the interior of the nozzle insert 30.
This flow of product is shown by the arrows in Fig. 4. Frustoconical
surface 40 of bridge 13 serves to assist in directing the product flow
inwardly toward product channels 37. Cylindrical channel 32 of nozzle
insert 30 is of course in axial communication with internal gas channel 15
of bridge 13. Referring now to Figs 5-8 illustrating the nozzle insert 30
per se, it will be observed that cylindrical channel 32 extends forwardly
to converging channel 50 and narrowed terminal cylindrical channel 51
forming the venturi constriction and having a circular constriction outlet
orifice 52. The diameter of the constriction outlet orifice 52 for the gas
propellant from container 12 is significantly smaller than the diameter of
cylindrical expansion chamber 34, as will be hereinafter discussed.
Further, the forward end of channel 51 is spaced a particular distance is
the longitudinal 'direction from the circular edge 53 of forward portion 33
surrounding expansion chamber 34, also as further discussed below.   21 AUG
2001 WO 99I43441 PCT/US99/03005 - 10  



It will be noted that the two product channels 37 extend generally
laterally inwardly toward the longitudinal axis of nozzle insert 30.
Product channels 37 extend longitudinally in a forward direction from gas
outlet 52 to forward portion 33 of nozzle insert 30, and extend
longitudinally in a rearward direction from gas outlet 52 to significantly
overlap the venturi constriction and its outlet. This amount of overlap is
approximately half the longitudinal span of the product openings 37 in the
embodiment shown. The forward surfaces 54 of the product openings 37 extend
inwardly and rearwardly as shown in Figs. 5 and 6. The rearward surfaces 55
of product openings 37 extend forwardly and inwardly as shown in Figs. 5
and 6. Frustoconical or otherwise smoothly tapering surface 56 that
surrounds channel 51 also serves as an inwardly and forwardly directed
continuation surface of rearward surfaces 55 of the product openings 37,
serving to smoothly direct the product flow inwardly and forwardly to mix
with the propellant in expansion chamber 34. Further referring to product
openings reference is made to Fig. 6. Each product opening 37 at its outer
opening is in part circular (in the longitudinal direction) and in part
rectangular (in the transverse direction), the latter aspect to provide for
a larger product flow than would be available with a fully circular opening
for the same given longitudinal direction. Fig. 7 provides a further view
of product channels 37 extending into nozzle unit 30, and Fig. 8
illustrates the front end exit of nozzle insert 30.   21 AUG 2002 W O
99/43441 PCT/1JS99/03005 - 11  Fig. 5 illustrates an alternative form of
liquid sprayer, having an aerosol propellant container 60 screwed onto
liquid container 61 containing the product to be sprayed. Actuating button
62 when pressed downwardly serves to actuate the sprayer and is shown in
enlarged detail in Fig. 10. Tube 63 carries liquid product up through the
tube extending upwardly through container 60 to exit the upwardly extending
central portion 64a of the aerosol valve stem 64 into the button 62, the
button having a central opening 65 fitting over the upwardly extending
central portion of 64a. The valve stem 64 also has three peripheral
orifices 66 spaced one hundred and twenty degrees around the circumference
of the valve stem 64 and exiting below portion 64a, one such orifice being
shown in the cross-section of Fig. 10. Orifices 66 are valued by a
conventional aerosol valve to the propellant in propellant container 60
when the valve stem is depressed by button 62. Also contained within button
62 in its end opening 67 is the identical nozzle insert 30 of Figs. 5 - 8
described above. When button 62 is depress'e'd; the product flows into
cylindrical space 68 surrounding the nozzle insert 30, and propellant flows
up circumferentially extending channel 69 in button 62 overlapping orifices
66 and into the rearward end of nozzle insert 30. The nozzle insert
functions exactly as described above in relation to Figures 4 - 8. Similar
systems have been previously used as generally shown in Fig. 9, obtaining
product to propellant ratios of the order of five or six to one for a
product of water viscosity. However, the sprayer of Figs. 9 - 10 having the
nozzle insert 30 of Figs.   W O 99l43441 2 i AUG 200Z PCT/1JS99/03005 - 12
4 - 8 and the button internal configuration of Fig. 10 has obtained product
to propellant ratios of approximately nine to one for a product of water
viscosity. A number of elements of the above description and drawings are
believed to be significant in obtaining the remarkable product to
propellant ratios obtained in the present invention. Referring to Figs. 4 -
8, it is presently believed to be important that: 



(a) The longitudinal space from gas outlet orifice 52 extending forwardly
to the entrance to expansion chamber 34, beginning at circular edge 53,
needs to be dimensioned such that the outer circumference of the expansion
cone of propellant gas exiting orifice 52 essentially remains less than or
equal to the circumference of circular edge 53 until the gas has passed
forwardly into the expansion chamber 34. This is shown diagrammatically in
dotted line in Fig. 5. If this cone circumference becomes greater than this
before its forward travel reaches circular edge 53, the high speed gas will
pass in part back up into transverse product channels 37 to create eddy
currents and lower the vacuum created by the venturi constriction. This of
course will lower the product to propellant ratios desired. (b) Gas outlet
orifice 52 should have a significantly - smaller diameter than the diameter
of expansion chamber 34, both to allow for expansion and mixing and further
to assure. in conjunction with the longitudinal space discussed in (a)
above, that the circumference of the gas   2 ~ AUG 2002 WO 99/d3441
PCT/US99/03005 - 13  expansion cone does not significantly exceed the
diameter of circular edge 53. Further, gas outlet orifice 52 should be
sized in relation to the diameter of expansion chamber 34 and product
channels 37 to obtain the desired product to propellant ratios. (c) A
significant amount of longitudinal overlap of transverse product channels
37, rearwardly from circular outlet orifice 52, is needed. As discussed
above) this overlap is approximately half the longitudinal span of the
product openings 37 in the embodiment described. (d) The rearward surfaces
55 of the product openings 37, and the frustoconical surface 56 surrounding
channel 51, should provide a smooth product flow through the product
openings 37 and into the gas flow from gas outlet orifice 52. Sharp
protruding edges along surfaces 55 and 56 may result in eddy currents in
the product flow, resulting in a decrease in the desired product to
propellant ratio. The frustoconical surface 56 should terminate in the
forward direction at leading edge 57 having a diameter less than that of
the diameter of circular edge 53 of expansion chamber 34, to flow the
product from product channels 37 down into the gas stream exiting gas
outlet orifice 52. (e) The product channels 37 should be of a sufficient
size to achieve the desired product to propellant ratios . The product
openings can be enlarged as shows in Fig. 6 to have both circular and
rectangular components as earlier described above. More product flow can
then be   2 i AUG 2002 WO 99I43441 - 14  PCT/1JS99103005 obtained for a
given longitudinal dimension of product channels 37, and a larger diameter
product tube 17 can be used. Product tube 17 has as outer diameter of .158
inches in the embodiment here described. 



(f) The longitudinal length of expansion chamber 34 needs to be
sufficiently long so as to obtain proper expansion and mixing of the
product and gas and also sufficiently long so as not to adversely affect
the desired vacuum at product channels 37. However, the expansion chamber
34 should not be so long so as to create frictional back pressure resulting
in less desirable spraying characteristics. (g) The diameter of inlet 32 to
the nozzle insert 30 needs to be sized in relation to the remaining
diameters in the nozzle insert in order to obtain the desired product to
propellant ratios. The dimensions of a nozzle insert for a particular
embodiment are set forth below. However, it should be understood that these
dimensions may vary for embodiments constructed to spray products of
varying viscosities and other characteristics. As can be seen, however,
these dimensions are interrelated. It is presently believed that different
dimensions for the orifices of the nozzle insert 30 described above will
remain in substantially constant ratios with each other according to their
respective areas. Likewise, the length of the expansion chamber 34 will
probably vary in proportion to the orifice areas.   W O 99/434.t 1 - 15  2
~ AUG 2002 PCT/US99/03005 Dimensions of An Embodiment Of Nozzle Insert 30:
Diameter of Channel 32: .030 inches Diameter of Orifice 52; .0l2 inches
Diameter of Expansion Chamber 34: .032 inches Longitudinal Dimension of
Each Channel 37: .040 inches Transverse Dimension of Each Channel 37: .050
inches (at diameter) Length of Nozzle Insert 30: .369 inches Length of
Channel 32: .212 inches Length of Channel 50: .066 inches Length of Channel
51: .018 inches Length of Expansion Chamber 34: .049 inches 



Maximum Outer Diameter Forward Portion 33: .185 inches Outer Diameter
Rearward Portion 31: .095 inches Angle of Surface 56 to Longitudinal Axis:
17 degrees Angle of Surfaces 55 to Transverse Axis: 11 degrees Longitudinal
Distance Edge 57 to Edge 53: .016 inches In the above embodiment of the
present invention, as shown in the drawings and described, the design of
the,nnzzle insert 30 combined with the tight fitting positioning thereof
within bridge 13 or button 62, results in high vacuums being established at
the transverse product channels 37 of the order of 40-50 centimeters of
mercury, for example. The vacuum, combined with the other aforedescribed
significant design -features, results in remarkable product to propellant
ratios of the order of approximately thirteen to one for products having
the viscosity of water. This ratio is well in excess of that found in
currently available paint sprayers and the   2 ~ AUG 2002 WO 99143441 PCT/U
S99/03005 - 16  like. Further, vinyl and enamel paints can be
satisfactorily sprayed with sprayers of the present invention. It will be
appreciated by persons skilled in the art that variations and/or
modifications may be made to the present invention without departing from
the spirit and scope of the invention. The present embodiment is,
therefore, to be considered as illustrative and not restrictive.   W O
99l43441 - 17  What is claimed is: 2 '1 AUG 2002 PCT/US99/03005 (1) A
liquid sprayer, comprising in combination a container for a liquid product
to be sprayed, a valued container containing propellant, and an
interconnecting bridge member for physically connecting the two containers
in side by side relation; said bridge member having first means at a first
end for attachment to the propellant container and second means at a second
end for attachment to the product container; said bridge member having an
enclosed channel to convey propellant from the first end to the second end
of the bridge when the valued propellant container is actuated; a product
opening extending into the bridge interior adjacent its second end for
liquid product to flow into the bridge from the product container; a nozzle
insert positioned interiorly of the bridge within a bridge opening at the
second end of the bridge; said nozzle insert having a rearward portion, an
intermediate portion and a forward portion; said nozzle insert rearward
portion containing a channel in fluid communication With said bridge
enclosed channel; said nozzle insert intermediate portion containing a
venturi constriction with an outlet orifice from which propellant may exit
and at least two product channels adjacent the venturi constriction and
extending substantially transverse to the longitudinal axis of the nozzle
insert; said nozzle insert forward portion -containing an expansion chamber
having an entrance diameter which is significantly larger than the diameter
of the venturi constriction outlet orifice, and said expansion chamber
having a length sufficient to not substantially disrupt the vacuum 



WO 99I43441 - 1B  2 '1 AUG 2002 PC'T/US99/03005 established by the venturi
constriction outlet at the transverse product channels; an interior bridge
space extending about the intermediate portion of the nozzle insert and in
fluid communication with both the product opening extending into the bridge
and the at least two transverse product channels; said nozzle insert
transverse product channels extending longitudinally forward of said
venturi constriction and extending longitudinally reaxwardly to
longitudinally overlap said venturi constriction; said venturi constriction
outlet being surrounded by an outer smoothly tapering surface having its
smaller diameter in the forward direction and its larger diameter in the
rearward direction; the smaller forward outer diameter of the tapering
surface being less than the entrance diameter of the expansion chamber; the
transverse product channels having rearward surfaces that extend to the
larger diameter of said tapering surface, said rearward surfaces and said
tapering surface characterized by an absence of protruding surfaces so as
to provide for smooth product flo~-th r along; said venturi constriction
outlet being longitudinally spaced from the entrance to the expansion
chamber such that the circumference of the envelope of a cone of propellant
gas exiting the venturi constriction outlet remains substantially equal to
or less than the circumference of the expansion chamber at its entrance
until the cone enters the expansion chamber.   21 AUG 2002 WO 99l43441
PCT/U S99/03005 - 19  (2) The invention of claim (1), wherein said nozzle
insert transverse product channels longitudinally overlap said venturi
constriction by approximately half the longitudinal dimension of the
product channels. (3) The invention of claim (1), wherein the said outer
tapering surface surrounding the venturi constriction outlet is a
frustoconical surface. (4) The invention of claim (1), Wherein said nozzle
insert is a unitary member. (5) The invention of claim (1), wherein said
transverse product chancels each have an area substantially greater than
the area of the venturi constriction outlet orifice. (6) The invention of
claim (1), wherein sprayed product to propellant ratios of approximately
thirteen to one are obtained for products.CZf the viscosity of water. (7)
The invention of claim (1), wherein each said transverse product channel
has an outer opening of a shape having both curved and linear components. 



(8) The invention of claim (1), wherein the entrance diameter of the
expansion chamber opening and the diameter of the venturi constriction
outlet orifice are respectively approximately .032 inches and .012 inches
or multiples   21 AUG 2002 WO 99I43441 PCT/US99/03005 - 20  thereof, the
expansion chamber opening and the venturi constriction outlet orifice
having areas in a ratio of approximately seven to one. (9) A liquid
sprayer. comprising in combination a first container for a liquid product
to be sprayed and a second container containing propellant, said second
container being attachable to the top of said first container; a valve stem
and an actuating button mounted thereon at the top of the second container;
said valve stem having a liquid product flow channel and a propellant
channel, said propellant channel being valued to said propellant when the
button is actuated; tube means for extending into the first container and
extending upwardly through the second container to said valve stem; a
product opening extending into the button interior for liquid product to
flow into the button from the valve stem; a propellant opening extending
into the button interior for propellant to flow into the button from the
valve stem; a nozzle insert positioned interiorly of the button within an
opening in the button; said nozzle insert having a rearward portion, an
intermediate portion and a forward portion; said nozzle insert rearward
portion containing a channel in fluid communication with said propellant
channel; said nozzle insert intermediate portion containing a venturi
constriction with an outlet orifice from which propellant may exit and at
least two product channels adjacent the venturi constriction and extending
substantially transverse to the longitudinal axis of the nozzle insert;
said nozzle insert forward portion   WO 99/t3441 - 21  21 AUG 2002 PCT/U
S99/03005 containing an expansion chamber having an entrance diameter which
is significantly larger than the diameter of the venturi constriction
outlet, and said expansion chamber having a length sufficient to not
substantially disrupt the vacuum established by the venturi constriction
outlet at the transverse product channels; an interior button space
extending about the intermediate portion of the nozzle insert and in fluid
communication with both the product opening extending into the button and
the at least two transverse product channels: said nozzle insert transverse
product channels extending longitudinally forward of said venturi
constriction and extending longitudinally rearwardly to longitudinally
overlap said venturi constriction: said venturi constriction outlet being
surrounded by an outer smoothly tapering surface having its smaller
diameter in the forward direction and its larger diameter in the rearward
direction; the smaller forward outer diameter of the tapering surface being
less than the entrance diameter of the expansion chamber; the trana~erse
product channels having rearward surfaces that extend to the larger
diameter of said tapering surface, said rearward surfaces and said tapering
surface characterized by an absence of protruding surfaces so as to provide
for smooth product flow therealong; said venturi constriction outlet being
longitudinally spaced from the ~eatraace to the expansion chamber such that
the circumference of the envelope of a cone of propellant gas exiting the
Z ~ AUG Z002 WO 99143441 PCTNS99103005 - 22  



venturi constriction outlet remains substantially equal to or less than the
circumference of the expansion chamber at its entrance until the cone
enters the expansion chamber. (10) The invention of claim (9), wherein said
nozzle insert transverse product channels longitudinally overlap said
venturi constriction by approximately half the longitudinal dimension of
the product channels. (11) The invention of claim (9), wherein the said
outer tapering surface surrounding the venturi constriction outlet is a
frustoconical surface. (12) The invention of claim (9), wherein said nozzle
insert is a unitary member. (13) The invention of claim (9), wherein said
transverse product channels each have an area substantially greater than
the area of the_ venturi constriction outlet orifice. (14) The invention of
claim (9), wherein sprayed product to propellant ratiae of approximately
nine to one are obtained for products of the viscosity of water. (15) The
invention of claim (9), wherein each said transverse product channel has an
outer opening of a shape having both curved and linear components.   2'1
AUG 2002 WO 99/4344I PCT/US99/03005 



- 23  (16) The invention of claim (9), wherein the entrance diameter of the
expansion chamber opening and the diameter of the venturi constriction
outlet orifice are respectively approximately .032 inches and .012 inches
or multiples thereof, the expansion chamber opening and the venturi
constriction outlet orifice having areas in a ratio of approximately seven
to one.   Z 1 AUG 2002 -24 (17) For use with a liquid sprayer, comprising
in combination a container for a liquid product to be sprayed, a valued
container containing propellant, and an interconnecting bridge member for
physically connecting the two containers in side by side relation, an
improved bridge member comprising a first means at a first end for
attachment to the propellant container and second means at a second end for
attachment to the product container; said bridge member having an enclosed
channel to convey propellant from the first end to the second end of the
bridge when the valued propellant container is actuated; a product opening
extending into the bridge interior adjacent its second end for liquid
product to flow into the bridge from the product container; a nozzle insert
positioned interiorly of the bridge within a bridge opening at the second
end of the bridge; said nozzle insert having a rearward portion, an
intermediate portion and a forward portion; said nozzle insert rearward
portion containing a channel in fluid communication with said bridge
enclosed channel; said nozzle insert intex~ediate portion containing a
venturi constriction with an outlet orifice from which propellant may exit
and at least two product channels adjacent the venturi constriction and
extending substantially transverse to the longitudinal axis of the nozzle
insert; said nozzle insert fon~rard portion containing an expansion chamber
having an entrance diameter which is significantly larger than the diameter
of the venturi constriction outlet orifice, and said   2 i AUG 2002 -25
expansion chamber having a length sufficient to not substantially disrupt
the vacuum established by the venturi constriction outlet ~t the
tr~na~,rarep product char~,ele; '~cn '!nterior bridge HpcCe extending about
the intermediate portion of the nozzle insert and in fluid communication
with both the product opening extending into the bridge and the at least
two transverse product channels; said nozzle insert transverse product
channels extending longitudinally forward of said venturi constriction and
extending longitudinally rearwardly to longitudinally overlap said venturi
constriction; said venturi constriction outlet being surrounded by an outer
smoothly tapering surface having its smaller diameter in the forward
direction and its larger diameter in the rearward direction; the smaller
forward outer diameter of the tapering surface being less than the entrance
diameter of the expansion chamber; the transverse product channels having
rearward surfaces that ex tend to the larger diameter of said tapering
surface, said rearward surfaces and said tapering surface characterized by
an absence of protruding surfaces so as to provide for smooth product flow
therealong; said venturi constriction outlet being ' longitudinally spaced
from the entrance to the expansion chamber such that the circumference of
the envelope of a cone of propellant gas exiting the venturi constriction
outlet remains substantially equal to or less than the circumference of the
expansion chamber at its entrance until the cone enters the expansion
chamber. (18) The invention of claim (17), wherein said nozzle insert   2 ~
au~ 2002 6_ 



tranflverse product channels lbngitudinally ovsilap said venturi
constriction vy approximately half the longitudinal dimension of the
product chan_nel8. (19) The invention of claim(i7), wherein the said outer
tapering surface surrounding~the venturi constriction outlet is a
frustoconical surface. (2U) The invention of claim (1~), wherein said
nozzle insert His a unitary member. (21) The invention of claim (17),
wherein said transverse product channels each have an area substantially
greater than the area of the venturi constriction outlet orifice. (22) The
invention of claim (1~)) wherein sprayed product to propellant ratios of
approximately thirteen to one are obtained f or products of the viscosity
of water. (23) The invention of claim (21'), wherein each said transverse
product channel has an outer opening of a shape having both curved and
linear components. (24) The invention of claim (1~), wherein the entrance
diameter of the expansion chamber opening and the diameter of the venturi
constriction outlet orifice are respectively approximately .032 inches and
.012 inches or multiples thereof, the expansion chamber opening and the
venturi constriction outlet orifice having areas in a ratio of
approximately seven to one. .A&H y.Af .A@l2 .AF.A.ASn.AF 



.A .F.Afn.A.Al FL.A .A 2 .ASF .A@ .AHl..A  .A h.A,3.AS3.ASFl .A,R.A
A..Ar.AYL.AY9+-01Wm+/0FE2) ; R}wrlga[UU]caU]caU]ca]caU]ca]caU]ca]c
aU]ca]cRa]ca]caU]ca]caU]ca]caU]ca]ca]ca]ca]c^a]c^a]c^a]ca]c^aU]ca]c<aU]ca]c
a]ca]caRUags%,5!58VZcf}xrmgb\WQU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]c
a]caU]ca]caU]ca]caU]ca U]c^a]c^a
U]c^aU]caU]caU]caU]ca]ca]ca]caU]ca]ca03nrY\gs,-|wqlf`ZTU]U]caU]caU]caU]ca]c
aU]ca]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]caU]ca]caU]ca]caU]ca]ca]ca]
caU]ca]caU]ca]ca-DEwxysmga[UOlf`ZU]caU]caU]caU]caU]caU]caU]caU]caU]ca]ca]ca
U]ca]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]ca
n q
!!?#@#K##$$G%a%c%&&&"&.&=&&&c'(M({vpjd^XSlf`ZU]c]caU]caU]caU]caU]caU]ca]ca]
ca]ca]caU]caU]ca
U]c^aU]caU]caU]caU]caU]caU]caU]ca]ca]caU]ca]ca]caU]ca]caU]ca
U]c^aU]caM((()))$*)*****K+L+}+2,,,,,,,,,s-u-----;
.w.ztnhb\WQlf`ZU]U]ca]caU]caU]caU]caU]caU]caU]ca]ca]ca]caU]ca]caU]ca]caU]ca
U]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caw....//'0+0,0000W1Z
1_1f111223333)353E3K355t6}xsnid_ZUlf`ZU]U]c]ca]ca]ca]ca]ca]ca]ca]caU]caU]ca
U]caU]caU]caU]caU]caU]caU]ca]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]caU]caU
]cat6666P7Q77788A9M9h9j9m9o9999::^:a:r:v:::::::X;
|vqkf`ZTU]U]U]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca]caU]
ca]caU]ca]ca]caU]caU]caU]ca]ca]ca]ca]ca]caU]caX;^;
;;;;;;;;;;;;<<<!<A<C<P<Q<<<<<==="=T=U=~xrlga\VPUU]caU]ca]caU]ca]caU]caU]caU
]ca]caU]caU]caU]ca]caU]caU]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]caU]ca]caU]c
a]caU]ca]caU=Z=]=u=x========??????@@KCCCCDDDDOEQEE(Fysmga\VPUU]caU]ca]caU]c
aU]caU]caU]caU]ca]caU]caU]caU]caU]caU]ca]ca]caU]ca]ca]caU]ca]caU]caU]ca]caU
]ca]caU]ca]caU]ca]caU]ca(F*FRFUFbFoFFF@HDHiHjHIIIIJJJLKOK~KfLsLLLLLLMMM}xrm
ga\VUU]caU]ca]caU]caU]ca]caU]ca]caU]ca]ca]caU]caU]caU]caU]caU]ca]caU]caU]ca
U]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caMM7NnNNN>P?PNQQQQ+RbReRrR~RRR:ScST
UVVVV
WWXX*X|vpjd^YSmga\VUU]U]ca]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]ca]ca
]ca]ca]caU]caU]caU]ca]caU]caU]caU]caU]caU]caU]ca]caU]caU]ca*X1X>XMX|XnYYYY]
]]]`^^^|_~_______aaGbb;
c,dkddTe{vpkf`[UU]U]ca]caU]ca]ca]caU]ca]ca]ca]caU]ca]ca]ca]ca]ca]caU]ca]ca]
ca]ca]ca]ca]ca]caU]ca]caU]ca]caU]ca U]c^a]ca]ca]ca
Teefff"f$f2fBfkklll!l#lWlllmm,mimmmm nnnnoo}wrlfa[Tkf`[UU
U]c^aU]ca]caU]caU]ca]caU]ca]ca]ca]caU]ca]caU]ca]caU]caU]ca]caU]ca]caU]ca]ca
]caU]caU]ca]ca]caU]ca]caU]ca]ca]cao$oVoooogpppppppp=qYqjs_ttvvwww 



ww&wx1y}}$}}xsmgb\WRkf`[U]ca]caU]ca]caU]caU]ca]ca]caU]ca]caU]ca]caU]ca]caU]
caU]caU]caU]ca]caU]ca]caU]ca]ca]caU]caU]caU]caU]caU]ca]caU]ca$}>}@}C}E}}}}*
~i~~~=YW*e}wrmgb\WQgb\WRkf`U]ca]caU]ca]caU]ca]ca]caU]caU]caU]caU]caU]caU]ca
U]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]ca]caU]ca/24?DvZgl
3CJu Kb0F0|wrmhc^Y]ca]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]caU]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]caU]ca 0p3jl3CJu
Kb0F0|wrmhc^Y]ca]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]caU]ca]caU]ca]caU]ca]ca]ca]ca]ca]c]ca]ca]ca]ca]ca]ca]ca+01Wo+a?!
10%""&'()- 10%&'()-&,10%"&'()-Y:10%"&'()-L-10%K&'()-!IS&
*10%#"#"&'()-+H2aB7 10"
9<10%"&'()-s510%"&'()-9(10%"&'()-g#10%"&'()-Z!10%""&'()-3 10%#&'()-3  gH
10"y 10%&'()--2!y 10%RKRK&'()--2% 10%&'()-L!`% 10%55&'()-Lf 10%&'()- 10"
10" RSTUaguS4 y 10%&'()-!%l 10%&'()-Sg10%&'()-@310%&'()- 10 10 10!y
10%&'()--27~YZ^<.4 10!&z 10%&'()-m!&z 10%&'()-m&z 10%&'()-m10%&'()- f
10%&'()-! y 10%&'()-Z[\gha?4 10!!@ 10%BB&'()-@2@ 10%B&'()-@2!@
10%mm&'()-@2!#%F10%BB&'()-@310%B&'()- 10 10uS4 10`@ 10%M&'()-G"!%
10%MM&'()-9@f10%M&'()- 10%M&'()- 10BB 



10BB 10BB!@ 10%BB&'()-@2f   wU3uS4 10!, 10%88&'()-!`, 10%MM&'()-!,
10%&'()-!`@ 10%MM&'()-G"!`@ 10%MM&'()-G"!`@ 10%MM&'()-G"      !!!xV4 10!!@
10%&'()-z)!@ 10%&'()-z)%9S10%&'()-S&310%&'()-`(10%&'()- 1088 1088
1088!T"""K##d$wU3xV4 10!@ 10%&'()-z)!@ 10%&'()-z)!@ 10%&'()-z)!@
10%&'()-z)!@ 10%&'()-z)!@ 10%&'()-z)d$G%c%&&&&&"&rS1
1!fS10%BB&'()-310%B&'()- 10 10 10!1f 10%&'()-91f 10%&'()-9!@
10%&'()-z)"&=&c'M()$**aBrS1
1!fS10l%10%B&'()-t#10%B&'()-f10%B&'()-SF10%B&'()-:Y 10%B&'()-!
%Fl10%BB&'()-@*}+2,,,,,,,~_@ 1!fS1yg10% U&'()- F10% U&'()- 10B 10B
10B9,510%B&'()-/10%B&'()-G!l%10%BB&'()-t,,-w..//^?~_@ 1!fS 10% &'()-G!@ 10%



U U&'()-@ 10% &'()- 10% U&'()-myY@ 10% U&'()-'!F%F 10% U
U&'()-S/'0011133}^?4@ 1! 10 U0 10% U&'()-3.10% U&'()-!9' 10% U U&'()-9' 10%
&'()-! 10% U&'()-F! 10% U U&'()-G333)353E3K3t6mN@ 1! 10 U0 1Y
10%&'()-.f10%&'()-F%S10%&'()-f310%&'()-`(10%&'()- 



10 U 10 Ut68>9?9@9A9h9o9oM@ 1! 10 U0 !f)10%$ $ &'()-!I)10%&'()- 10** 10**
10**!Y 10%**&'()-.!Y 10%&'()-.o99==?????}rg\= 1! 10 U'F10%&'()-  10` 10`
10`(f 10%`&'()-!yz 10%LL&'()-yz 10%`&'()-!)10%PP&'()-????KCCCaBg\= 1! 10 U 



L$z10%&'()- "m10%&'()-! z 10%&'()-L10%&'()-$S10%&'()-l
G10%&'()-CERFSFTFUFbFFF_= 1! 10 U!@f 10%ww&'()-,2!$10%4|4|&'()-  10%4|&'()-
10 10 10,5- 10%&'()- &S 10%&'()-F&G%HGKcLdLeLfLzl^P= 1! 10 U!@f 10% 10||
10|| 10||!@f 10%||&'()-,2!@f 10%||&'()-,2!@f 10%4|4|&'()-,2@f
10%4|&'()-,2fLLLLMNNQz[<P= 1! 10 ,10%4|&'()-%,10%4|&'()-%,10%4|&'()-%![
4"10%&'()- 



!H 4"10%|z|z&'()- ! 4"10%4|4|&'()- NQQQ+RbRcRdReRrRuj_@ 1! 10 'F10%&'()-
104| 104| 104|6@10%4|&'()-5-10%4|&'()-93-10%4|&'()-!/
10%||&'()-rR~RRR:ScSTdEj_@ 1! 10 yS10%&'()-zy
10%&'()-ffS10%&'()-ZY%z10%&'()-S10%&'()-S 10%&'()-TTUUVVVV}^?j_@ 1! 10
&)10%&'()-z3(10%&'()-!&"10%&'()-3!&"10%00&'()-3@10%&'()-@10%&'()-V
WWXXXX*X1XbC 1! 10 



y10%&'()-@10%&'()- 10 10 10L9610%&'()-,/
10%&'()-9s-10%&'()-1X>XMXXXdYnYa?bC 1! 10
!9SF10%&'()-zSF10%&'()-zSF10%a&'()-zSF10%&'()-zl% 10%&'()-!l%
10%dd&'()-nYY(Zc[]]]]]zodY: 1! 10(lw10%\&'()- 10 10 10- 10%&'()-#!-
10%dd&'()-#!- 10%d&d&&'()-#!- 10%VV&'()-#]]`^^^y_z_{_|_}^SH= 1! 10 10\ 10\
10\@ 10%\&'()-FS 10%\&'()- S,10%\&'()-!M*10%&'()-!M*10%&'()-|_____aa^?SH=
1! 10 @10%B&'()-!10%BB&'()-F !$ 10%BB&'()-fyF  



10%B&'()-10%B&'()-F10%B&'()-a;ckdefffffxmbC 1! 10  L310% U&'()- 10B 10B
10BL510%B&'()-S,10%B&'()-#10%B&'()-10%B&'()-f$fBfkkkkl#l~\: 1! 10!L,3!10%
&'()-!,3!10%&'()- 10 U 10 U 10 Uf 10% U&'()- +!Y%s10% U U&'()-@10%
U&'()-#lWllimmmm}^?~\: 



1! 10!3T10%&'()-f-10%&'()-z10%&'()-!Y 10%&'()-&@ 10%&'()-m![,3!10%//&'()-m
nn$oVoooaB~\: 1! 10!& .10%&'()-&f,10%&'()-*-10%&'()-!#10%&'()-Fs
10%&'()-y-10%&'()-oogppppppp~\: 1! 10!S3!10%ii&'()-!S3!10%&'()- 10 10
10L610%&'()-9s3 10%&'()-!+1@ 10%&'()-p=qYqjstvvvvaVK@ 1! 10! 10 10
10&`'10%&'()-10%&'()-!10%&'()-10%&'()-S3!10%I&'()-vw w&w}}}}>}uj_= 1!
10!!`,`!10%&'()- 10 10 10y 10%&'()-,!%F10%&'()-z@10%&'()-S
10%&'()->}E}}}}*~i~aBj_= 1! 



10!! 10%&'()-S-10%&'()- 310%&'()-
10%&'()-,`!10%&'()-!4,`!10%hh&'()-i~~~=YdEj_= 1!
10!!910%&'()-S10%&'()-10%&'()-,,10%&'()-10%&'()- 10%&'()-W*dBj_= 1! 10!!!,,
10%&'()-,, 10%&'()-s*10%&'()-3%10%&'()-yf#10%&'()-T10%&'()-*e~\: 1! 10!V
`!10%vIvI&'()-! `!10%&'()-! `!10% h h&'()- 10 10
10&510%&'()-m99310%&'()-/012?DvbC 1! 10!V@10%/&'()-310%/&'()-F(10%/&'()-
10 h 10 h 10 h`10% h&'()-fs 10% h&'()-vWXYZgl2u_@ 1!
10!V@&10%H&'()-$!@&10%HH&'()-$10%H&'()-'Y10%H&'()-3 



10 10 10sM$10%&'()-+uy uS4 1!@#10%&'()-!@10%&'()-0 (10%&'()- 109H9H 109H9H
109H9H!9Y+#10%9H9H&'()-  Y+#10%&'()-   Kb0dEuS4 1!@#10 10%&'()-LM10%&'()-Y
&$10%&'()-S10%&'()-`10%&'()-Y#10%&'()-0F0pdEuS4 1!@#10l-#10%&'()-f-
10%&'()- 10%&'()-9$10%&'()-10%&'()-Y 10%&'()-p3jdEuS4
1!@#10L'M$10%&'()-@@%10%&'()-# 10%&'()-!:$10%&'()-,10%&'()- 910%&'()-
Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"
"Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Default Paragraph FontT[#)0@6<TCeIdOUZ{\chmsz~1YR-M(w.t6X;
U=(FM*XTeo$}0efghijklmnopqrstuv+ Z
!d$"&*,/3t6o9?CFfLNQrRTV1XnY]|_af#lmopv>}i~*vu 0pwxyz{|}~6Times New
RomanArialCourier New"h Root EntryWordDocumentTQ
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


