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Improvements in and relating to liquid drop discharge.

@ A two stage liquid drop discharge apparatus
includes axially aligned first (36) and second ° A8

(48) nozzles residing within a gun assembly (r) 28
(12). The first nozzle (36) is internal to the gun ™
assembly (12) and extends through an upper air /”/
chamber (40) into an inlet chamber (56) which Bt
terminates at an entrance to the second nozzle P —
(48). Liquid drops are expelled from the second 7 — ==

nozzle (48) toward an article to be coated. The

location and shape of the first nozzle (36) re- 7 = | %

sults in a region of reduced cross-sectional area 34 7
between the first nozzle (36) and the inlet cham- % 3z SOt 24
ber (56). During intermittent drop discharge Q

from the first nozzle (36) toward the second
nozzle (48), pressurized air supplied to the up-
per air chamber (40) traverses this region of
reduced cross-sectional area and is accelerated
as it flows to the inlet chamber (56), thereby
actively promoting removal of liquid adhered to
the end of the first nozzle (36). The removed
drop falls from the first nozzle (36) to the entr-
ance of the second nozzle (48) passage, where-
upon the pressurized air subsequently
discharges the drop outwardly from the second
nozzle (48) toward an article to the coated. The
invention contemplates an array of multiple
second nozzles (48) on a single gun, and one or
more second nozzles turned at an angle to
better accommodate discharge toward a sur-
face to be coated.

Jouve, 18, rue Saint-Denis, 75001 PARIS
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This invention relates to a liquid discharge appa-
ratus, and particularly, to a liquid discharge appara-
tus which has two stages and is operated to discharge
drops in liquid form.

For many commerical applications, liquid is dis-
charged in drop form from a liquid discharge appara-
tus. Typically, the discharge apparatus is operated in
intermittent mode, to facilitate accuracy and control
over discharge of the liquid drops.

One common liquid discharge apparatus for dis-
charging liquids in drop form includes a gun assembly
with two stages, an internal stage and an external
stage. These stages are defined by axially aligned
nozzles, one internal nozzle which receives pressu-
rized liquid and discharges it to a second nozzle,
which expels the liquid from the gun assembly under
the force of pressurized air supplied thereto. More
particularly, operation of a plunger type valve con-
trols the flow of pressurized liquid through a central
passageway of the gun assembly to the end of the
first, internal nozzle, and intermittent operation of the
plunger valve causes the liquid to be discharged in-
termittently from the internal nozzle. From the inter-
nal nozzle, each cycle of operation of the plunger
valve results in a volume of liquid, preferably a drop,
entering into a hollow space between the first and
second nozzles. Thereafter, pressurized air is sup-
plied to the hollow space to propel the liquid volume
through the external nozzle and out of the gun. This
combination of discharging pressurized liquid from
the internal nozzle and then blowing the liquid with
pressurized air through the second external nozzle
provides a reasonable degree of control over liquid
drop application to a surface.

However, this structure is susceptible to incon-
sistent drop discharge, due to the tendency for liquid
to accumulate and/or adhere to the end of the first
nozzle when the plunger valve closes. This is partic-
ularly true when the liquid has a relatively high vis-
cosity. If liquid adheres to the first nozzle, intermittent
operation of the plunger valve will not necessarily
produce intermittent discharge of uniform quantities
of liquid from the gun. As a result, consistency in drop
discharge and uniformity in coating are adversely af-
fected.

Apparatus for discharging liquid drops in accor-
dance with the invention comprises a gun body hav-
ing two spaced nozzles, means for supplying liquid to
a first nozzle so as to discharge a drop of liquid from
the first nozzle towards the inlet of the second nozzle
and means for supplying pressurised air to an air
chamber surrounding the first nozzle characterised in
that the air chamber is in fluid communication with an
inlet chamber of reduced cross-sectional area be-
tween the outlet of the first nozzle and the inlet of the
second nozzle, whereby the flow of air accelerates
through the inlet chamber so as to remove adhered
liquid from the first nozzle, the pressurised air caus-
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ing a drop of liquid to be discharged from the second
nozzle.

Such an arrangement improves the consistency
in, nd control over, liquid drop discharge for a two
stage liquid drop discharge apparatus, and also elim-
inates problems associated with liquid adherence
and/or accumulation to the internal nozzle of a two
stage liquid drop discharge apparatus.

Apparatus in accordance with the invention util-
izes a gun assembly having a firstinternal nozzle that
extends into a narrow inlet chamber which leads to
the second external nozzle, thus resulting in a region
of reduced cross-sectional area, between the first
nozzle and the inlet chamber, located intermediate to
the upper air chamber of the gun assembly and the
second nozzle. When pressurized air is supplied and
flows toward the second nozzle, it produces an accel-
eration of the air within this region of reduced cross-
sectional area, causing active removal of any ad-
hered and/or accummulated liquid from the first inter-
nal nozzle. Upon removal, the liquid drop falls and
covers an entrance to the axially aligned second noz-
zle, and thereafter the pressurized air discharges the
drop therethrough in a "pop gun" effect.

Because of the shape and location of the first in-
ternal nozzle with respect to the pressurized air duct,
the inlet chamber to the second nozzle and the sec-
ond nozzle, problems associated with liquid adher-
ence and/or accumulation at the and of the first noz-
zle upon termination of each intermittent cycle of op-
eration are reduced or eliminated. Moreover, this ar-
rangement reduces or eliminates these problems in a
manner which does not alter the well-known manner
of operating a two stage liquid drop discharge appa-
ratus. Thus improved consistency and control over a
liquid drop discharge is achieved, compared to prior
two stage liquid drop discharge apparatus.

According to one embodiment in accordance with
the invention, a liquid drop discharge apparatus in-
cludes a gun assembly of interconnected body sec-
tions which define a first internal nozzle and a sec-
ond, axially aligned nozzle for discharging liquid in
drop form from the gun. The gun includes a plunger
valve operated by a solenoid to control intermittent
liquid flow through a passage leading to the first noz-
zle. The gun body has an upper air chamber to which
pressurized air is supplied and an inlet chamber which
leads to the second nozzle. The first nozzle extends
through from the upper air chamber into the inlet
chamber of the second nozzle.

In normal operation, the plunger valve opens to
supply liquid to the first nozzle, with the result that a
drop forms at the end of the first nozzle. After the
plunger valve has closed to terminate the liquid dis-
charge cycle for the first nozzle, pressurized air is
supplied to the upper air chamber within the gun body
and flows toward the inlet chamber and the second
nozzle, and circumferentially around the outside of
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the first nozzle in a region of reduced cross-sectional
area. The flow of this pressurized air through the re-
duced area region around the first nozzle creates
negative pressurization within the inlet chamber,
thereby causing the drop formed at the end of the first
nozzle and any adhered liquid to fall from the first
nozzle to the entrance of the second nozzle, blocking
the entrance to the second nozzle. Thereafter, pres-
sure generated by the air within the gun builds up and
expels the drop through the second nozzle in a pop
gun effect.

Apparatus in accordance with this invention may
be used with liquid drop operations wherein the drops
are cooled and solidified to form granules, wherein
the liquid drops are applied to a surface to be painted,
or even in instances where the liquid is atomized and
applied. Depending upon the duration of time for sup-
plying the pressurized air to the gun during each cy-
cle, the drops may be flattened subsequent to contact
with a surface spaced from the end of the second
nozzle. In this manner, the flattened drops will form
a uniform coating on the surface.

A second embodiment in accordance with the in-
vention contemplates application of liquid drops with-
in very small regions, such as a surface of an integrat-
ed circuit substrate. For this application, the second
nozzle may include a capillary tube. Additionally, the
gun body may be configured to provide an additional
tube around the outside of the second nozzle tube,
thereby to promote removal of liquid from the end of
the second nozzle.

Athird embodiment in accordance with the inven-
tion uses simplified tubular structures to form the in-
ternal nozzle, the inlet chamber and the second noz-
zle of the gun assembly.

A fourth embodiment in accordance with the in-
vention uses multiple second nozzles aligned in a
row, and each supplied with liquid from an associatd
first nozzle. This structure allows the apparatus to
coat a pattern of uniform, predetermined width.

Afifth embodiment in accordance with the inven-
tion orients the end of the second nozzle at an angle,
suitably 90 degrees, with respect to the first nozzle
and the axis of the gun, thereby to allow liquid drops
to be discharged in a direction perpendicular to the
surface to be coated, i.e. discharged horizontally if
used to coat a vertical surface.

All of these embodiments employ a gun structure
wherein the first nozzle extends into an inlet chamber
or passage leading to the entrance of the second noz-
zle. This requires that pressurized air supplied to the
second nozzle must pass through the region of re-
duced cross-sectional area, a region which is created
by the size, shape and position of the first nozzle and
the inlet chamber. For each of the embodiments, an
electrical controller may be used to coordinate inter-
mittent operation of the plunger valve for controlling
liquid flow from the first nozzle and the supply of pres-
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surized air into the air duct for pop gun discharge of
liquid drops from the second nozzle. This assures
consistency in operation for each discharge cycle of
operation, and preferably results in the discharge of
a single liquid drop per cycle.

The operation of apparatus in accordance with
the invention does not depend upon the liquid drops
adhering to the first nozzle with every cycle of oper-
ation. If no liquid adheres to the first nozzle, as may
occur when relatively low viscosity liquids are dis-
charged, this same apparatus and mode of operation
will produce pop gun expulsion of the liquid through
the second nozzle during each cycle of the operation.
Thus, the structure performs equally well in consis-
tently discharging liquid drops regardless of whether
the liquid is of high, low or medium viscosity.

The invention will now be described by way of ex-
ample and with reference to the accompanying draw-
ings, in which:

Figure 1 is a cross sectional schematic which

shows a first embodiment of apparatus for dis-

charging liquid drops in accordance with the in-
vention;

Figure 1A is an enlarged view of a portion of the

apparatus shown in Figure 1;

Figure 2 is a timing chart which illustrates the

mode of operation for the apparatus shown in

Figures 1 and 1A;

Figures 3A and 3B depict the operation of appa-

ratus to apply aliquid drop to a substrate and then

to flatten the drop on the substrate;

Figure 4 is a cross sectional schematic of the

nozzle portion of a second embodiment of an ap-

paratus in accordance with the invention;

Figure 5 is a cross sectional schematic, similar to

Figure 4, of the nozzle portion of a third embodi-

ment of an apparatus in accordance with the in-

vention;

Figure 6 is a cross sectional schematic, similar to

Figures 4 and 5, of the nozzle portion of a fourth

embodiment of an apparatus in accordance with

the invention;

Figure 6Ais a cross sectional view along lines 6A-

6A of Figure 6, and which depicts a drop pattern

formed on a substrate using the apparatus of Fig-
ure 6, and

Figures 7A and 7B are schematic drawings which

depict two variations of a nozzle structure for a

fifth embodiment of an apparatus in accordance

with the invention.

Figure 1 shows a first embodiment of a two stage
liquid drop discharge apparatus 10 in accordance
with the invention. The apparatus 10 includes a gun
assembly, designated generally by reference numeral
12, which receives pressurized liquid from a tank 14
and discharges the liquid in drop form. The liquid in
tank 14 is pressurized by a pressure source 16 and
controlled by a regulator 18. Liquid is supplied to the
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gun assembly 12 by hose 20.

The apparatus 10 also uses air pressure to dis-
charge the liquid drops from the nozzle assembly 12.
Pressurized air is supplied to the gun assembly 12 via
a hose 22, which connects to an air pressure source
24. A solenoid valve 26 installed in line 22 controls air
flow to the gun assembly 12, and operation of the sol-
enoid valve 26 is controlled by an electrical controller,
or timer 28. The timer 28 also controls operation of a
solenoid 30 mounted to gun assembly 12 to operate
a plunger 32. Movement of the plunger 32 opens and
closes a liquid duct 34 within gun assembly 12 to per-
mit or prevent, respectively, liquid flow to a first noz-
zle 36 residing internally of the gun assembly 12. Pre-
ferably, the first nozzle 36 is a capillary type nozzle.
The first nozzle 36 is axially aligned with a second
nozzle 38 through which the liquid is discharged from
gun assembly 12 in drop form.

The hose 22 supplying pressurized air to the gun
assembly 12 communicates with a pressurized upper
air chamber 40 located within gun assembly 12 but
external to first nozzle 36. In more specific detail, the
gun assembly 12 includes a first gun body section 42.
The liquid supply tube 20 connects to body section
42. A second gun body section 44 threadably con-
nects to first body section 42. First nozzle 36 is de-
fined by a first internal nozzle portion 46, which
threadably connects to body section 42 and a second
internal nozzle portion 48, which threadably connects
to nozzle portion 46, and which terminates at a first
nozzle end 37. Liquid duct 34 extends through body
section 42, first nozzle portion 46 and second nozzle
portion 48, which preferably includes a capillary tube.
To cause pressurized liquid to traverse first nozzle 36
and to be discharged from the end 37 of first nozzle
36 in an intermittent manner, plunger 32 is intermit-
tently axially reciprocated away from a valve seat 50
by solenoid 30.

A second nozzle 38 is formed by a passage 52
formed within the second body section 44 and an ex-
ternal nozzle portion 54 threadably mounted thereto.
The upper portion of passage 52 is shown in Figure
1A. The liquid duct 34 is axially aligned with passage
52. Moreover, the capillary end 37 of first nozzle 36
extends within an inlet chamber 56 which is located
between, and in fluid communication with, the pres-
surized upper air chamber 40 and the passage 52. In-
let chamber 56 is also shown most clearly in Figure
1A.

Because the end 37 of first nozzle 36 extends
into inlet chamber 56, the cross-sectional area
through which pressurized air must flow from cham-
ber 40 to chamber 56 is significantly reduced in cross-
sectional area in a region designated by reference nu-
meral 58. Because of this reduced cross-sectional
area, the pressurized air supplied to air duct 40 accel-
erates through region 58 enroute to inlet chamber 56,
thereby creating a Bernoulli effect which causes lig-
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uid adhered to the end 37 of first nozzle 36 to fall
through inlet chamber 56 and to land at an entrance
60 to passage 52, thereby closing off entry to the pas-
sage 52. Figure 1A shows a liquid drop 61.

Shortly thereafter, the pressure within gun as-
sembly 12 due to the pressurized air causes the drop
61 to discharge through passage 52 and outwardly
from the end 37 of the second nozzle 38, in a "pop
gun" effect. Due to the negative pressurization at the
end 37 of first nozzle 36 caused by the accelerated
air flow through reduced cross-sectional region 58
and into inlet chamber 56, even a liquid with a relative-
ly high viscosity is prevented from adhering to the end
37 of first nozzle 36. As a result, liquids of wide-
ranging viscosity can be discharged in drop form in a
more consistent and controlled manner.

Figure 2 shows a chart which illustrates a timing
sequence for operating the two stage liquid drop dis-
charge apparatus 10 shown in Figures 1 and 1A. The
top line, Section A, represents intermittent operation
of the solenoid 30 and plunger 32 to supply liquid to
the first nozzle 36. When "ON", the plunger 32 is
raised to allow liquid to flow through duct 34 to the end
37 of first nozzle 36. This is represented by reference
numeral 71. Directly below, Section B of Figure 2 il-
lustrates drop formation at the end 37 of first nozzle
36, indicated by reference numeral 72. Directly below
drop formation, Section C of Figure 2 shows actua-
tion of solenoid 26 via timer 28 to force pressurized
air via line 22 into the pressurized air duct 40. Refer-
ence numeral 73 represents the time lag between
closing off liquid flow via plunger 32 and initial sup-
plying of pressurized air to the gun assembly 12,
which is represented by reference numeral 74. Direct-
ly below, Section D shows drop formation at the en-
trance 60 to passage 52, represented by reference
numeral 75. In most situations, this will occur at a
time, designated by reference numeral 76, after ini-
tiating the flow of pressurized air. However, in some
situations, the liquid drop 61 will not adhere to the
first nozzle 36, but will instead fall directly to entrance
60. This situation is shown in Section D via phantom
lines, and is represented by reference numeral 75a.
Section E shows that duration of the supply of accel-
erated air which is required to cause the drop 61 to
move from entrance 60 through passage 52 and out
the end of second nozzle 38, in a pop gun effect. This
is represented by reference numerals 77 and 77a.
Section F of Figure 2 shows the time at which the
drop 61 is discharged from second nozzle 38. As
shown by Sections E and F, regardless of whether the
drop 61 falls from first nozzle 36 to entrance 60 on its
own or is forced there by air pressure, the time lag 76
before occurrence of pop gun expulsion of the drop 61
remains the same. Thus, for a given liquid material,
the total time 78 until the next drop 60 is discharged
from gun assembly 12 is the same regardless of
whether the drop 60 fell from the first nozzle 36 or
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was forced therefrom.

Compared to prior methods and apparatus for
two stage liquid drop discharge, the method and ap-
paratus for two stage liquid drop discharge in accor-
dance with the invention actively prevents liquid ac-
cumulation at the end 37 of the first nozzle 36 during
intermittent operation, and thereby assures consis-
tency in drop discharge for materials of different vis-
cosities.

Figures 3Aand 3B illustrate another aspect of the
invention. More specifically, Figures 3A and 3B show
gun assembly 12 when used to discharge liquid drops
61 onto a substrate 65. More specifically, Figure 3A
shows drop 61 as it is discharged from second nozzle
38 (in phantom) and as the drop 61 contacts sub-
strate 65. Immediately thereafter, because of the
pressurized air supplied through air duct 40, which is
expelled through second nozzle 38 toward substrate
65, as shown by directional arrows 80, the drop 61 is
flattened by the pressurized air flow which follows the
drop 61.

Figure 4 shows a gun assembly 112 for a two
stage liquid drop discharge apparatus constructed in
accordance with a second embodiment of the inven-
tion. In Figure 4, the last two digits of the reference
numerals correspond to identical structural compo-
nents of the first embodiment of the invention. This
principle also applies for the third, fourth and fifthem-
bodiments.

Gun assembly 112 is particularly suitable for ap-
plying liquid drops in very confined areas, such as a
small surface 165 of an electrical component. For this
reason, the second nozzle 138 includes an elongated,
capillary portion 154. Additionally, the second gun
body section 144 includes an air flow passage 145
which communicates with an internal space 147 ex-
ternal to portion 154 and internal to an external tube
149 which is shown in phantom lines. Stated another
way, the second nozzle 138 contains a dual tube as-
sembly, with a capillary inner tube 154 residing within
the external tube 149. This permits air flow between
the tubes 154 and 149 along internal passage 147,
since passage 145 is in communication with upper air
chamber 140. This structure prevents liquid drops 61
from adhering to the end of second nozzle 138 and
may also atomize the drops 161 as they are dis-
charged toward surface 165, depending on their vis-
cosity.

According to one variation of this embodiment of
the invention, as shown in phantom lines in Figure 4,
the second nozzle 138, together with external tube
149, may be bent to more readily accommodate di-
recting the discharged drops 161a toward a surface
165a to be coated. In Figure 4, the nozzle 138 is bent
at a 90 degree angle with respect to the gun 112.

Figure 5 shows a gun assembly 212 for a two
stage liquid drop discharge apparatus constructed in
accordance with a third embodiment of the invention.
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In this embodiment, the structure for supporting the
second nozzle 238 is designed as a tube, for struc-
tural simplicity. More particularly, the gun 212 in-
cludes a first outer tube 239 connected to gun body
section 246 and a second, reduced diameter tube 241
connected to tube 239. The reduced diameter tube
241 has a narrowed portion 243 to define the exit
passage 252 from the second nozzle 238. This gun
assembly 212 operates in the same manner as gun
assemblies 12 and 112 described above.

Figure 6 shows a gun assembly 312 for a two
stage liquid drop discharge apparatus constructed in
accordance with a fourth embodiment of the inven-
tion. This embodiment contemplates simultaneous
discharge of drops from multiple sites. In this embodi-
ment, liquid duct 334 branches into three separate
passages 334a, 334b and 334c¢, downstream of
plunger 332. These passages 334a, 334b and 334c
terminate at the ends of first nozzles 336a, 336b and
336c, respectively. These first nozzles reside above
passages 352a, 352b and 352¢, respectively, of sec-
ond nozzles 338a, 338b, and 338c¢. To form the gun
assembly 312, a second body section 344 is secured
to first body section 342 via a clamp 345.

This gun assembly 312 is operated in the same
manner as described previously with respect to the
other embodiments, but this gun assembly 312 pro-
duces a wider discharge pattern, as shown in Figure
6A, wherein a pattern 367 is formed by flattened
drops 361a, 361b and 361c. If desired, the number of
discharge sites may be further increased, or varied,
depending on the desired width, or shape, of the pat-
tern to be coated.

Figures 7A and 7B show two variations for a gun
assembly 412 of a two stage liquid drop discharge ap-
paratus constructed in accordance with a fifth em-
bodiment of the invention. In Figure 7A. an article 485
to be coated is U-shaped, and dual second nozzles
438a and 438b are turned outwardly at 90 degrees to
discharge drops toward vertical inside surfaces 465a
and 465b of the article 485, respectively.

In Figure 7B, article 486 is E-shaped with the
openings and legs of the E directed upwardly. In this
variation of the fifth embodiment, dual second noz-
zles 438a and 438b are directed inwardly at 90 de-
grees to dispense material onto oppositely directed
vertical surfaces 465a and 465b, respectively, of the
inside leg of the E-shaped article 486. If desired, the
dual second nozzles 438a and 438b may be made ro-
tatable to enable a single gun assembly 412 to be
used to dischare liquid drops in the manner shown in
Figures 7A and 7B.

All of the embodiments of the invention rely upon
the same principal, that of accelerating the discharge
air through a narrow space around an internal first
nozzle to prevent liquid from adhering thereto after
liquid flow has been intermittently stopped. The size
and location of the first nozzle with respect to the up-
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per air chamber and the inlet chamber of the second
nozzle results in a reduced cross-sectional area be-
tween the first nozzle and the body of the second noz-
zle, thereby accelerating the air therethrough and
producing a Bernoulli effect which removes the drops
from the end of the first nozzle. The drop or drops fall
and cover the opening of the second nozzle in axial
alignment therewith, and thereafter the pressurized
air discharges the drop through the second nozzle in a
pop gun effect. This operation remains the same whether
the second nozzle or nozzles discharge the drops verti-
cally or horizontally. This positive removal of liquid from
the end of the first nozzle eliminates liquid accumulation
and adherence inside the gun, even for relatively high
viscosity liquids, thereby assuring uniform and consis-
tent discharge of drops onto a surface to be coated.

Claims

1. Apparatus for discharging liquid drops compris-
ing a gun body having two spaced nozzles,
means for supplying liquid to a first nozzle so as
to discharge a drop of liquid from the first nozzle
towards the inlet of the second nozzle and means
for supplying pressurised air to an air chamber
surrounding the first nozzle characterised in that
the air chamber is in fluid communication with an
inlet chamber of reduced cross-sectional area
between the outlet of the first nozzle and the inlet
of the second nozzle, whereby the flow of air ac-
celerates through the inlet chamber so as to re-
move adhered liquid from the first nozzle, the
pressurised air causing a drop of liquid to be dis-
charged from the second nozzle.

2. Apparatus according to Claim 1 wherein the first
and second nozzles are axially aligned.

3. Apparatus according to Claim 1 or 2 wherein an
outer end of the second nozzle bends at an angle
with respect to the axis of the first nozzle.

4. Apparatus according to Claim 1, 2 or 3 compris-
ing a plurality of first nozzles, inlet chambers and
second nozzles, thereby to accommodate liquid
drop discharge from multiple second nozzles.

5. Apparatus according to any preceding Claim,
wherein the second nozzle is tube shaped, com-
prising an outer tube surrounding the second
nozzle in spaced relation therefrom and defining
a tubular passageway therebetween, means be-
ing provided for supplying pressurized air to the
tubular passageway to promote removal of liquid
at the end of the second nozzle.

6. Apparatus according to Claim 5 wherein the gun
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10.

10

body includes an air passage placing the air
chamber in fluid communication with the tubular
passageway, whereby pressurized air supplied to
the air chamber flows through the air passage
and out of the tubular passageway at the outlet
end of the second nozzle.

Apparatus according to any preceding Claim com-
prising control means for intermittently supplying
pressurized liquid to the first nozzle, and intermit-
tently supplying pressurized air to the air chamber.

Apparatus according to Claim 7 wherein the con-
trol means initiates the supply of pressurized air
to the air chamber after terminating the supply of
liquid to the first nozzle.

A method of discharging liquid drops comprising
supplying liquid to a first nozzle within a gun
body, the liquid being discharged from the first noz-
zle into an inlet chamber inside the gun body, and
supplying pressurized air to a first air chamber with-
in the gun body in fluid communication with the inlet
chamber, thereby to discharge liquid accumulated
therein through a second nozzle in fluid communi-
cation therewith, whereby the pressurized air sup-
plied to the air chamber traverses a region of re-
duced cross-sectional area around the first nozzle
to remove adhered liquid from the first nozzle.

A method of discharging liquid drops comprising
supplying pressurized liquid to a first nozzle of a
gun body having an air chamber surrounding the
first nozzle and a second nozzle spaced from the
first nozzle, the gun body having an inlet chamber
betwen the first and second nozzles which is in
fluid communication with the air chamber, the
pressurized liquid being supplied so as to be dis-
charged intermittently from the first nozzle into
the inlet chamber, supplying pressurized air to the
first air chamber in an intermittent manner, the
pressurized air passing from the air chamber to
the inlet chamber to discharge liquid from the in-
let chamber through the second nozzle and away
from the gun body, wherein the first nozzle ex-
tends from the first air chamber into the inlet
chamber toward the second nozzle and thereby
defines a region of reduced cross-sectional area
between the first nozzle and the inlet chamber,
whereby air flowing through this region acceler-
ates to remove adhered liquid from the first noz-
zle, and controlling the supply of pressurized lig-
uid to the first nozzle and the intermittent supply
of pressurized air to the air chamber so as to ini-
tiate the supply of pressurized air to the air cham-
ber after terminating the supply of liquid to the
first nozzle.
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