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[57] ABSTRACT

A device for delivery of particulate material, e.g. to a
spray gun, has a gas flow passage communicating with
an outlet, an inlet in the passage for connection to a
fluidized bed of the particulate material, and a gas
flow constriction for discharging compressed gas into
the passage to entrain the particulate material from
the inlet to the outlet. The inlet communicates with
the fluidized bed through an inlet nozzle having an
inlet passage extending from a mouth, the inlet nozzle

‘having an outer surface which tapers towards the

mouth and converges with the inlet passage at the
mouth to form a thin edge around the mouth which
counteracts build-up of particulate material at the
mouth.
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1
DEVICE FOR DELIVERING PARTICULATE
MATERIAL

This invention relates to a device for converging par-
ticulate material e.g. to a spray gun.

It is well established in the art of coating that powders
such as synthetic resins in powder form (usually pig-
mented) and powdered metals, may be conveniently
and economically sprayed onto a wide variety of sub-
strates to form coatings thereon with considerable ad-
vantages over liquid (e.g., paint) spraying, in particular
with respect to pollution problems and recovery of un-
used material for reuse.

However, existing devices for supplying particulate
material to spray guns have suffered from certain limi-
tations and disadvantages, especially in respect of the
ability to provide on a continuous basis a substantially
uniform supply of particulate material capable of coat-
ing a relatively large area of substrate in uniform man-
ner without the risk of breakdown or blockage of sup-
ply. There thus exists a need in the art for a simple and
efficient means of continuously supplying particulate
material uniformly to a spray gun while permitting the
possibility  of changing powder without the inconve-
nience of partially dismantling the equipment in order
to clean out or purge the previous powder and further-
more to afford the facility of operating a plurality of
spray guns from a single bulk source.

The invention provides a device for conveying partic-
ulate material, comprising means defining a first pas-
sage for the flow of gas under pressure, means defining
an outlet communicating with said first passage, means
defining an inlet opening into said first passage for the
flow of the particulate material to the first passage, a
constriction in said first passage for directing a forced
supply of gas along said first passage towards said outlet
to draw the particulate material through said inlet and
to cause the particulate material to be entrained by the
gas along said first passage to said outlet, and an inlet
nozzle through which said second passage extends, said
inlet nozzle having means defining a second passage
communicating with said inlet; a mouth for the entry of
the particulate material into said second passage, and
an outer surface which tapers towards said mouth and
converges with said second passage at said mouth.

The term ‘“‘particulate material’’ used herein is gener-
ally intended to refer to powder. However, fine crystal-
line, granular or flocculant material, or, in fact, any ma-
terial which can be readily entrained in a gas flow is for
the present purposes to be regarded as particulate ma-
terial.

In one embodiment of the device and method of the
invention, the source of particulate material comprises
a fluidized bed of particulate material. The device of
the invention is suitable for use in electrostatic spray
coating operations, in which case the spray gun will be
provided ‘with means for electrostatically charging the
particulate material passing therethrough.

For.a better understanding of the invention, and to
show how the same may be carried into effect, refer-
ence will now be made by way of example, to embodi-
ments thereof illustrated in the accompanying draw-
ings, in which:

FIG. 1 shows a cross-sectional view of a device for
delivering particulate material to a spray gun;
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FIG. 2 is a side view, partly broken away, of another
device for delivering particulate material to a spray
gun; and

FIG. 3 shows a cross-sectional view of a third device
for delivering particulate material to a spray gun.

Referring now to FIG. 1 of the accompanying draw-
ings, the device comprises a pipe 1 having a generally
hollow cylindrical down-stream portion 2 terminating
in an outlet end 3 provided exteriorly with a plurality
of annular ridges 4 to permit ready connection to a
flexible hose (not shown) attached to a spray gun. Cy-
lindrical portion 2 is connected by means of a screw-
fitting collar 5 to an upstream portion 6 of pipe 1 hav-
ing a generally frusto-conical hollow internal configu-
ration of Venturi shape widening towards and aligning
with portion 2 so as to provide a generally smooth gas
flow passage. Upstream portion 6 terminates in inlet
portion 7 of pipe 1 which communicates with a conduit
9 disposed substantially perpendicularly to the general
longitudinal axis of pipe 1. Conduit 9 is secured by a
collar 10 in internally aligned arrangement with restric-
tor means 11 which, in turn, is screwed into a generally
cylindrical hollow plug member 12 disposed through
the side wall 13 of a fluidized bed, so that a continuous
aligned longitudinal passage is provided from said fluid-
ized bed to the inlet end 7 of pipe 1. The restrictor
means 11 comprises a hoilow cylindrical portion 14
provided with a restrictor plate 15 which is disposed
transversely through said portion 14 and formed with
a plurality of apertures 16, 17 and 18 of different sizes,
the largest corresponding approximately to the internal
size of the portion 14. A grub screw, spring and ball
bearing detent arrangement 19 is located in one side of
the restrictor means 11, the ball bearing being engage-
able with recesses 20 in the plate 14 to permit ready
movement of said plate into a series of positions locat-
ing and securing any desired size of aperture concentri-
cally in the cylindrical portion 14.

Nozzle means 21 snug fits into one end of the pipe 1
axially parallel thereto and is secured therein by a
screw collar 22. The inner end of nozzle means 21 is
provided with a nozzle opening 23 which communi-
cates with inlet portion 7 of pipe 1. Inlet end 24 at the
outer end of nozzle means 21 is formed internally with
an outwardly opening flared frusto-conical surface and
is formed externally with screw threading 26 or other
suitable means for connection to a flexible air supply
hose or the like (not shown).

The various parts of the device can be readily dis-
mantled for replacement or cleaning purposes and the
restrictor means 11 can optionally be omitted or re-
placed by a different type of restrictor means, such as
a gate valve. The precise disposition of the nozzle 23
with respect to the inlet portion 7 of the pipe 1 and the
conduit 9 can, if desired, be arranged to be variable, so
that the nozzle 23 is movable in the longitudinal direc-
tion of the pipe 1, whereby adjustment to the optimum
disposition, depending on the rate of air flow and the
nature particle size and density of the powder being
used, can be attained.

In operation of the device, the fluidized bed is acti-
vated, and compressed air is supplied to the nozzle
means 21 as indicated diagrammatically by the arrow
in FIG. 1. Passage of air through the nozzle opening 23
and along the pipe 1 causes a suction effect in the con-
duit 9, resulting in withdrawal of air and powder from
the fluidized bed through the conduit 9 as indicated di-
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agrammatically by the arrow in FIG. 1. The air and
powder mixture is drawn through the conduit 9 into the
inlet end 7 of the pipe 1, becomes entrained in the air
supply passing therethrough and, in turn, passes along
“pipe 1 and thereafter through a flexible hose (not
shown) attached to outlet end 3 of pipe 1. The mixture
subsequently reaches a spray gun (not shown) for
spraying onto a substrate. Conveniently, the air supply
to nozzle means 21 is initiated and discontinued in re-
sponse to actuation of the trigger of the spray gun.

Turning now to FIG. 2 of the accompanying draw-
ings, the device comprises a generally cylindrical pipe
31 having an.outlet end 32 and provided exteriorly with
a plurality of spaced annular grooves 33 to facilitate at-
tachment of a hose (not shown) leading to a spray gun
(not shown). The pipe 31 is provided with an outwardly
flared inlet end 34 of generally frusto-conical configu-
ration opening to a mouth 39. Disposed in the open
mouth 39 of pipe 31 is a nozzle 35 connected to the end
of a tube 36 which connects with an air supply hose
(not shown) screwed on end 38 of the tube 36. For
compactness, the tube 36 is of U-shaped configuration
and is secured to the pipe 31 by a welded strut 37.

In operation of the device, an air supply hose is se-
cured to the end 38 of tube 36 and a flexible hose (not
shown) communicating with a spray gun (not shown)
is fitted over outlet end 32 of pipe 31 and securely held
thereon by the frictional effect of the annular grooves
33. The device is then immersed in a source of loose
particulate material, preferably, a fluidized bed, and
compressed air is supplied to tube 36 in the direction
diagrammatically indicated by arrow A. A jet of air
emerges from the nozzle 35 and creates a suction effect
in the mouth 39 of pipe 31, resulting in the influx of
particulate material from the fluidized bed. The partic-
ulate material becomes entrained in the air issuing from
the nozzle 35 and passes down the pipe 31 and thence
to the spray gun for application to substrate.

It can thus be seen that the device shown in FIG. 2
is both compact and portable and can be readily re-
moved from the fluidized bed and immersed in another
bed of different powder. Of course, a plurality of the
devices connected to a plurality of spray guns can be
used in connection with a single fluidized bed.

If desired the device can be modified such that the
relative disposition of the nozzle 35 with respect to the
mouth 39 of pipe 31 is adjustable so that an optimum
disposition of the nozzle with respect to inlet end 34 of
pipe 31 for any given type of powder and intended air
flow velocity can be achieved. Generally speaking, the
opening of nozzle 35 should be just downstream of the
plane of the annular lip of the inlet end 34 of pipe 31.
If the end of the nozzle is too far outside the inlet end
34 of the pipe 31, a certain amount of undesirable tur-
bulance may be caused and efficiency is liable to drop.
On the other hand, if the nozzle is inserted too far into
the inlet end 34, e.g., level with the junction between
frusto-conical inlet end 34 and the cylindrical portion
of pipe 31, the possibility of blockage can occur in the
relatively more restricted annular space between the
nozzle 35 and the inside of the pipe 31 and, moreover,
powder pick-up is reduced.

The foregoing devices have been described for oper-
ation with an air supply. However, if appropriate, the
air supply can be replaced by a supply of another gas,
e.g., an inert gas such as nitrogen. The devices of the
invention have been found particularly suitable for use
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in connection with an electrostatic type of spray gun
for the electrostatic coating of substrates.

In further embodiments, the nozzle may be directed
slightly tangentially with respect to the pipe, so as to
impart a component of circulatory motion to the flow
of air and material in the pipe.

FIG. 3 shows a modification of the device of FIG. 1.
In this modification, there is provided a pipe indicated
generally by reference numeral 101 having a generally
hollow cylindrical downstream portion 102 terminating
in an outlet end 103. On the exterior of the outlet end
103 there is provided a plurality of annular ridges 104
for connection to a flexible hose attached to a spray
gun, the hose and spray gun being not shown in the
drawings. Cylindrical portion 102 is connected by
means of a screw-threaded collar 105 to an upstream
portion 106 of the pipe 101. The upstream portion 106
has a generally frusto-conical hollow internal configu-
ration of Venturi shape widening towards and alligned
with portion 102, and terminates in an inlet portion
107.

A nozzle forming a gas flow restrictor 108 is secured,
by a screw-threaded collar 109, to the end of the pipe
101 opposite the outlet end 3. An inlet for the particu-
late material is formed by a passage 110, which extends
perpendicularly to, and opens into, the upstream por-
tion of pipe 106.

It will be readily appreciated that the parts of the
modification of FIG. 3 thus far described have a resem-
blance to the corresponding parts shown in FIG. 1.

However, in this modification a further nozzle in the
form of a restrictor for restricting the flow of particu-
late material into and along the passage 110 is provided
as a flow restrictor member indicated generally by ref-
erence numeral 112,

The flow restrictor member 112 is secured to the
inlet end of the passage 110 by a threaded collar 113,
which is in threaded engagement with the outer surface
of a duct portion 114 extending from the pipe portion
106 and integral therewith, the duct portion 114 defin-
ing the passage 110.

The collar 113 engages an annular shoulder 116,
formed on the flow restrictor member 112, for urging
the outlet end of the latter against the correspondingly
formed inlet end of the duct portion 114.

The flow restrictor member 112 has an inlet portion
117, which is formed with a frusto-conical outer sur-
face 118, The frusto-conical outer surface 118 con-
verges in a direction away from the inlet end of the pas-
sage 110.

In addition, an opening in the form of a bore 119 ex-
tends longitudinally through the flow restrictor mem-
ber 112 and is axially aligned with the passage 110.

When the device is in use, the inlet portion 117 of the
flow restrictor member 112 is inserted into a chamber
containing a fluidized bed of the particulate material.
Gas, preferably air or an inert gas, is then supplied
under pressure to the flow restrictor 108 and dis-
charged therefrom at high speed past the inlet 107,
which causes the particulate material and air mixture
to be drawn from the fluidized bed through the bore
119, the passage 110 and the inlet 107, and entrained
along the pipe 101 to the outlet end thereof.

It has been found that this flow restrictor member
112 has the advantage that it reduces settling of the
particulate material on the flow restrictor, which set-
tling may otherwise lead to a partial or even a complete
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blockage of the flow of the particulate material and re-
sult in a choking effect on the discharge of particulate
material through the outlet end 103 of the pipe 101.
It has been found that, by appropriate selection of the
diameter of the bore 119 in relation to the internal di-
ameter of the hose from the outlet énd 103 to the gun,

the rate of discharge of the particulate material through

the hose can be increased and/or the gas pressure ap-
plied to the gas flow restrictor can be decreased. Using
a Y% inch diameter hose, experiments have provided the
following results:

Ratio
Area Gas | Area of
Bore of Bore Inlet Powder Powder Inlet
119 119 Pressure © Throughput to Area of
(in.) . (sq.in.)  (p.s.i.) per hour Hose
(pounds)
0.100 0.008 5 7% 245t0 1
0.100 0.008 10 16
0.100 0.008 20 22%
0.125 0.012 16 to |
0.156 0.019 5 22% i0to 1
0.156 0.019 10 30
0.156 0.019 20 39
I claim: .
1. A device for conveying particulate material, com-
prising:

a. means defining a first passage for the flow of gas
under pressure,

b. means defining an outlet communicating with said
first passage,

c¢. means defining an inlet opening into said first pas-
sage for the flow of the particulate material to the
first passage,

d. a constriction in said first passage for directing a
forced supply of gas along said first passage
towards said outlet to draw the particulate material
through said inlet and to cause the particulate ma-
terial to be entrained by the gas along said first pas-
sage to said outlet, and

€. an inlet nozzle having means defining a second pas-
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sage communicating with said inlet, 2 mouth for
the entry of the particulate material into said sec-
ond passage, and an outer surface which tapers
towards said mouth and converges with said second
passage at said mouth.

2. A device as claimed in claim 1, wherein means are
provided for readily releasably securing said nozzle to
said' device.

3. A device as claimed in claim 1, wherein said con-
striction is formed by a gas flow restrictor insert pro-
vided in said first passage.

4. A device as claimed in claim 1, wherein a powder
inlet passage connects said second passage to said inlet,
and said second passage forms a flow restrictor for re-
stricting flow from said mouth to said inlet.

5. A device for conveying particulate material, com-
prising:

a. means defining a first passage for the flow of gas

under pressure,

b. means defining an outlet communicating with said

first passage,

¢. means defining an inlet particulate into said first

passage for the flow of the particulate material to
the first passage,

d. a constriction in said first passage for directing a
forced supply of gas along said first passage
towards said outlet to draw the particulate material
through said inlet and to cause the particulate ma-
terial to be entrained by the gas along said first pas-
sage to said outlet; and
. an inlet nozzle having means defining an axial inlet
passage aligned with and communicating with said
inlet, a mouth at one end of said inlet passage for
the entry of the particulate material into said axial
inlet passage, and a frusto-conical cuter surface
which tapers towards said mouth and converges
with said inlet passage at said mouth to form a

knife-edge around said mouth.
* * * * *
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