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APPARATUS AND METHOD FOR TRANSPORTING
FLUID-ENTRAINABLE PARTICLES

This is a continuation of application Ser. No.
222085, filed Jan. 31, 1972, now abandoned.

BACKGROUND OF THE INVENTION

The present invention relates to a method and appa-
ratus for rapid transportation of fluid-entrainable parti-
cles.

A phenomenon known as the “Coanda effect” has
been known for many years, as exemplified by U.S. Pat.
No. 2,052,869 Coanda. Briefly, this phenomenon can
be described as the tendency of a fluid, which emerges
from a slit under pressure, to attach itself or cling to
and follow a surface in the form of an extended lip of
the slit, which lip recedes from flow axis of the fluid as
it emerges from the slit. This creates a zone of reduced
pressure in the area of the slit and so air or any other
entrainable material which is in the zone will become
entrained and flow with the fluid which has attached
itself to the extended lip. A Coanda nozzle may, there-
fore, be defined as a device which utilizes this phenom-
enon.

Different uses have been suggested for Coanda noz-
zles; and, for example, one such use has been in the
transportation of liquid or solid particles as disclosed in
U.S. Pat. No. 2,720,425 wherein internal nozzles are
used.

It is also known (see, for example, an article by Dr.
G. K. Korbacher, appearing in the January 1962 issue
of Canadian Aeronautics and Space Journal, entitled
“The Coanda Effect at Deflection Surfaces Detached
from the Jet Nozzle”) that a fluid emerging from a slit
under pressure will attach itself to and follow a reced-
ing deflection surface even though the surface is spaced
from the slit, and such flow attachment also causes a
zone of reduced pressure and subsequent entrainment
of air or other material in the zone of the attached flow.

Even though Coanda nozzles have been effectively
used to rapidly transport particulate material, as sug-
gested by U.S. Pat. No. 2,720,425 Coanda, it is often
desirable, especially if the material is somewhat ag-
glomerated, to subject the material to a greater ruptur-
ing or disseminating force than is achieved by mere
rapid in-line movement of entrained material, and it
would be desirable to accomplish this during transpor-
tation rather than require a separate operation to do so.
Materials having different characteristics (eg., different

specific weights) are often transported in mixed form,

and it would be desirable to provide at least some de-
gree of separation or classification of the material dur-
ing transportation thereof. Other times, it is desirable
to provide good mixing of the material being trans-
ported during transportation thereof.

SUMMARY

In accordance with one aspect of the present inven-
tion, fluid-entrainable particles are entrained in a mov-
ing fluid and advanced with the fluid along a first flow
path. A rapidly moving fluid curtain is provided which
intersects this first flow path, and a flow-attachment
surface is spaced from the fluid-curtain generator for
the curtain to attach itself to and follow. The fluid cur-
tain acts in a manner to subject the particles to shock
due to rapid deceleration of the particles; and, if the
particles have not developed sufficient inertia to pene-
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2

trate the curtain, they will be reaccelerated and en-
trained for flow with the fluid curtain. While such
shock may be sufficient to desirably break up agglom-
erated particles, it also provides a zone of intimate mix-
ing for particles which follow the fluid curtain. If there
are other entrained particles that have developed suffi-
cient inertia to penetrate the fluid curtain, such pene-
tration will take place to separate the material which
penetrates from the material which is entrained with
the fluid curtain.

Other aspects of the invention reside in the particular
means for entraining the particles, and yet other as-
pects reside in taking advantage of the Coanda effect
to provide the flow-attachment of a fluid curtain to a
surface to which the fluid curtain becomes attached
and follows. ‘

BRIEF DESCRIPTION OF THE DRAWINGS

An embodiment of the present invention is illustrated
in the accompanying drawings in which:

FIG. 1 is a side elevational view of the apparatus of
this invention, with parts broken away for clarity;

FIG. 2 is an enlarged side view of one of the nozzle
assemblies of FIG. 1, with parts broken away for clar-
iy;

FIG. 3 is an enlarged side view of another of the noz-
zle assemblies of FIG. 1, with parts broken away for
clarity;

FIG. 4 is a sectional view taken on the line 4—4 of
FIG. 2;

FIG. 5 is a reduced sectional view taken on the line
55 of FIG. 1, with parts removed for clarity; and

FIG. 6 is a sectional view taken on the line 6—6 of
FIG. 1. :

GENERAL DESCRIPTION

Referring to FIG. 1, particulate material to be trans-
ported is supplied from a hopper 10 to a first flow path
11 for the material, which flow path is defined by the
internal surfaces of a first nozzle assembly 12. This ma-
terial is entrained and rapidly transported in a suitable
fluid, such as air, in the direction of the arrow leading
from inlet end 13 to outlet end 14 of the first flow path
11. ‘

A fluid-curtain generator in the form of a second noz-
zle assembly 185 is positioned adjacent the outlet end of
the first flow path so as to generate a high velocity fluid
curtain, such as high velocity air, which emanates from
a fluid-exit slit 16 in the second nozzle assembly, to
provide a fluid-curtain barrier which intersects the first
material flow path 11 at the outlet end thereof. The
fluid curtain is directed from the slit 16 to a flow-
attachment surface 17, which at one end is in the form
of a convexly curved, external end of nozzle 12 and the
convexly curved end is spaced in close enough proxim-
ity to the slit 16 for the fluid curtain to attach itself to
and follow surface 17 due to the aforementioned Co-
anda effect. In preferred form, the fluid curtain moves
in a direction intersecting the first flow path at an angle
substantially perpendicular thereto. The fluid curtain
carries any entrained particles with it as it follows along
external nozzle surface 18 in the direction of the ar-
rows. This fluid curtain entrains additional air from an
external source (such as the atmosphere) which enters
from around the end 19 of shroud 20 to further reduce
the particle concentration by entrainment of additional
air. The internal surface of shroud 20 together with the
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external surface 18 of the first nozzle assembly define
a second flow path 21 having an inlet end in communi-
cation with the outlet end of the first flow path 11. The
flow-attachment surface is so positioned as to prefera-
bly change the direction of flow of any particles en-
trained by the curtain at least 90° with respect to the
direction the particles were traveling in the first flow
path.

In the preferred embodiment illustrated in the draw-
ings, any particles which have been entrained by the
fluid curtain then move along the second flow path in
the direction of the arrows, and the direction of move-
ment of the particles in the second flow path 21 is op-
posite or 180° to the direction the particles have moved
along the first flow path 11.

The entrained particles are moved from the second
flow path into any suitable collector 22. While the type
of collector is not critical, it has been illustrated as a re-
ceptacle having a screen 23 to permit air to pass out of
the receptacle while retaining the particles therein.

At the outlet end prior to encountering the fluid cur-
tain in the first flow path 11, the particles are at a rather
high velocity, preferably at least 40 feet per second
when the entraining fluid is gaseous, such as air. The
fluid curtain emanating from slit 16 which intersects
this flow path also is moving at a high velocity which is
preferably at least 300 feet per second when a gaseous
fluid, such as air, is used to provide the curtain. The
particles upon contact with the fluid curtain thereby
undergo a rather violent shock so as to cause a rupture
or breaking up of any agglomerated particles. If the
particles have not achieved sufficient inertia to pene-
trate the fluid curtain, they will be entrained in the fluid
curtain and move along the second flow path 21. There
may, however, be particles which have achieved suffi-
cient inertia in the first flow path 11 to penetrate the
fluid curtain. These particles, after penetrating the cur-
tain, are moved by suitable means for conveying them
in a direction away from the second flow path of the en-
trained particles.

Actually, the particles which penetrate the curtain
may be classified further into two general types,
namely, those which have developed sufficient inertia
to penetrate the fluid curtain without substantial de-
flection of the particles, and those which are partially
deflected by the air curtain, but which, due to centrifu-
gal force, do not follow the air curtain but are expelled
therefrom in a direction extending substantially 90°
from the direction of flow in the second flow path 21.
This further classification is optional and, if desired, all
of the material which penetrates and is not moved
along the second flow path 21 could be collected into
a single fraction.

To summarize, the present invention in a preferred
embodiment not only has capability of exerting forces
by contact of particles with the fluid curtain which
causes deagglomeration and intense mixing in the zone
of the curtain, but the invention also has capability of
classifying particles into three general fractions, de-
pending on the inertia achieved by the particles at the
outlet end 14 of the first flow path. A first fraction are
the particles which do not develop sufficient inertia to
penetrate the curtain or have lost inertia due to deag-
glomeration, and the particles in the first fraction are
entrained by the fluid curtain and moved along the sec-
ond flow path 21. A second fraction are those particles
developing sufficient inertia to penetrate the curtain

15

20

25

30

40

50

60

4

without being substantially deflected; and the particles
in the second fraction enter the zone between suitable
conveying means in the form of another Coanda flow-
attachment surface 24 and a shroud 25 where they are
moved to. any suitable collector. Fluid for entraining
this second fraction is supplied from slit 26 which is lo-
cated on the opposite side of the fluid curtain supplied
by slit 16 from the first nozzle assembly 12. A third
fraction are those particles developing an inertia be-
tween that developed by the first and second fractions.
This third fraction is expelled from the air curtain into
a suitable collector 27.

In order to obtain an understanding of the structural
detail of a preferred embodiment for a first nozzle as-
sembly 12 supported within generally cylindrical
shroud 20, reference should be made to FIGS. 3 and 6,
viewed in connection with FIG. 1. The shroud 20 is
supported from any suitable supporting base 28
through the medium of a clamp member 29.

The first nozzle assembly 12 has a main body portion
in the form of an elongated diffuser member 30 which
is supported concentrically within and spaced from the
inner surface of shroud 20. The diffuser member is an-
nular in cross-sectional configuration in that it has a
generally cylindrical outer surface 18, and an inner sur-
face 31 which diverges from a throat portion 32 to out-
let end 14. The external surface of the diffuser is pro-
vided with an externally-threaded, recessed portion at
the throat end 32 to receive a first fluid-exit slit-
forming member 33. The member 33 is annular in
cross-sectional configuration and one end thereof is
provided with internal threads 34 for receiving the
threaded end of the diffuser member. As seen at FIG.
3, the inner surface 35 of member 33 is convexly
curved and the end 36 opposite the threaded end is uti-
lized to define one side of fluid-exit slit 37. This slit 37
is located adjacent the inlet end 13 of the first flow path
for the material. The inner surface 35 of member 33,
together with the material inlet end of diffuser 30, de-
fines a throat portion 32 for the first material flow path
in that the surface 35 converges from the slit 37 toward
the throat. The opposite side of fluid-exit slit 37 is de-
fined by an inwardly projecting flange 38 on an annu-
lar, external slit-defining member 39. A recessed exter-
nal surface 40 on member 33, together with internal
surface 41 on member 39, defines a fluid-pressure
chamber 42 which is in communication with slit 37,
and the chamber receives fluid, such as air, under pres-
sure from a suitable fluid-supply line 43. The fluid
under pressure therefore emerges from the slit and, due
to the Coanda effect, attaches itself to and follows sur-
face 35 in a converging path to the throat 32. From the
throat, the flow path diverges to the outlet end 14 of
the nozzle assembly 12. This rapidly moving air estab-
lishes a zone of reduced pressure on the opposite side
of slit 37 from surface 35 so that the rapidly moving air
entrains additional air and any particulate material lo-
cated in this zone of reduced pressure. Particles en-
trained by this fluid are thereby rapidly transported
from inlet end 13 to outlet end 14 of the first flow path
defined by internal surfaces of the first nozzle assem-
bly.

It is desirable to provide means for adjusting the size
of slit 37; and, to accomplish this, there is a threaded
connection at 44 between the members 33 and 39.
Therefore, if member 39 is turned in one direction, the
slit size is increased, and if it is turned in the other di-
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rection, the slit size is decreased. In order to permit an
operator to ascertain the extent of increase or decrease
of the slit size without actual measurement, a spring-
biased detent 45 extends slightly from the recessed sur-
face of diffuser member 30. Cooperating with the de-
tent 45 is a plurality of countersunk portions 46 formed
in and equidistantly spaced around the end of member
39, If, for example, there are 36 countersunk portions,
the operator will know that the member 39 has to be
turned 10° to move the detent from one countersunk
portion into the one next adjacent. Because of the
threaded connection of member 33 to member 39, the
operator can readily ascertain that each turn of 10°% de-
pending on the direction, will increase or decrease the
size of slit 37 a predetermined amount, depending on
the thread pitch in the threaded connection. A sealing
ring 47 is wedged between the outer surface of member
33 and the inner surface of member 39.

To further complete the outlet end 14 of the nozzle
assembly 12, an annular member 48 is affixed thereto
through the medium of fasteners 49. The member 48
has a convexly-curved, external surface to provide the
aforementioned flow-attachment surface 17 for the
fluid curtain which exits from slit 16 in the second noz-
zle assembly 185.

A conical member 51 is secured to member 39 by ap-
propriate fasteners 52, and the external converging sur-
face of this conical member, therefore, acts as a dif-
fuser in. the sense that the cross-sectional area of the
second flow path 21 is gradually increased as the parti-
cles move in a direction toward the point 53 of the con-
ical member. A material supply duct 54 leads to an in-
ternal cavity 55 in the conical member, and this cavity
is in direct communication with the first flow path 11
leading from slit 37, to continually supply material to
be transported to the zone adjacent the slit for entrain-
ment of such material by fluid exiting from the slit be-
cause of the aforementioned Coanda effect.

Structural details of a preferred embodiment of a sec-
ond nozzle assembly 15 are illustrated at FIG. 2. A gen-
erally cylindrical outer fluid conduit member 56 has a
fluid supply duct 57 in communication therewith, and
an exterior collar 58 having a sloping exterior surface
59 extends concentrically around and is secured to the
outer surface of the conduit 56, An inner, generally cy-
lindrical, fluid conduit member 60 is supported con-
centrically within and spaced from the outer member
56, and this inner conduit is in communication with
supply duct 61. An extension 62 for conduit 60 is uti-
lized to convey fluid under pressure from conduit 60 to
fluid-exit slit 16 via openings 63 which lead to a cavity
64 in communication with this slit. The extension mem-
ber 62 is connected to conduit 60 through the medium

of an annular connector member 65. External, re-
" cessed, surface portions 66 of the connector member
65 are threaded to receive the internal threads of annu-
lar, fluid-exit slit-forming member 67 which has a con-
vex outer surface portion 68 leading away from slit 26
to form one boundary for this slit. The member 67 has
countersunk portions 70 formed therein at one end
thereof for receiving a spring-biased detent 71 in exten-
sion member 65 to permit adjustability of the size of slit
26 in the same manner as was explained in connection
with adjusting the slit size in first nozzle member 12. A
sealing ring 72 is wedged between the outer surface of
connector member 65 and the inner surface of member
67.
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Spacer rings 73 are positioned around. extension
member 62 to wedge a ring-like fluid-exit slit-forming
member 74 into place between a circumferential exter-
nal flange 75 on the extension member 62 and a cir-
cumferential external flange 76 on connector member
65.

Surface 77 on flange 75 defines one boundary of
fluid-exit slit 16. The other boundary of slit 16 is de-
fined by an extension lip 78 on a collar 79, which collar
is threaded onto external threads 80 on extension mem-
ber 62 so that the size of slit 16 can be adjusted by turn-
ing collar 79 in relation to member 62. The flange 75
and collar 79 have complementary, generally cylindri-
cal, external surfaces and are of such a size so that the
slit 16 can be placed concentrically within the same
plane as the plane defined by the extreme left end (as
viewed in FIG. 1) of flow-attachment surface 17.

Means for permitting the operator to determine the
extent of increase or decrease in the size of slit 16 is
provided by a spring-biased detent 81 in surface 82 of
collar 79, which detent is adjustably received in coun-
tersunk portions 83 in ring-like member 84, the latter
number also being threaded onto the extension mem-
ber 62. A sealing ring 85 is wedged between the outer
surface of member 62 and the inner surface of member
79. A nose cone 86 is threaded onto the extreme right
end (as viewed at FIG. 2) of extension member 62. As
seen at FIG. 1, the nose cone projects from slit 16 con-
centrically into the end of the first nozzle 12, and the
cone 86 serves as a guiding surface causing particles in
the first flow path to be moving at substantially right
angles to the fluid curtain when contact is made with
the curtain.

Fluid under pressure reaches chamber 87 supplying
fluid to the slit 26 via openings 88 through connector
member 65. Fluid exiting from slit 26 attaches.itself to
surface 68 and follows this surface due to the afore-
mentioned Coanda effect. This attached fluid entrains
additional air and any particles which are in the vicinity
of the slit. Externally spaced, cylindrical shroud 25, to-
gether with surface 24, defines a flow path for material
moving along surface 24 in the direction of the arrows
(FIG. 1).

As indicated above, collector 27 is utilized to collect
those transported particles which have not developed
sufficient inertia at the outlet of the first nozzle 12 to
continue in a straight path so that the particles are de-
flected by the air curtain and expelled into this collec-
tor. As illustrated at FIGS. 1 and 5, the collector 27 has
a curved, inner circumferential surface 89 which coop-
erates with back wall 89 so as to only partially enclose
the space between shrouds 20 and 25, leaving a space
90 for additional air to be entrained from the atmo-
sphere. Such entrainment of additional air is caused
due to flow attachment on surfaces 17 and 24 by air ex-
iting from slits 16 and 26. Optionally, an enclosed
chamber could enclose space 90 with air being supplied
under pressure to the chamber. An internal, curved di-
vider 91 in the collector defines an inlet 92 for receiv-
ing air to be entrained through this inlet or received
under pressure, and an outlet 93 for removing air and
any material entrained thereby. The air from inlet 92
follows a tangential swirling flow path around the inner
surface of the collector and leaves through outlet 93
carrying entrained material with it. Centrifugal forces
throw the particulate material against surface 89 and
the flow causes the material to follow this surface to



3,859,205

7

outlet 93. Instead of using a positive pressure air to sup-
ply inlet 92, it is possible to utilize a Coanda nozzle (not
shown) in outlet 93 which directs air and entrained ma-
terial outwardly for removal from the collector.

An L-shaped supporting frame member 94, which is
generally rectangular in cross-section, is secured to the
clamp 29 to adjustably support the second nozzle as-
sembly 15 therefrom. The supporting arrangement is
such that the first and second nozzle assemblies are ad-
justably supported relative to each other to permit ad-
justment of the position of the fluid-exit slit 16 relative
to external flow-attachment surface 17 of the first noz-
zle assembly. A complementary L-shaped supporting
frame member 95 extends through shroud 25 and is se-
cured at one end to the second nozzle assembly 15. The
other end of the frame 95 has a nose portion 96 having
a threaded aperture 97 extending therethrough and, as
is clear from FIG. 1, the end of frame 95 is snugly posi-
tioned within one leg of frame 94. A crank arm 98 is
rotatably supported on frame 94, and the crank is used
to turn a threaded shaft 99 which is received in
threaded aperture 97. Thus, rotation of crank arm 98
will impart horizontal movement to second nozzle as-
sembly 15 with respect to first nozzle assembly 12 and
so this provides means for adjusting the position of exit
slit 16 on the second nozzle assembly 15 relative to the
flow-attachment surface 17 on the first nozzle assembly
12. »

Reference should be made to FIG. 1 for illustration
of proper relative positioning of the component parts
of the apparatus of this invention. The slit 16 should be
in approximately the same place as a plane into which
all points on the extreme left tip (as viewed at FIG. 1)
of the attachment surface 17 would fall. It is possible,
however, to obtain flow attachment of the fluid curtain
from slit 16 onto surface 17 by moving the slit as much
as one-half inch to the left of the plane. It is usually not
desirable to move the slit to the right of the plane be-
cause, while it is still possible to get some flow attach-
ment of the fluid curtain onto surface 17, positioning
of the slit to the right of this plane generates back pres-
sure and instability of flow in the first nozzle assembly
12.

As has been indicated above, means are provided for
adjusting the width of slits 16, 37 and 26. It is desirable
that this range of adjustability permits the slit width to
be adjusted between a range of 0.001 inch to 0.150
inch. For most uses presently contemplated, the slit
width which is chosen will lie between about 0.003 inch
and 0.050 inch.

For a given slit width, an increase in the pressure of
fluid that is supplied to the slit will increase the velocity
of the fluid as it exits from the slit and moves over its
flow attachment surface; and, therefore, the velocity
imparted to the material entrained in this fluid will in-
crease. Pressures that may be used in supplying trans-
porting fluid to the slits may vary over a rather wide
range, such as between about | psig and 400 psig, de-
pending on the velocity it is desired to achieve and the
nature of the operation desired to be performed on the
material being transported. For most uses presently
contemplated, the pressures of the fluid supplied to the
slits will lie between about 5 psig and 100 psig.

It is important that the velocity of the fluid with its
entrained flow supplied from slit 37 when it reaches the
outlet end 14 of the first flow path 11 not be so great
as to cause detachment of the fluid curtain supplied by
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slit 16 onto surface 17. Otherwise, none of the material
would follow the second flow path 21. Therefore, in
most instances, the operator will select the pressure he
desires for fluid exit from slit 16, and initially cause
fluid to exit from this slit and attach itself to follow sur-
face 17. The operator will then gradually raise the pres-
sure of the fluid exiting from slit 37 until a value is
reached where the flow of the fluid curtain supplied
from slit 16 detaches from the surface 17. This is the
limiting pressure to slit 37. For the slit sizes chosen, the
fluid supplied to slit 37 must then be at a pressure iess
than would cause flow detachment from surface 17.
Conversely, an operator could first predetermine a re-
quired material through-put rate achieved by adjusting
pressure and slit size for slit 37. The operator may then
gradually raise the pressure and/or adjust slit size of

~ exit slit 16 until a condition of flow attachment of the
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curtain from slit 16 to surface 17 is obtained.

As indicated above, the flow velocities, as governed
by pressures and slit sizes, chosen for the entraining
fluid in flow path 11, as compared to the flow velocity
of the fluid curtain from slit 16, will depend on the type
of operation that it is desired to perform on the mate-
rial being transported. If, for example, the material
being transported includes a mixture of two types of
material (one type of which is capable of developing
higher inertia than the other), and if separation of the
two types of material is desired, then it will be desirable
to establish as high a velocity as possible in flow path
11 without causing detachment of the curtain from at-
tachment surface 17.

On the other hand, if it is mostly desired to cause a
breaking up, mixing or deagglomeration of particles
being transported, then the velocity of the fluid curtain
from slit 16 will be adjusted to be high in relation to the
velocity of the particles transported in first flow path

- 11. In the latter instance, it will be highly preferable to
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utilize a higher pressure for the fluid that supplies slit
16, as compared to the pressure of the fluid that
supplies slit 37. ’

While, as indicated above, velocities imparted to the’
entrained material may be varied, it is preferable to ad-
just the pressure and slit size for the material to achieve
a velocity of at least 40 feet per second at the outlet end
of flow path 11, and to adjust pressure for the fluid cur-
tain from slit 16 to achieve a velocity of at least 300
feet per second, these stated velocities being for most
types of particles and where a gaseous entraining fluid
is used to transport the particles.

The specific type of material or particles to be trans-
ported, so long as they are entrainable in a fluid, are not
critical to the present invention.

Particles are any fluid-entrainable materials which
may be entrained in the transporting fluid at the veloci-
ties employed. Thus, in certain instances, it may be de-
sirable to transport such particles as ground metallic
ores, metal particles, cereal grains, wood chips, cellu-
lose fibers, fine powders, and many other materials by
use of the method and apparatus of this invention.

Notwithstanding the fact that many additional types
of particles may be transported, examples which are
hereinafter presented illustrate the use of this invention
with certain types of material, the treatment of which
has been found to be especially advantageous. When
reference is made in these examples to polyethylene fi-
bers, such fibers are of a type that may be formed, for
example, in accordance with the teaching of U.S. Pat.
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applications Ser. Nos. 27,053 now abandoned, filed
Apr. 9, 1970; and 69,194 now abandoned, filed Sept.
3, 1970. Such polyethylene fibers, after they have been
suitably prepared for making synthetic paper, are of pa-
permaking size, i.e., about 0.2 to 3 millimeters in length
and have a diameter or width of about 20 to 400 mi-
crons. When reference is made to rayon staple fibers,

10

dividual weights of the fibers, water and sand in the
input mixture and, also, in each of the collected frac-
tions were determined. Measurements were made of
the particle size of the sand in the input mixture and in
each fraction. The specific weight of the fibers is about
0.95, and the specific weight of the sand is about 2.56.
The results are tabulated in the following Table I.

TABLE 1
Fraction
Input F C R

Weight of fiber (gm) dry basis 51.77 30.60 14.95 6.22
Weight of water (gm) 18.23 2.40 5.79 5.05
Weight of sand (gm) dry basis 217.00 4.00 51.00 162.00
Sand-particle size:

% retained in 35-mesh screen 26 25 12 28

% retained on 100-mesh screen 72 70 83 71

% passed through 100-mesh

screen 2 5 5 1

such fibers are those supplied by American Viscose Di-
vision of FMC Corporation and are % inch in length
and 3 denier. The rayon staple, as supplied, is in the
form of many individual fibers closely packed together
to form fiber bundles.

With further reference to the examples which follow,
when reference is made to the “F” fraction, it means
that fraction of material which has been entrained by
the fluid curtain and has been collected by the collector
22. The “R” fraction is a fraction which has penetrated
the curtain and is collected downstream of the surface
24. The “C” fraction is a fraction which has been col-
lected in collector 27.

In the examples which follow, the apparatus which
was used had the following physical and operating
characteristics (unless otherwise noted):

Size Pressure
(inches) (psig)
Pressure supplied by line 43 30
Width of slit 37 0.006
Length of nozzle from slit 12
to end 14 20.0
Diameter of throat 32 0.6
Internal diameter of diffuser at
outlet end 14 1.53
Diameter of external surface 18 3.00
Internal diameter of shroud 20 5.50
Pressure supplied to slit 16 30
Width of slit 16 020
External diameter of slit 16 750
Horizontal distance (to the left
as viewed at FIG. 1) of slit 16
to the vertical plane of the ex-
treme left end of surface 17 .06
Pressure supplied to slit 26 30
Width of slit 26 .003
External diameter of surface 24
(largest) 1.8
Internal diameter of shroud 25 4.0
Horizontal separation distance of
ends of shrouds 20 and 25 1.5
Internal diameter of collector 27 14.0
Internal diameter of flange 89a 10.0
EXAMPLE 1

In this example, wet synthetic polyethylene fibers
were intimately mixed with sand and the mixture was
transported through the apparatus described above. In-
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The foregoing data clearly indicates that most of the
fibers, which have substantially less specific weight
than the sand, are entrained by the fluid curtain and
pass to the F fraction. The sand develops sufficient in-
ertia to permit it to penetrate the fluid curtain, as is
demonstrated by the fact that, of the total sand trans-
ported, less than 2 percent was carried with the fibers
to the F fraction. Much less sand is contained in the C
fraction than in the R fraction. The data further indi-
cates that there is a tendency for the coarser sand to go
into the R fraction and the finer sand to be deflected
and captured in the C fraction. Moisture was removed
from the fibers which passed to the F fraction, as evi-
denced by the fact that the input fibers were only 74
percent O.D. (oven dry), but the fibers in the F fraction
were 93 percent O.D. (oven dry).

EXAMPLE 2

In this example, polyethylene fibers were utilized in
a mixture which also had some small polymer chunks
therein, the chunks being heavier than the individual
fibers. Included, also, in the mixture were some se-
verely entangled fibers. A sample from this mixture
(prior to being transported through the apparatus de-
scribed above) was used to make a 6.25-inch diameter,
36 pound/ream basis weight, handsheet in a conven-
tional manner by dispersing the mixture in water in a
vessel, shaking the vessel one hundred times, and then
using the dispersed mixture to form the handsheet on
a forming wire in a conventional handsheet mold. The
handsheet was calendered at 150 pounds per lineal
inch. The presence of polymer chunks and agglomer-
ated fiber bundles in the handsheet is indicated by the
extent and size of transparent spots that appear in the
handsheet after such calendering, because such chunks
and bundles have a tendency to transparentize. After
passing another sample from the same mixture through
the apparatﬁs described above, handsheets were also
formed and calendered from the F, R and C fractions.
Measurements were made of transparent spots formed
in each handsheet by using a template to measure the
size and by counting the number. The resuits are tabu-
lated in the following Table II.
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TABLE 11
Size and Number of Transparent Spots
Over Less than
gmm? 8mm? 4mm? __ 2mm? 2mm?
fnput 45 61 96 *100 *300
R Fraction 7 18 40 76 *200
C Fraction 0 13 26 *133 *500
F Fraction 0 0 5 25 70

* The numbers of 100 or over are approximations.

The above data indicates there is an overall breaking
up of fiber bundles, as evidenced by the reduction in
large spots in all of the treated fractions, as compared
to the input fraction. The data also indicates there is a
tendency for the R fraction to obtain the larger chunks
and bundles, and a tendency for the C fraction to ob-
tain the smaller chunks and bundles because the
smaller chunks and bundles have more of a tendency
to be deflected by the fluid curtain.

EXAMPLE 3

In this example, wet polyethylene fibers which were

57 percent O.D. (oven dry) with a moisture content of
43 percent were passed through the apparatus as de-
scribed above, except that the pressure of fluid sup-
plied to fluid-exit slits 16 and 37 were varied. The pres-
sure P, is the air pressure supplied to slit 37, and the
pressure P, is the air pressure supplied to slit 16. The
pressure supplied to slit 26 is the same as that supplied
to slit 16. Measurements were made of the percentage
of the original fibers supplied which were collected at
each of the fractions for each pressure combination,
and measurements were made of the moisture content
on an O.D. (oven dry) basis for the F fraction. The re-
sults are tabulated in the following Table IIL.

TABLE HI
P, P, % F %R -~ @C % O.D. F
psig psig fraction  fraction  fraction fraction
30 50 74.0 18.2 8.6 67
40 40 65.7 26.2 8.8 63
50 30 56.3 393 8.7 70

The above data indicates that as the pressure from
slit 37 increases, compared to the pressure from slit 16,
the velocity imparted to the fibers also increases in the
first flow path, and so more fibers penetrate the fluid
curtain. Data also indicates that some drying of the fi-
bers takes place. The amount in the F fraction could be
increased by moving the shroud 20 to the left (as
viewed at FIG. 1) to intercept some of the particles that
otherwise would pass to the C fraction. If pressures are
held constant, an increase in the size of slit 37 will de-
crease the amount of material in the F fraction. An in-
crease in the size of slit 16 will increase the amount of
material in the F fraction. An increase in the amount
of material in the R fraction can be accomplished by
increasing pressure and/or slit size of slit 26.

EXAMPLE 4

In this example, 116 grams of rayon staple fibers (in
the form of fiber bundles, as supplied from the vendor
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indicated above) were placed in a graduated beaker (.

and, without external compression, were found to oc-
cupy a volume of 0.8 liter. These fiber bundles were
passed through the apparatus indicated above, except
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the pressure of air supplied to slits 16 and 37 was 40
psig. Sixty-seven grams of the fibers were collected as
an F fraction, and 49 grams total was collected at the
R and C fractions. The fibers collected at the F fraction
were placed in a graduated beaker without external
compression and found to occupy a volume of 6.0 li-
ters; and, upon viewing, had the appearance of a mass
of separated fibers. This indicates that the inventive
treatment was effective to break up and fluff the origi-
nal fiber bundles. The R and C fractions, when placed
in a beaker, occupied a volume of 1.5 liters with a vi-
sual appearance of a mixture of fiber bundles and sepa-
rated fibers. :

EXAMPLE 5

In this example, a sample including substantially
equal quantities of dry polyethylene fibers and rayon
staple fibers were placed in a vessel and it was at-
tempted to mix the fibers together by hand-shaking but
only a very poor mixture was obtained. This sample was
then transported through the apparatus of the present
invention and a sample obtained at the F fraction
showed the polyethylene fibers and the rayon staple fi-
bers to be intimately mixed with each other. This sug-
gests that the forces encountered by the particles when
they contact the fluid curtain are effective to intermix
different types of fibers which are of such a nature as
to be both transported by the fluid curtain. Rather than
using different types of fiber, it is possible to use the
method and apparatus of this invention to incorporate
fine, lightweight powders into uniform admixture with
fibers when both are simultaneously transported
through the apparatus. It is also contemplated that va-
pors or very fine particles functioning as coating agents
for the entrained material could be added to the en-
training fluid to take advantage of the mixing zone pro-
vided by the fluid curtain to coat the transported parti-
cles.

From the above, it should be clear that the method
and apparatus of the present invention has utility for
achieving a number of desired results in transporting
particulate material, depending on the nature of mate-
rial being transported and the operating conditions
chosen. Separation of particles capable of developing
different inertias may be obtained. It is also possible to
achieve good mixing and deagglomerating of particu-
late matter due to forces acting on the particles when
they contact the fluid curtain. Drying of wet fibrous
material has also been demonstrated.

While the foregoing specification has set forth spe-
cific embodiments and desirable uses of the invention
in detail for purpose of making a complete disclosure,
various other embodiments and uses will occur to those
skilled in the art, but will fall within the spirit and scope
of the invention defined in the following claims.

We claim:

1. Apparatus for transporting and treating fluid-
entrainable particles comprising:

"a. means defining a first flow path having inlet and
outlet ends;

b. means for advancing the particles with an entrain-
ing fluid along the first flow path from the inlet to
the outlet end thereof;

c. a fluid-curtain generator having a fluid-exit slit ad-
jacent said outlet of said first flow path and addi-
tionally having means for providing fluid under
pressure to said generator fluid-exit slit to form a
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high velocity fluid-curtain barrier intersecting said
first flow path; and,

d. a substantially curved flow-attachment surface
spaced from said fluid-curtain generator fluid-exit
slit across said first flow path and positioned in
close enough proximity to said high velocity fluid-
curtain for said high velocity fluid curtain, and any
particles entrained thereby, to attach to said flow-
attachment surface and to follow said flow-
attachment surface due to the Coanda effect in a
second flow path, whereby any particles entrained
by said high velocity fluid-curtain will be separated
from any other particles exiting from the first flow
path outlet that have sufficiently higher inertial
characteristics to permit their passage through said
high velocity fluid curtain.

2. The apparatus as set forth in claim 1 wherein said
first flow path is defined by internal surfaces of a first
nozzle assembly, and said means for advancing the par-
ticles.comprises means defining a first nozzle assembly
fluid-exit slit located adjacent the inlet end of said first
flow path to direct entraining fluid through said first
nozzle assembly fluid-exit slit and along said internal
surfaces in a direction from said inlet end to said outlet
end.

3. The apparatus as set forth in claim 2 wherein said
internal surfaces converge from said first nozzle assem-
bly fluid-exit slit to a throat portion and diverge from
said throat portion to said outlet end.

4. The apparatus as set forth in claim 2 wherein
means for adjusting the first nozzle assembly fluid-exit
slit size is provided.

5. The apparatus as set forth in claim 1 wherein said
first flow path is defined by internal surfaces of a first
nozzle assembly, and said flow-attachment surface
comprises an external end of said first nozzle assembly.

6. The apparatus as set forth in claim 5 which further
includes a shroud spaced outwardly from the external
surface of the first nozzle assembly, said shroud and ex-
ternal surface together defining said second flow path
having an inlet end in communication with the outlet
end of said first flow path.

7. The apparatus as set forth in claim 6 wherein the
direction of flow in said second flow path extends op-
posite to the direction of flow in said first flow path.

8. The apparatus as set forth in claim 1 wherein
means for adjusting said fluid-curtain generator fluid-
exit slit size is provided.

9, The apparatus as set forth in claim 1 wherein said
second flow path is in communication with an external
fluid source for providing additional fluid to further re-
duce particle-fluid concentration by entrainment of the
additional fluid.

10. Apparatus for transporting and treating fluid en-
trainable particles comprising:

a. a first nozzle assembly provided with internal and
external particle-flow-directing surfaces, said inter-
nal surface having a particle inlet end and a particle
outlet end and means for moving the particles in an
entraining fluid in a first flow path from the inlet to
the outlet end;

a second nozzle assembly including means defining
a fluid-exit slit positioned adjacent the outlet end
of the first nozzle assembly, and means for direct-
ing the fluid through the slit to provide a fluid cur-
tain moving in a direction intersecting the first flow

path;
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c. said external particle-flow-directing surface of said
first nozzle comprising a substantially curved exter-
nal flow-attachment surface spaced from said fluid-
curtain means and in close enough proximity
thereto for said fluid curtain, and any particles en-
trained thereby, to follow said flow-attachment sur-
face in a second flow path.

11. The apparatus as set forth in claim 10 wherein the
particle outlet end of said first nozzle assembly is annu-
lar in cross-sectional configuration, and external sur-
faces of the means defining the fluid-exit slit are gener-
ally cylindrical, and the slit is positioned in substantially
the same place as that defined by the annular, particle-
outlet end of the first nozzle assembly.

12. The apparatus as set forth in claim 10 wherein the
first and second nozzle assemblies are adjustably sup-
ported relative to each other by means that permit ad- -
justment of the position of the fluid-exit slit of the sec-
ond nozzle assembly relative to the external flow-
attachment surface of the first nozzle assembly.

13. The apparatus as set forth in claim 10 wherein a
shroud is supported in spaced relationship from the ex-
ternal particle-flow-directing surface of the first nozzle
assembly to define a boundary for said second flow
path for any particles entrained by said fluid curtain to
follow said flow-attachment surface.

14. The apparatus as set forth in claim 10 which fur-
ther includes means for conveying any particles which
penetrate the fluid curtain in a direction away from the
second flow path.

15. The apparatus as set forth in claim 14 wherein
said conveying means includes means defining a second
fluid-exit slit located on the opposite side of said fluid
curtain from said first nozzle assembly for directing
fluid in flow-attached relationship onto a second sub-
stantially curved external flow-attachment surface.

16. The apparatus as set forth in claim 10 wherein
said conveying means includes a collector device.

17. The apparatus as set forth in claim 16 wherein
said collector device includes a curved, internal surface
in communication with a conveying fluid inlet and a
particle outlet for supplying conveying fluid in tangen-
tial flow to the internal surface in a direction leading
from the inlet to the outlet and removing particles from
the outlet with the conveying fluid. v

18. The apparatus as set forth in claim 14 wherein
said conveying means includes first conveying means
for conveying any particles having sufficient inertia
supplied in said first nozzle to penetrate the fluid cur-
tain without substantial deflection of the particles by
said fluid curtain, and second conveying means for con-
veying particles having less inertia supplied in said first
nozzle than said particles removed by said first convey-
ing means, but greater inertia than particles which fol-
low said flow-attachment surface.

19. A method of transporting and treating fluid-
entrainable particles comprising:

a. advancing the particles entrained in a fluid from an

inlet to an outlet end of a first flow path;

b. providing a high velocity fluid-curtain barrier
which intersects the first flow path at the outlet end
thereof by forcing a fluid through a slit communi-
cating with said first flow path under pressure; and,

c. directing the pressurized high velocity fluid curtain
onto a substantially curved external flow-
attachment surface receding from the curtain and
spaced across the first flow path from said slit so
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that due to the Coanda effect said high speed fluid
curtain and any particles entrained by said fluid
curtain attach to the receding flow-attachment sur-
face and are diverted along a second flow path de-
fined by said flow-attachment surface.

20. The method as set forth in claim 19 wherein the
particles are a mixture of particles capable of develop-
ing different inertias and which includes penetrating
the fluid curtain with particles capable of developing
sufficient inertia to penetrate said fluid curtain and re-
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moving such penetrating particles, and entraining for
movement with the fluid curtain particles which do not
develop sufficient inertia to penetrate the fluid curtain.

21. The method as set forth in claim 20 which further
includes separating particles which penetrate the fluid
curtain into a first fraction which move along a path
substantially coextensive with the first flow path, and a
second fraction which partially turn with the fluid cur-

tain and are then expelled therefrom.
* k% k- ok



