(12) (19) (CA) Brevet-Patent

OPIC CIPO
OFFICE DE LA PROPRIETE AT CANADIAN INTELLECTUAL
INTELLECTUELLE DU (CANADA “:\ PROPERTY OFFICE (11) (21) (C) 2, 1 15,363
86) 1992/08/07
87) 1993/03/04
(72) Taylor, John Andrew, US 45) 2000/02/22

(72) Caryk, Paul John, US
(73) BLACK CLAWSON COMPANY, INC., US

51) Int.C1.> BO1D 19/00. BO1D 45/12, B04C 3/00

30) 1991/08/23 (748,864) US

54) APPAREIL DE DESAERATION ET DE PREVENTION DES

MANQUES POUR MACHINE DE COUCHAGE DU PAPIERET

METHODE CORRESPONDANTE

54) PAPER COATER SKIP PREVENTION AND DEAERATION
APPARATUS AND METHOD

Z
_/éﬂ.

V. S S S

AR 38

N N N
l‘:;:-
=
N
Q \
(7~ 7~ 7

J

s

A N N N

AN

N
N

K

33 32

(57) Dispositif de désaeration servant a supprimerde 'air~ (57) Deaeration apparatus for removing entrained air
entrainc d’un liquide de revétement de papier et  from paper coating liquid includes a cylindrical vortex
comprenant un tube a tourbillons cylindrique (30) tube (30) with a vortex generator mnsert (50) formed with
comportant une piece encastree produisant des a helical flighting (53) surrounding a solid center shaft
tourbillons (50) constituce par une spirale (53) entourant (55). A reject condwit (42) 1s positioned at an end of the
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un arbre central fixe (55). Un conduit de rejet (42) est
situe a une extréemite du tube a tourbillons (30) au ni1veau
de son axe central en position €loignee de la spirale (53).
Le liquide de revé€tement de papier désacre sort par une
ouverture d’extremite (46) du tube a tourbillons (30). Le
gaz entrain¢ forme des bulles sur 1’arbre produisant des
tourbillons (55). Les bulles forment une colonne
s’¢tendant depuis 1'arbre (55) vers le conduit de rejet
(42). Le dispositif de désacration comprend une pluralite
de tubes a tourbillons (30) disposes parallelement et
possedant des conduits d’entree (34) et de sortie (39)
communs.
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vortex tube (30) and at the axial center thereof remote
from the flighting (53). The deaerated paper coating
liquad exits an outlet end opening (46) of the vortex tube
(30). The entrained gas forms bubbles on the vortex
generator shaft (55). The bubbles form a column
extending from the shaft (55) to the reject conduit (42).
The deaeration apparatus includes a plurality of vortex

tubes (30) arranged 1n parallel having common 1nlet (34)
and outlet (39) manifolds:
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Deaeration apparatus for removing entrained air from paper'

coating liquid includes a cylindrical vortex tube (30) with a vortex N 40 bl 1
‘generator insert (50) formed with a helical flighting (53) surrounding \ N - S - T W et
a solid center shaft (55). A reject conduit (42) is positioned at an end &“ \ ‘n\lﬂ\\\:\\\nm\\ »"“‘s
of the vortex tube (30) and at the axial center thereof remote from the Tamm 2 \
flighting (53). The deaerated paper coating liquid exits an outlet end g
opening (46) of the vortex tube (30). The entrained gas forms bubbles | E
on the vortex generator shaft (55). The bubbles form a column extend- e ~> w\ i
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PAPER COATER SKIP PREVENTION AND
DEAERATION APPARATUS & METHOD

Background of the Invention

This i1nvention relates to the art of paper
coating, and more particularly to method and apparatus by
which the size and quantity of entrained bubbles are
controlled 1n the coating liquid with the lowest practical
pressure drop and with a low reject rate.

Such coatings which can be troubled by gas

entrainment include mineral pigmented printing coating,

general purpose clay coatings, coating for thermal and
facsimile machines, and other specialty agueous and solvent-
based coatings.

Gas entrainment 1n coating ligquids has several
deleterious effects on the practice of coating. It prevents
the practice of the jet coating method by causing coating
skips or requires an excessively high recirculation rate to
overcome the problem. It creates small coating voids in the
final product. It can cause the coating to be discarded
when the gas concentration is too high for good coating
flow. 1In addition to requiring a high recirculation rate,
the current air removal devices induce a high pressure drop
and require a high reject rate, further increasing the
capital and operating costs of the coating system.

Large bubbles can bridge the orifice slot of the

coater, and cause a skip 1n the coating. The coating
station operator is forced to increase the width of the die
l1pg or the orifice slot so that it will pass the largest
expected entrained bubble without creating a void 1in the

shot flow. However, this results in the application of a

i
p—

heavier coating, and requires the doctoring off of a
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larger percentage of the coating. This coating 1s returned
for reuse, and the handling increasing the coating gas
content. The excess coating also loads the doctor blade
system. Inevitably, more coating material is used, and

5 later discarded when it is no longer practical to separate

the gas. Smaller bubbles which pass the die lips can also

Gas of any kind, but particularly in the form of a
10 large quantity of very small gas bubbles, also 18
detrimental to the guality of the coating. While small
bubbles, also known as microbubbles, can pass the die and
blade without localized adverse effects, they unbalance the
rheology and change the viscosity of the coating. The
15 coating weight and guality suffer. AS noted above, when the

coating becomnes laden, the coating material may become

useless.

20 " the design and use of cyclone or vortex type centrifugal
separator systems, with some success. However, in such
systems, certain problems persigst. These problems include
high pressure drops or a sudden onset of failure at certain
upper limit flow rates or high reject rates. Such systems

25  require a detailed knowledge of the anticipated flow rates.'
These excess rejectlon rate in the separator, excess
pressure drop, and an inability to extract fine bubbles
consistently or at all, have been typical. Low efficiency

of bubble separation translates into low production rates
30 and/or high costs for excess pumping capacity and wasted

coating material.
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Summary of the Invention

The i1nvention 18 directed to a cyclone or vortex
separator and method especially adapted for the removal of
entrained gas from highly viscous fluids, such as paper
coatings with systems of high efficiency and low back
pressure. The coating enters the inlet end of a vortex
tube, and 1s forced to spiral by a vortex generator in the
form of a helical or spiral baffle.

The centrifugal force of the swirlihg coating

creates a pressure gradient that decreases toward the center

" of the tube. A plot of this pressure gradient is nearly

constant over the length of the tube. Since a bubble
occuples a space 1n the pressure gradient, it has a higher
pressure on one side than on the other, and since 1t can not
maintain an i1nternal pressure difference, it moves toward
the tube center forming a gas reject column. A gas reject
phase pickup conduit is centered in the opposite outlet end
of the tube with an opening which faces the inlet end, and
extracts the bubbles along with some coating, thereby
leaving an annulus of essentially bubble-free material.

The vortex generator has a helical flighting
extending radially out of a center shaft to induce a

rotating movement to ligquid coating materials flowing

‘therethrough. It is removably positioned within the inlet

end of the tube, and the outer circumference of the
flighting forms a sealing fit with an inside diameter of the

tube. The separator tube has an overall L/D ratio of about

5/1 to about 8/1.
The location of the pickup conduit at the
downstream end of the tube provides several advantages.

Firgst, no flow reversal is required for the collection of
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the gas-rich phase. This provides an increase 1n efficiency
over prior arrangements which extract the gas at the inlet
end by flow reversal. Second, the arrangement permits the
internal flow to settle, the turbulence to abate, and the

5 flow to become laminar and stable. This 1s accomplished
within the L/D ratio, with a significant reduction in space

required to center the unwanted gas reject phase in the

tube.
when the bubbles are confined to a tight space,

10 the required overall reject flow rate may be reduced. The
"accepts" or bubble-free liquid flows through the annulus

‘defining the tube outlet. This is a region of higher
pressure drop, and the arrangement permits thais region to be
kept to a minimum, by keeping the reject conduit short and
15 . of small diameter. The entrance of the pickup conduit 1is
dimensioned only sufficiently large to accept the gas reject
phase and be small enough to limit the outflow guantity of
good coating and reduce back pressure at the annulus between
the pickup conduit and the inside wall of the separator
20  tube.
. . The spiral baffle configuration of the vortex
generator is a preferred construction, and contributes to
the high efficiency of the gseparator. It provides a large
flow open area for its size, with reduced pressure drop, and
25 a. relatlvely lower tendency to 1nduce turbulence over the \
' tangentlal 1n1ets used in prior ‘devices. The pitch of the
flighting can be radially changed or tailored to the fluid

rheology and bubble size requirements, while maintaining a

. common exterior design for all applications.
30 As previously noted, a gas reject column is formed

within the tube, the base of which tends to contain the

.
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larger bubbles beginning immediately above the end of the
generator center shaft. This column has a variable or
varying diameter where first forming at the immediate end of
the vortex generator, like a twisted rope, then becomes more
5 uniform as it approaches the inlet opening of the conduit.
The very small bubbles, known as microbubbles, tend to fall
into the column more toward the outlet end, and become a
part of the gas column. Since they are carried by the mass
flow though the tube, they are effectively collected at the
10 reject conduit, so that a concentrated microbubble rich mix
1s withdrawn through the pickup conduit along with the
discrete larger bubbles.
Another distinctive feature of the separator of
this i1nvention resides in the use of a gas collector conduit
15 positioned 1n an outlet end of the generator conduit and
formed with an open and unobstructed collection end on the
axial center of the vortex conduit. The axial length of the
separator 1s no longer than necessary for the flow to
stabilize therein, providing an length-to-diameter ratio as
20 previously mentioned and resulting in minimum pressure loss.
A coater gas separator system may be formed with

an 1nlet manifold, a plurality of identical vortex

geparators, and a good coating outlet manifold, with the
vortex separator/tubes in flow parallel to each other. A

25 punmp takes liquid coating material from a storage container
and applies 1t under pressure to the intake manifold, while
the gas-free coating is carried from the outlet manifold to
the coater inlet. The gas rich reject fraction is drawn off
the pickup conduits through throttling or flow control valve

30 and returned to a holding tank or to the main supply.



In one aspect of the invention, a method of
deaerating paper coating liquids prior to the application
of such liquids to a paper coating apparatus is comprised
of or 18 characterized by the steps of:

5 applying a coating liquid to be treated to an
axial flow, cylindrical separator tube having a vortex
generator at the inlet end in the form of a helical
flighting surrounding a solid center shaft, and éausing
the gas bubbles to coalesce in the tube into a conical

10 gas region. The base of the region is adjacent the end
of the vortex flighting, and the tip of the region
extends toward an opposite outlet end of the tube. The
steps further include providing in the tube a gas pickup
‘conduit at the tube outlet end spaced from the conical

15 gas region and positioned with an open end facing the

The method further includes causing the liquid coating to
pass through the generator from the inlet end through the
flighting to the outlet end at a rate sufficient to cause

20 discrete bubbles to be separated from the gas region' and
carried by the flow from the inlet toward the outlet end
into the conduit. The gas rich fraction is withdrawn
through the conduit and the deaerated coating liquid is
withdrawn from the outlet end for delivery to the coater.

25 In another aspect of the invention, a paper
coating system includes a coating, a source of liquid
paper coating material which contains entrained gas, and
a pump connected to draw coating material which includes
a cylindrical tube having an inlet end and outlet end,

30 and a vortex generator at the inlet end and a gas pickup
conduit at the outlet end, comprising or characterized by
the fact that the generator is formed with helical
flighting which forms at least one turn extending
radially from a center shaft, the gas pickup conduit has

35 a diametez: which 1s substantially less than the inside

-
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diameter of the tube and is supported at the tube outlet
end with an open end of the conduit facing the generator
and positioned on the axial center of the tube. An
outlet annulus is formed between the conduit and the
tube. The pump is connected to apply liquid coating
under pressure to the generator between the flighting and
the center shaft for flow through the flighting into the
interior of the tube so that the entrained gas forms a
cone-shaped gas region in the tube with the base of the
gas region at the inner end of the shaft. The conduit
open end has an inside diameter sufficient to receive gas
bubbles which are released from the apex of the gas
region and are carried by the flow of the flow of the
coating material toward the tube outlet end. The tube
outlet is connected to supply deaerated coating materials
to the coater and means are provided for receiving the
gas—-laden coating material fraction from the conduit.
Brief Description of the Drawing

Fig. 1 is a diagram of a papér coating system

employing deaeration apparatus according to this

invention;
Fig., 2 is a vertical sectional view through a

typical deaeration apparatus of this invention showing
the employment of a plurality of parallel connected

vortex tubes;
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Fi1g. 3 18 a view of the separator apparatus with
the top removed to expose the tops of the vortex tube: and

Fig. 4 1s an enlarged view of the top end of a
vortex tube showing the extraction conduit in section and
the centering spider.

Description of Preferred Embodiment

Referring to the figures of the drawing which
1llustrate a preferred embodiment of the invention, a

deaeration system for a paper coater according to this

1nvention 1is diagrammatically illustrated in Fig. 1. The

coating system 1ncludes a coater 10, which may be a "Vari-

Dwell*n type blade coater as manufactured by The Black

[ -

Clawson Company, and as described in U. S. Patents Nos.,
3,301,214; 3,609,810, RE 31,695; 3,187,718; 3,882,817 and
4,231,318.

A typical coater system 18 illustrated in Fig. 1
1in which a tank 12 contains a source of liquid paper coating
material, such as a starch and clay material, which contains
entrained gas, such as air. A pump 13 1s connected to
withdraw coating from the tank 12 for application to the
coater 10, through a filter 14 and a deaeration device 20 1in
accordance with this invention. The flow from the
deaeration device 20 may be controlled by control valves 21
leading to the coater 10 and a by-pass valve 22 leading back
to the tank 12. The overflow from the coater head 1itself,
as well as the excess material doctored off by the doctor
blade 24 may be caught in a collector pan 25 and
conventionally returned to the tank 12. Of course, this
material contains with it a substantial gquantity of
entrained air, much of which cannot be readily separated

merely by allowing the same to settle 1n the tank.

*Trademark
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Fig. 2 represents a vertical section through a
typical deaeration apparatus 20 in accordance with this
invention. The apparatus 20 includes a housing divided
generally i1nto a lower section 25 and an upper housing
gsection 26, in which a plurality of individual vortex
separator tubes 30 extend between the housing sections. The
lower housing section 25 includes a fitting 32 defining a
coating inlet 33 through which coating material to be
deaerated enters from the pump 13 and filter 14. The inlet
33 opens i1nto an inlet manifold portion 34 which is in
common with the inlet ends of the respective vortex tubes
30. Preferably, depending upon the capacity of the system
and the demands of the coater, a plurality of vortex tubes
are used in flow parallel. 1In fig. 2, and also as
1llustrated in Fig. 3, a plurality of seven identical vortex
tubegs 30 are disclosed, extending between the housing
sections 25 and 26.

The lower hdusing section 25 18, at the intake
manifold 34, closed by an upper plate 36 into which the
lower ends of the vortex tubes 30 are extended and sealed,
to receive coating from the manifold 34. The upper hbusing
or body section 26 1is similarly provided with a lower plate
38 through which the upper ends of the vortex tubes 30 are
extended, for discharge into an outlet manifold 39 and a

deaeration apparatus common outlet 40,

Individual reject conduits 42, described

hereinafter in greater detail, extend through the manifold

39, to flow control valves 43. The lower ends of the reject

conduits 42 extend into the interior of the upper or exit
ends of the tubes 30, and provide a path by which a gas-

laden or gas-rich mixture fraction is withdrawn from the

) oA P A ARG ™y U T 1 e .. . . . L P T T T . . . 3
! W'“”‘“““'“»MW#MWM.4wmwamwmvmmmm~mmmw‘m_w"' e eiivae



CA 02115363 1999-07-21

WO 93/03817 B o PCT/US92/06626

10

15

20

25

30

coating, as described hereinafter in greater detail. The
outlets of the valves 43 connect to a collection vessel 44
which empties into the supply tank 12.

The heart of the deaeration apparatus 20 comprises
the individual vortex tubes 30, with an inlet end 45 opening
into the inlet manifold 34 and an outlet end 46 opening into
the outlet manifold 39. Each of the tubes 30 may be

ldentical in construction and are in flow parallel when

"mounted within the apparatus 20.

Each of the tubes 30 has a vortex generator in the
form of an insert 50 at the inlet end. The vortex insert or
generator 50 1s a short section of screw-type flighting
which is removably received within the inlet end 45 of the
tube 30 and has an end received against a shoulder 47 of the

tube, for defining an accurate location of the vortex

generator.
The generator 50 has a helical flighting 53 which

extends radially from a solid center shaft 55. The outer

circumference of the flighting 53 defines a circle or, more

‘accurately, a cylinder which i1s closely fitted within the

1nside walls of the tube 30, so that all of the coating
ligquid applied to the inlet end must follow the spiral space
between the flighting for exit into the interior of the tube

-'30. Preferably, the generator 50 has more than one turn of

the flighting and preferably has approximately 1-1/2 to 2

turns as shown.

The generator 50 may be considered as a spiral
baffle or a section of screw flighting which defines, with
the inside wall of the tube 30, a spiral inlet opening

which provides angular acceleration to the flow of the

coating liquid therethrough, thereby creating a centrifugal

A= Se > be .- . . . ° . .
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force and a vortex action to the coating material as it
enters the interior of the tube 30. 1In a typical example,
the pitch of the flighting may be approximately 0.55
lead/diameter, while the center shaft 55 has a diameter

5 which 1s about 25% or less than the diameter of the
flighting.

The i1nner ends of the reject conduits are extended
somewhat 1nto the i1nterior of the tubes 30, as 1llustrated
at 60. The 1inner end defines an inlet opening which 1s 1in

10 facing relation to the end of the generator insert 30, and
18 precisely positioned on the axial center of the tube by a
location spider 65, best 1llustrated in Fig. 4. Preferably,
the spider 65 has three equally spaced legs which locate and
retain the inner end 60 of the conduit 42 and define open

15 spaces 66 therebetween for outflow of deaerated coating
material through the tube outlet 46.

While the spacing between the end of the vortex
generator 30 and the inlet end 60 of the conduit 42 1s not
critical, it must be sufficient to permit the vortex to

20 stabilize within the tube 30. Excess generator tube length

is avoided asgs it contributes to increase 1in back pressure,

=

ficiency.

and accordingly, loss of e:

For a 1 inch diameter tube .30, a spacing of from
4-6 inches between the inner end of the insert 30 and the
25 inlet end of the tube 42 has been found to be satisfactory,

as an example. The overall length to diameter ratio of the
vortex tubes 30, including the generator insert 50, may be
in the order of about 5:1 to 8:1, as an example, and the
tube may have a diameter from about 3/4" to 2 inches.

30 The center shaft 55 of the vortex generator 50

agsists in the collection of bubbles from the liquid coating
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material. After about one turn or revolution of the

- flighting 53, the bubbles begin to coalesce and collect on

the outer surface of the center shaft 55. As the bubbles
leave the generator, they tend to coalesce into a common gas
column or core 70 having a base at the immediate end of the
insert 30 in axial alignment with the shaft 55. The gas
column 70 may extend with an apex or tip toward or into the
inlet end 6C of the conduit 42. This gas column 70 settles

‘on the axial center of the vortex tube 30 and.tends to

remaln relatlvely stable at the portion thereof as it enters
the opening of the condult 42.

As additional bubbles of gas enter into the column
70, and if the envelope defined by the column 70 does not
extend into the conduit 42, and gas bubbles are released
from the apex or tip of the column 70 and progress along the
axis to the inlet end 60 of the conduit 42. Such discrete
gas bubbles tend to be of a specific size, and are carried

along the length of the tube 30 by reason of the mass flow
of coating from the inlet end 45 to the outlet end 46. The

inlet end 60 of the reject-receiving conduit 42 1is

particularly sized to accept such discrete bubbles. Where

there is sufficient gas to form a column 70 which extends to

the. conduit 42, it is taken by the flow into the inlet end

.60, In the example given above, a conduit tube 42 having an

~inlet openlng 3/8” in diameter has been found to prov1de

satlsfactory results w1th a one inch diameter vortex tube
30.

As previously described, the very small micro-
bubbles, which do not themselves produce skip, nevertheless
tend to collect in a concentrated region on the axis of the

vortex tube 30. Since there is no reversal of flow within
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the tube, as 18 common with other air separation devices,
these small bubbles move along with the mass flow and are,
to a large extent, accepted within the opening 60 of the
reject conduit 42 along with the larger discrete bubble 75.
The heavily air-laden material collected from the conduits
42 may not necessarily be directly returned to the tank 12,
but rather, may be diverted to the holding tank 44 in order
to allow for gravitational separation of the light and heavy
fractions i1n time, to permit the return of a heavier or
clearer bubble-free fraction to the body of the supply.

Due to the relatively low back pressure of the
individual vortex tubes 30, the coating supply system of
this invention need not be operated at relatively high
pressures. Typically, the pump 13 may deliver the liquid
coating material to the inlet 33 at about 20 psi, providing
a flow rate through the individual cells or vortex tubes of
about 15 gallons per minute. '

The deaerated coating phase leaving through the
outlet end 46 between the legs of the spider 65, 1in the
gpaces 66, 1s essentially free of any entrained bubbles
which could cause a skip at the coater, and 18 also

relatively free of the smaller non-skip producing bubbles,

such as microbubbles. Since flow reversal does not occur

in the tubes 30, substantially increasing the i1nlet pressure
will result in an increased flow rate and separation
efficiency, as opposed to a catastrophic breakdown or
failure of the separation process as 1is typical in the case
of cyclone or vortex separation devices which have a reverse
extraction or reverse flow, that is, those in which the

lighter fraction 1is taken out in an axial direction which
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differs from the direction of extraction of the heavier

fraction.
While the form of apparatus herein described

constituﬁes a preferred embodiment of this invention, it is
to be understood that the invention is not limited to this
precise form of apparatus, and that changes may be made
therein without departing from the scope of the invention
which is defined in the appended clainms.

wWhat is claimed 1s:

......
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CLAIMS
1. A method of deaerating paper coating liguids

prior to the application of such liguids to a coater,
comprising the steps of:

applying a coating liquid to be treated to an
axial flow cylindrical separator tube having a vortex
generator at the inlet end in the form of a helical
flighting surrounding a solid center shaft and causing the
gas bubbles to coalesce in said tube into a conical gas
region, the base of which 1s adjacent the end of said
flighting and the tip of which extends toward an opposite
outlet end of said tube,

providing in said tube a gas pickup conduit at
said tube outlet end spaced from said conical gas region and
positioned with an open end facing said flighting and on the
axial center of said tube,

causing sald coating liquid to pass through said
generator from said inlet end through said flighting to said
outlet end at a rate sufficient to cause discrete bubbles to
be separated from said gas region and carried by the flow
from said inlet toward said outlet end into said conduit,

withdrawing a gas-rich fraction through said
conduit, and

withdrawing deaerated coating liquid from said

outlet end for delivery to such coater.
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2., A method of deaerating a paper coating liquid .

during passage thereof through a piping line to a coater,
comprising the steps of:

installing in said line an axial flow cylindrical
vortex tube having inlet and outlet ends and having a vortex

generator at said inlet end in the form of helical flighting

of uniform radius surrounding an imperforate center shaft,

gsald tube also having at said outlet end thereof a

'gas pick-up conduit having an open end spaced from and

facing said flighting on the axial center of said shaft,

forcing said coating liquid to flow through said
tube from said inlet end to said outlet end at a velocity
which causes gas bubbles in said liquid to coalesce into a
generally conical gas region the base of which is adjacent
the end of said shaft and the tip of which extends toward
sald outlet end of said tube, and also causes discrete
bubbles to be separated from said region and carried by the
flow through said tube from said inlet end toward said

outlet end,

withdrawing a gas-rich fraction from said conduit,

and

causing the remaining said coating liquid to flow

from said outlet end of said tube toward such coater.



WO 93/03817 CA 02115363 1999-09-07 PCT/US92/06626

-16-

3. In a paper coating system including A coater, a

source of liquid paper coating material containing

entrained gas, and a pump connected to said source, the

improvement in deaeration apparatus for removing such gas
O from said coating material, comprising:

a cylindrical tube having an inlet end and an
outlet end, a vortex generator at said inlet end, said
generator having a helical flighting formed with at least
one turn extending radially from a center shaft,

10 a €as pickup conduit having a diameter
substantially less than the inside diameter of said tube,

means supporting said conduit at said tube
outlet end with an open end of said conduit facing said
generator and positioned on the axial center of said tube

15 1in spaced relation to said insert defining an open space
therebetween, a coating material outlet annulus between
sald conduit and said tube,

means for applving liquid coating under
pressure from said pump to said ¢enerator between said

¢0 flighting and said shaft for flow through said flighting
into the interior of said tube such that the entrained
gas forms a cone-shaped gas region in said open space
with the base of said gas region at the inner end of said
shaft,

25 said conduit open end having an inside diameter
sufficient to receive gas bubbles which are released from
the apex of said gas region and are carried by the flow
of coating material toward said tube outlet end,

means connecting said tube outlet annulus to
30 supply coating materials which are deaerated to said

coater, and

means for receiving a gas laden coating

material fraction from said conduit.
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4. The system of claim 3 in which the length to

diameter ratio of said tube including said generator is
from 5:1 to 8:1.

5. . The system of claim 3 in which said generator

flighting extends about 1-1/2 turns.

6. The system of claim 4 in which said tube is

about one inch in inside diameter.

7. The system of claim 6 further comprising a
Plurality of said tubes, and means connecting said tubes

in flow parallel to each other.
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