
2 7 MAY 2004 WO 01/45798 PCT/USOO/34989 5 DISPENSING HEAD FOR A SQUEEZE
DISPENSER FIELD OF THE INVENTION This invention relates to a dispensing
head for a  dispenser which is pressurized by squeezing the sides of the
10 container. More particularly, the invention is directed to a dispensing
head in which air and liquid are mixed to produce a  fine spray, and in
which there is a push-pull type valve  arrangement for sealing off the
dispensed liquid from the  atmosphere when the dispenser is not in use. 15
BACKGROUND OF THE INVENTION Although squeeze bottle types sprayers have
been used for  many years, such sprayers were largely replaced for a long
period of time by pressurized can dispensing systems. One 20 squeeze bottle
dispenser which has come into use as a  substitute for pressurized cans is
described in U.S. Patent  Nos. 5,183,186 and 5,318,205. These patents show
a squeeze  bottle dispenser in which an air passageway and a product
(i.e., fluent material) passageway meet in a tapered mixing 25 chamber. In
the device of that invention, the tapering of the  mixing chamber direct
the air flow at an angle to the flow of  liquid, resulting in turbulence in
the liquid in the mixing  chamber. This turbulence breaks the liquid up and
intimately  mixes it with the air. As a result, a fine spray is propelled
30 out of the orifice The disadvantage of this invention is that it
requires  the use of a relatively expensive ball valve for the liquid
outlet, and liquid will leak out of the dispenser when the  bottle is
inverted, because the air path is completely open to 35 fluid flow.
Furthermore, in this arrangement, the outlet  orifice and the air vent path
allow air to be in continuous  contact with the liquid to be dispensed.
This can result in 



2 7 MAY 2004  WO 01/45798 PCT/US00/34989 drying of the liquid substance--a
disadvantageous result which  can clog the outlet orifice and prevent
proper spraying. Another patent relating to squeeze bottles is U.S. Patent
No. 5,273,191. That patent also describes a squeeze bottle using  5 a
tapered mixing chamber for mixing air and liquid- In that .Patent, various
valving arrangements are shown, including valved  gaskets for controlling
the flow of liquid to the mixing chamber  and for controlling the flow of
air to the mixing chamber and  into the squeeze bottle. In addition, that
patent shows a biased 10 valve element which opens and closes the liquid
passage in  response to the pressure in the liquid passage. A dispensing
head for a dispenser with a push-pull type  valve arrangement is disclosed
in U.S. patent application Ser.  No. 09/0'73,615, which is incorporated by
reference. In that 15 invention, a squeeze bottle has a liquid flow path
and an air  flow path. When the bottle is squeezed, liquid is transmitted
through the liquid flow path and pressurized air through the air  flow
path. These two flows meet in a mixing chamber which is  located adjacent
to an outlet orifice. The air and liquid mix 20 to form a fine spray. The
disadvantage of this invention is that  the pull knob is located opposite
the outlet orifice.  Furthermore, this invention allows air to be in
continuous  contact with the liquid to be dispensed. SUMMARY OF THE
INVENTION It is an object of the invention to provide a spray  dispensing
device for use with a non-pressurized container, such  as a squeeze bottle,
which utilizes a push-pull type valve, with  the pull knob located on the
same side as the outlet orifice. 30 It is a further object of the invention
to provide a valve  which prevents the infiltration of air into the
internal passages  of the dispenser. In accordance with the invention, a
spray dispenser is  



provided having a dip tube which can extend into a container,  35 such as a
squeeze bottle, holding a quantity of liquid. The top of the dip tube is
connected to a ball-check valve assembly  having a ball which ordinarily
rests on top of a conduit of 2 7 MAY 2004 WO 01/45798 PCT/US00/34989
restricted diameter. An air passage in the spray dispenser can  connect the
inside of the bottle with a mixing chamber in the  dispenser. A separate
product passage leads from the top of the  ball-check to a mixing chamber
and is directed toward a spray 5 orifice in the mixing chamber. The air
passage is an annular  passageway-which-.is concentrically disposed. around
a portion of  the product passage leading to the mixing chamber. When the
bottle is squeezed, the resulting pressure build  up forces air into the
mixing chamber and liquid up the dip tube.  10 The liquid forces the
ballcheck to open and the liquid is directed toward the mixing chamber.
Simultaneously, air is  forced through the annular air passage. The stream
of air  converges and impinges upon the core stream of liquid when
deflected by tapered walls of the mixing chamber. This causes 15 an
atomization of the liquid and a fine spray is expelled through  the
orifice. As the pressure in the bottle is relieved, the ball drops  down
back onto the conduit of restricted diameter thereby  trapping product in
the dip tube. Thus, the product will be 20 retained in the dip tube at a
high level, above the liquid level  in the bottle, ready for the next
squeeze cycle. In this way,  the lag time which ordinarily occurs prior to
spraying is  eliminated. The product passage is formed in a valve which is
housed in  25 a body of the spray dispenser. The valve may advantageously
be  formed as a push-pull valve which opens and closes the air and  product
passageways. In a closed position of the valve, both the  



product and air passageway are completely closed to the inside  of the
squeeze bottle, thereby preventing air from entering the 30 inside of the
squeeze bottle. The closing off of the passageways  therefore reduces
potential drying of the liquid product in the  squeeze bottle. It is a
further advantage of the push-pull valve of the  present invention that it
may be operated by a knob located on 35 the same side as the outlet
orifice. Consumers are particularly  familiar with valves that operate in
such a manner from such  product dispensers as liquid dish detergent
bottles. 2 7 MAY 2004  WO 01/45798 PCT/US00/34989 It is further object of
this invention to provide an  improved snap on connection for fastening the
spray housing to  a neck of a bottle. In accordance with this object, the
spray  housing is provided with a flexible skirt which extends into an 5
annular groove on the bottle. The annular groove exerts a radial  -force on
the flexible skirt,_ which provides additional locking  power for the snap
on connection. Advantageously, this allows the skirt wall to be made of
thinner material, yet still provide sufficient locking power.  10 Since the
skirt wall can be made of thinner material, the neck can be manufactured
with larger tolerances and the spray housing  can still be mounted over the
neck without requiring excessive  force to push the dispenser housing over
the neck. The larger  tolerances allow the bottles to be made in various
production 15 plants worldwide. Furthermore, because the skirt is combined
within the annular groove, the bottle / spray dispenser  combination is
more tamper resistant than traditional designs. Further objectives and
advantages of the subject invention  will be apparent to those skilled in
the art from the detailed  20 description of the disclosed invention. BRIEF
DESCRIPTION OF THE DRAWINGS Fig. 1 is a cross-sectional view of the
push-pull spray head,  



illustrating the valve in a fully open position. Fig. 2 is a
cross-sectional view of the push-pull spray head,  illustrating the valve
in a fully closed position. 30 Fig. 3 is a cross-sectional view through
line AA in Fig. 1, of  the valve. Fig. 4A, 4B and 4C show an alternative
ball check valve. Fig. 4A  is a front view, Fig. 4B is a side view, and
Fig. 4C is a top  35 view. 2 7 MAY 2004 WO 01/45798 PCT/US00/34989 Fig. 5
is a cross-sectional view of a spray housing retaining  means. DETAILED
DESCRIPTION OF PREFERRED EMBODIMENTS 5 As shown in Fig. 1, the spray
dispensing system of the  present invention includes a squeezable bottle 1
(partially  shown) holding a quantity of liquid or other fluent material.
Squeezable bottle can be made from any suitable resilient plastic  material
known in the art. 10 A spray dispensing device housing or sprayer body 17
is  adapted to be mountable atop a neck 5 of a bottle 1 in any manner
known to those skilled in the art. The spray dispensing device  housing 17
includes a dip tube 3 which is sized so that its  bottom open end is
disposed near the bottom of the bottle when  15 the spray dispensing device
is mounted on the bottle. The top end of dip tube 3 receives a restricted
conduit 6  of a ballcheck valve 7. Restricted conduit 6 communicates with
dip tube 3 so as to allow fluid to pass through. The inner  diameter of
restricted conduit 6 is smaller than the diameter of 20 ball 8 of ballcheck
valve 7 so that ball B ordinarily sits atop  restricted conduit 6. When
ball 8 is in this position, the  ballcheck valve 7 is closed so that the
top end of dip tube 3 is  also closed. The inner diameter of the remainder
of ballcheck  valve 7 is larger than the diameter of ball 8. In this way
ball 



25 8 is free to move upward in response to upward movement of fluid  in the
dip tube to open ballcheck valve 7. The top of ballcheck valve 7 receives a
coaxially disposed  feed tube 9 which allows for the passage of fluid from
restricted  conduit 6 toward valve 10. Feed tube 9 has an inner diameter 30
which is smaller than the diameter of ball 8 so as to limit the  movement
of ball 8 in an upward direction. The end of feed tube  9 includes a series
of circumferentially spaced radial slots 100.  Slots 100 allow the free
flow of fluid through ballcheck valve  7 to the feed tube 9 when the ball 8
moves upwardly in response 35 to the upward movement of fluid- Therefore,
feed tube 9 is  positioned a small distance upward from ball 8 so that ball
8 is  free to move upward to open ballcheck valve 7. 2 7 MAY 2004  WO
01/45798 PCTIUSOO/34989 Figs. 4A and 4B show an alternative construction of
the ball  check valve. In this construction, the inner diameter of the
feed tube 9' is substantially the same as the remainder of  ballcheck valve
7'. A bar 29 is formed across the top of feed 5 tube 9'. Ball 8' is
therefore free to move upward to open the  ballcheck valve 7', but
the-Movement is-limited.. Because the  diameter of the feed tube is larger
than the diameter of ball 8,  product may flow freely past the ball.
Returning to Fig. 1, for simplicity of construction feed tube  10 9 is an
extension of a valve wall 11 of housing 17. Feed tube 9  of valve wall 11
can communicate with a product passageway 12  within valve 10 when valve 10
is in an open position. Valve wall  11 is also provided with an air orifice
13 which communicates  with an annular air passageway 14. As illustrated in
Fig. 1, the 15 annular air passageway 14 is defined as the space between
the  body of slide housing 22 and the spray nozzle 21 so that it is
concentrically disposed around the portion of the product  passageway 12
which leads to the air swirl passages 15 in an  axial horizontal direction.
Valve 10 is slidably received in the 



20 cavity between valve walls 11 and 18 of spray dispenser housing 17.
Valve 10 is constructed from two pieces, spray nozzle 21 and  slide housing
22. Spray nozzle 21 is secured, preferably using  a snap connection, in
slide housing 22. Spray nozzle 21 includes  a pull knob 26 which is grasped
by the user to push and pull the  slide valve 10 in the opening direction 0
and the closing  direction C. Tapered portions 19 and 20 of spray nozzle 21
define a  cavity therebetween which shall be referred to as a mixing  30
chamber 15. The tapered portions 19 and 20 may define a cone. A portion of
the product passageway 12 leads to mixing chamber  15 in a generally
horizontal direction. As illustrated in  FIGS. 1 and 2, the annular air
passageway 14 is concentrically  disposed around the portion of the product
passageway 12 which 35 leads to the mixing chamber 15 in a horizontal
direction.  Tapered portions 19 and 20 terminate before meeting to define
spray orifice 16 of mixing chamber 15. - 6  2 7 MAY 1004 WO 01/45798
PCTIUSOO/34989 The neck 5 of the bottle 1 has an annular ledge 41, and
cooperates with the annular rim 28 on the spray dinser housing  17 to
secure housing 17 to bottle 1 when the housing is pressed  onto the neck of
bottle 1. The housing may be sealed to the 5 bottle by either a plug seal
30 or a gasket arrangement 31, as  known to those skilled in the art.
Alternatively, the cap may be mounted to the bottle in the  manner shown in
Fig. 5. In Fig. 5., the spray housing 17 has a  first annular rim 32 with a
first locking edge 37. The bottle 10 33 has a neck 34. The neck has a
second annular rim 35 with a  second locking ledge 36. The first locking
ledge 37 cooperates  with the second locking ledge 36 to fasten the spray
housing onto  



the bottle. There is an annular groove 38 at the connection  between the
neck 5 and the bottle 1. The skirt 39 of the spray 15 housing extends into
this groove. There is a gasket 40 between  the housing and the rim of the
neck to provide a substantially  fluid tight seal. Alternatively a plug
seal may be utilized to  form the fluid tight seal. To mount the spray
housing on the  bottle, the spray housing 17 is pressed over the neck of
the 20 bottle. The skirt 39 elastically flexes to allow the first  annular
rim 32 to pass over the second annular rim 35. After the  first annular
passes over the second annular rim, the elasticity  of the skirt forces the
second annular rim back toward the neck.  The first and second locking
edges are then positioned together 25 and prevent the cap from being
removed. Additionally, the  flexible skirt 39 extends into the groove 33,
and the shape of  the groove 33 holds the edges of the skirt in place to
provide  more holding power Returning to Fig. 1, slide housing 22 is housed
within the  30 cavity between valve walls 11 and 18 of housing 17. Slide
housing 22 is slidable along its longitudinal axis between a  completely
open position (Fig. 1) and a completely closed  position (Fig. 2) . In the
completely closed position, the  product passageway 12 is not aligned with
the feed tube 9, and 35 air passageway 14 is not aligned with the air
orifice 13. As  illustrated in FIG 2, in the completely closed position
slide  housing 22 completely seals off feed tube 9 and air orifice 13. - 7
2 7 MAY 2004 WO 01/45798 PCT/US00/34989 Slide housing 22 is slideably
removed within valve walls 11  and 18 of housing 17. A rim 23 on housing 17
--strains the  inward and outward movement of the slide housing. Slide
housing  22 includes a stem portion 24. Stern portion 24 is integrally 5
molded with the slide housing 22 via radial ribs 25 which created  



passages for air to flow between slide housing and the radial  ribs 25. As
shown in FIG. 3, radial ribs 25 are preferably at  a 450 angle to allow for
a resilient fit. Product passageway 12  passes through stem portion 24. 10
End wall 27 of housing 17 is adapted to receive stem portion  24. In a
closed position, side wall 27 and plug seal 50  completely seal off product
passageway 12. The operation of the spray dispensing device of the
invention as used with a squeeze bottle will now be explained by  15
describing the path of fluid and air. Upon squeezing the bottle 1 the
pressure inside the bottle increases urging fluid 2 up dip  tube 3. Fluid
is forced through restricted conduit 6 and pushes  ball B upward off the
top of conduit 6 thereby opening ballcheck  valve 7. The fluid is then free
to flow into feed tube 9 toward 20 product passageway 12. From passageway
12 the fluid stream is  injected into mixing chamber 15 in a horizontal
direction toward  the spray orifice 16. It can be seen from FIGS. 1 and 2
that the  product passageway 12 communicates with the mixing chamber 15 at
a location which is directly opposite the spray orifice. Upon squeezing the
bottle the increase in pressure also  forces air above the fluid level in
the bottle through air  orifice 13 into the annular passageway 14. It can
be seen that  the distance which must be traveled by the air to reach the
mixing chamber 15 is less than the distance which must be 30 traveled by
the liquid so that liquid does not reach the mixing  chamber before the
air. In this way, it is made certain that the  fluid is mixed with air
before emanating from orifice 16. The annular air passageway 14 leads to
the mixing chamber  in a horizontal direction and communicates with the
mixing  35 chamber 15 at a location which is directly opposite the tapered
or conical section 19, 20 of the mixing chamber. Tapered  portions 19, 20
direct the annular air stream from passageway 14 - 8  WO 01/45798 



2 7 MAY 2004  PCTIUSOO/34989 at the acute angle to the central horizontal
stream of liquid  from passageway 12. Thus, the annular stream of air
converges  and impinges upon the core stream of liquid at a point in
proximity to the spray orifice 16. The liquid is subjected to 5
considerable turbulence which breaks it up and intimately mixes  it with
the. -air., The result. is that a fine spray is propelled  out of orifice
16 which exhibits a circular and symmetrical spray  pattern wherein the
droplets exhibit a symmetrical particle size  distribution. 10 When
pressure is released on the container it returns to its  original shape as
external air is drawn into the container  through orifice 16. The drawing
of air through orifice 16 cleans  the orifice and the mixing chamber 15
after each squeeze cycle  thereby inhibiting clogging of the orifice. This
self-cleaning 15 feature of the invention is particularly advantageous in
the case  of a viscous product where clogging is most frequently
encountered. The release of pressure also causes the liquid to drop down
feed tube 9 which helps ball 8 to drop thereby closing the top  20 of
restricted conduit 6. It will be appreciated that the closing of the
conduit 6 by ball 8 will trap liquid in feed tube 3.  Thus, during the next
squeeze cycle product will already be at  a very high level in the dip tube
so that less time will  transpire before spay is emitted. In this way the
present 25 invention achieves nearly instantaneous spraying without the
need  for a pressurized container. In the foregoing specification, the
invention has been  described with reference to specific exemplary
embodiments  thereof. It will, however, be evident that various
modifications 30 and changes maybe made thereunto without departing from
the  broader spirit and scope of the invention as set forth in the
appended claims. The specification and drawings are accordingly  



to be regarded in an illustrative rather than a restrictive  sense. 35 2 7
MAY 2004 What Is Claimed Is: 1. A dispensing head for a squeeze bottle
sprayer comprising: a sprayer housing defining a cavity therein, with an
air orifice and a liquid orifice being  defined through said housing, the
housing further defining a plug seal; a valve contained within the cavity,
the valve [spray nozzle] defining an air passageway,  a liquid passageway
defining a stem, a mixing chamber, and an outlet orifice, the valve being
slidable along a longitudinal axis between an open position and a closed
position, said  longitudinal axis being generally aligned with the outlet
orifice; the plug seal configured to seal the stem of the liquid passageway
and the stem  configured to seal the liquid orifice when the valve is in
the closed position; the liquid passageway communicating with the mixing
chamber and the liquid  orifice in the open position of the valve [spray
nozzle]; the air passageway communicating with the mixing chamber and the
air orifice in  the open position of the valve [spray nozzle]; and wherein
the mixing chamber is out of communication with the liquid orifice and  the
air orifice when the valve is in the closed position. 2. The dispensing
head of claim 1, further comprising a pull knob located on the same side of
the valve as the spray orifice. 3. The dispensing head of claim 2 , further
comprising means for retaining liquid in the dip  tube at a level which is
higher than a level of liquid in a container upon deactivation of the
container. 4. The dispensing head according to claim 2, wherein the means
for retaining liquid in the dip  tube is a ball-check valve. -10 2 7 MAY
2004 5. The dispensing head according to claim 4, wherein the ball-check
valve has a feed tube which has substantially the same diameter throughout,
and  further comprising: a retaining rib positioned in the liquid orifice.
6. A squeeze bottle sprayer which is actuated upon squeezing the bottle to
force liquid up a dip  



tube and emit a liquid-air spray through a spray orifice, comprising a
squeezable bottle containing a volume of liquid and air above the liquid;
a dip tube extending into said volume of liquid; a sprayer body having a
plug seal, the sprayer body defining a valve receptacle therein,  having a
valve, a tapered section defining a mixing chamber therein, the tapered
section being  tapered in a direction toward a spray orifice which is
defined through the valve at a terminal  point of the tapered section; the
valve defining a liquid passageway therethrough connecting the  dip tube
with the mixing chamber in an open position of the valve, the liquid
passageway  defining a stem, at least a portion of the liquid passageway
being disposed in a direction toward  the spray orifice and having a
longitudinal axis aligned through said portion and said spray  orifice, the
valve and the liquid passageway being selectively slidable along said
longitudinal  axis to a closed position wherein the mixing chamber is
disconnected from the dip tube; an air passageway, concentrically disposed
around said portion of the liquid passageway,  the air passageway
connecting an interior of the bottle containing said volume of air with the
mixing chamber and the air passageway communicating the mixing chamber at a
location  directly opposite to the tapered section of the sprayer body;
wherein the mixing chamber is  disconnected from the interior of the bottle
in a closed position of the valve; and a pull knob located on the same side
of the valve as the spray orifice, whereby the plug seal is configured to
seal the stem of the liquid passageway and the  stem is configured to seal
the dip tube when the valve is in the closed position; and  whereby upon
actuation of the squeeze bottle sprayer when the valve is in the open
position, a stream of air from the air passageway will be deflected by the
tapered section of the  sprayer body to converge and impinge upon a core
stream of liquid from the liquid passageway  in the mixing chamber to
atomize the stream of liquid. -11 2 7 MAY 2004 7. The squeeze bottle
sprayer according to claim 6 further comprising a ball-check valve in
fluid communication with the dip tube and the liquid passageway, wherein
the ball-check valve  retains liquid in the dip tube at a level which is
higher than a level of liquid in the bottle upon  activation of the
container. 8. A squeeze bottle sprayer which is actuated upon squeezing the
bottle to force liquid up a dip  tube and emit a liquid-air spray through a
spray orifice, comprising: a squeezable bottle containing a volume of
liquid and air above the liquid;  a dip tube extending into said volume of
liquid; 



a sprayer body having a plug seal, the sprayer body defining a valve
receptacle therein,  having a valve, a tapered section defining a mixing
chamber therein, the tapered section being  tapered in a direction toward a
spray orifice which is defined through the valve at a terminal  point of
the tapered section; the valve defining a liquid passageway therethrough
connecting the  dip tube with the mixing chamber in an open position of the
valve, the liquid passageway  defining a stem, at least a portion of the
liquid passageway being disposed in a direction toward  the spray orifice
and having a longitudinal axis aligned through said portion and said spray
orifice, the valve and the liquid passageway being selectively slidable
along said longitudinal  axis to a closed position wherein the mixing
chamber is disconnected from the dip tube, said  valve being constructed
from two pieces; an air passageway, concentrically disposed around said
portion of the liquid passageway,  the air passageway connecting an
interior of the bottle containing said volume of air with the  mixing
chamber and the air passageway communicating the mixing chamber at a
location  directly opposite to the tapered section of the sprayer body;
wherein the mixing chamber is  disconnected from the interior of the bottle
in a closed position of the valve; and a pull knob located on the same side
of the valve as the spray orifice, whereby the plug seal is configured to
seal the stem of the liquid passageway and the  stem is configured to seal
the dip tube when the valve is in the closed position; and  whereby upon
actuation of the squeeze bottle sprayer when the valve is in the open
position, a stream of air from the air passageway will be deflected by the
tapered section of the 2 7 MAY 2004 sprayer body to converge and impinge
upon a core stream of liquid from the liquid passageway  in the mixing
chamber to atomize the stream of liquid. 9. A squeeze bottle sprayer which
is actuated upon squeezing the bottle to force liquid up a dip  tube and
emit a liquid-air spray through a spray orifice, comprising: a squeezable
bottle containing a volume of liquid and air above the liquid, the bottle
having a neck with a retaining rim; a dip tube extending into said volume
of liquid; a sprayer body having a plug seal, the sprayer body defining a
valve receptacle therein,  having a valve, a tapered section defining a
mixing chamber therein, the tapered section being  tapered in a direction
toward a spray orifice which is defined through the valve at a terminal
point of the tapered section; the valve defining a liquid passageway
therethrough connecting the  dip tube with the mixing chamber in an open
position of the valve, the liquid passageway  defining a stern, at least a
portion of the liquid passageway being disposed in a direction toward  



the spray orifice and having a longitudinal axis aligned through said
portion and said spray  orifice, the valve and the liquid passageway being
selectively slidable along said longitudinal  axis to a closed position
wherein the mixing chamber is disconnected from the dip tube, the  sprayer
body being adapted to cooperate with the retaining rim to fasten the
sprayer body to the  bottle; an air passageway, concentrically disposed
around said portion of the liquid passageway,  the air passageway
connecting an interior of the bottle containing said volume of air with the
mixing chamber and the air passageway communicating the mixing chamber at a
location  directly opposite to the tapered section of the sprayer body;
wherein the mixing chamber is  disconnected from the interior of the bottle
in a closed position of the valve whereby the plug seal is configured to
seal the stem of the liquid passageway and the  stem is configured to seal
the dip tube when the valve is in the closed position; and  whereby upon
actuation of the squeeze bottle sprayer when the valve is in the open
position, a stream of air from the air passageway will be deflected by the
tapered section of the  sprayer body to converge and impinge upon a core
stream of liquid from the liquid passageway  in the mixing chamber to
atomize the stream of liquid. 2 7 MAY 2004 10. The squeeze bottle sprayer
according to claim 9, wherein the bottle forms an annular  groove at the
connection of the neck and the bottle; and wherein the sprayer body has a
flexible  skirt which extends into the annular groove, said annular groove
shaped to provide a radially  inward force on the flexible skirt. 11. A
bottle with a spray dispenser comprising: a spray housing with a flexible
skirt, a first locking rim on the flexible skirt, the spray  housing
including an integrated valve; and a bottle with a neck, a second locking
rim on the neck, an annular groove formed in the  bottle at the junction of
the neck and the bottle; wherein the first locking rim and the second
locking rim cooperate to fasten the spray  housing to the bottle, and the
flexible skirt and the annular groove cooperate to provide  additional
locking force, wherein the annular groove is shaped so that it provides a
radially inward force on the  flexible skirt. 


