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157] ABSTRACT

A density controller provides for a continuous proportionate
mixing of particles with a conveying airstrcam ol a vacuum
generator, which includes a hose having an intake nozzle end
and an exhaust end. The density controller includes a
substantially cylindrical main body having a first open end.
which telescopically receives the inmake nozzle end, and a
sccond substantially closed end. An air inlet is formed
between an outer surface of the imake nozzie end and an
inner surface of the density controller main body. At least
onc opening is formed in the second substantially closed end
of the density controller main body. The at least one opening
has a total arca ranging from 10% to 20% of the cross-
sectional area of the intake nozzle end. At lcast one clear-
ance member is localed adjacent the closed second control-
ler end and separates the nozzle and second controller ends
by a fixed distance,

16 Claims, 4 Drawing Sheets
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1
APPARATUS FOR CONTROLLED
VACUUMING OF HIGH DENSITY ABRASIVE
BLAST MEDIA

This application is a continuation-in-part of application
Ser. No. 08/292,988, filed Aug. 19, 1994, now abandoned.

BACKGROUND OF THE INVENTION

This invention generally relates to abrasive blasting sys-
tems, and more particularly to a vacuum entrance device or
density controller for vacuuming high density abrasive blast
media, such as steel grit.

Steel grit has been used in abrasive blasting operations,
such as for removing paint and debris from buildings,
bridges, or other structures. Steel grit is superior to sand in
use during such abrasive blasting operations because sand
typically becomes pulverized during low velocity abrasive
blasting operations. Steel grit, however, does not become
pulverized, even during high velocity abrasive blasting
operations. Therefore, steel grit may be used for sustained
high velocity abrasive blasting procedures thereby permit-
ling significant reductions in the time required for an abra-
sive blasting process. However, despite its laudable charac-
teristics, steel grit is significantly more densc than sand.
Typically, steel grit weighs 260 Ibs./cubic fi., however: sand
weighs less than 100 tbs./cubic ft.

Vacuum generators have been used to convey collected
solid particles and abrasive media during an abrasive blast-
ing operation. Vacuum cntrance devices {(also called density
controllers) have been designed for usc with such vacuum
generators for mixing the solid particles and abrasive media
within a conveying airstream. Although these density con-
trollers have operated with varying degrees of success with
Jow density abrasive media, such as sand for example.
conventional density controllers are unable to effectively
accommodate high density abrasive media, such as steel grit.

When used with steel grit,conventional density controllers
create large fluctuations in system air conveying velocities,
creale large fluctuations in system vacuum pressure, require
extensive complex adjustments, and cause continuous chok-
ing of the stect grit and solid particles within the vacuum
generation system. Choking occurs when an excessive vol-
ume of high density stcel grit is permiltted to enter a
conveying pipe of the vacuum system. When choking
occurs, the steel grit falls out of the vacuum airstrcam and
clogs the conveying pipe.

Another problem associated with the use of steel grit in
abrasive blasting systems relates to the high conveying
velocity required to effectively move the steel grit through
the blasting system without clogging the system. FIG. 4 is a
graph showing the associated required conveying velocities
for diffcrent size and welght materials. As shown on the
graph, generally, the lighter the material the lower the
required conveying velocity, and the heavier the material the
grealer the required conveying velocity. For example, the
conveying velocity of average size steel grit weighing 260
Ibs./cubic ft. ranges {rom 10,000 (t/min. to {1,000 {t./min.
depending on particle size. In order to convey the particles
with the required velocity and thus not clog the system, it is
necessary to provide and maintain sufficient system vacuum
and airflow. I{ sullicient vacuum and airflow arc not main-
tained. the grit will not be drawn into the system and
conveyed through the system with the required velocity and
the system will become clogged.

it is casier to provide and maintain suflicicnt airflow for
conveying matcrial lighter than steel grit than it is to convey
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heavy steel grit since the required conveying velocities for
lighter materials are significantly lower than the conveying
velocity for steef grit. Thus, the system vacuum and airflow
required o draw and convey a lighter material arc casier to
produce and maintain than the vacuum and airflow required
o draw and convey steel grit.

As a matter of comparison, as indicated in Fan Engincer-
ing, cighth edition, published by Buffalo Forge Company,
the conveying velocily of corn is 5600 fL./min., of oats is
4500 fr/min., of sand is 7000 ft./min. and of wheat is 5800
ft./min. These light matcrials are easier (0 convey and may
be conveyed in varying volumes by adjusting the size and
shape of the material inlet ports.

In order to ensure the required system vacuum and airflow
for conveying steel grit are supplicd. it is necessary (o
maintain the end of the nozzle a fixed distance from the end
of the density controller. If the nozzle end is too close to the
controller end, too much steel grit will be drawn into the
system and the system will clog. If the nozzle end is too [ar
from the controller end, the nozzle will not provide sufficient
airflow to kecp the grit suspended in the system and the
system will become clogged. Typical systems usc fasteners
such as screws, bolts, or the like to maintain a fixed distance
between the end of the density densily controtler and the
nozzic end. However, over time as the nozzle/controlier
combination is repeatedly inserted into the dense, heavy
steel grit, the fastencrs may be knocked loose and, as a
result, the density controller will become displaced relative
to the nozzle, thereby negatively affecting the operation of
the sbrasive blasting system.

Also, machine operators may loosen the fasteners and
manually reposition the density controller relative to the
nozzle, thereby negatively affect the efliciency and operation
of the blasting system.

The foregoing illustrates limitations known to cxist in
present density controllers. Thus, it is apparent that it would
be advantageous to provide an alternative dirccted to over-
coming one or more of the limitations sct forth above.
Accordingly, a suitable alternative is provided including
featurcs more (ully discloscd hercinalter

SUMMARY OF THE INVENTION

In one aspect of the present invention. this is accom-
plished by providing a density controller for use with a
vacuum generator for vacuuming particles. suclt as steel gri
or other high density abrasive blast materialy. ior cxample
The density controller provides for a continuous proportion-

ate mixing of particles with a conveying uir~ The
vacuum generator includes a hose having an i IZAR
end and an cxhaust end. The density contraller i o fhy
a substantially cylindrical main body which inciu s

open end, which telescopically receives the u:uxg noszle
end, and a second substanually closed end. An iy
formed between an outer surface of the int ‘m nossie end
and an inner surface of the substantially cviindncil man
body. At least onc opening 1s formed in the sceond ~sabstan-
tially closed end of the substantially cylindmcal minn body.
The at least one opening has a total arca ranuing from 104
to 209% of the cross-sectional arca of the intake novzzle end.
An apparatus is provided for fixedly locating ihe substan-
tially cylindrical main body in a prcdc{cm\mu“ location
about the intake nozzle end during operation of the density
controller.

it 1y

H$s

The main body of the controller includes at lcast one
clearance member which separates the nozzic and controller
cnds by a desired distance.
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The {oregoing and other aspects will become apparent
from the following detailed description of the invention
when considered in conjunction with the accompanying
drawing figures.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

FIG. 1 is an environmental view of a vacuum generator
for vacuuming particles, such as steel grit, for example.

FIG. 2 is a perspective view of a prior art density
controller.

FIG. 3 is a perspective view of a density controller of the
present invention showing an internal portion of the density
controller in seciion.

FIG. 4 is a graph showing the conveying velocitics of
materials as a function of material bulk weight and material
particle size.

FIG. 5 is a side view of the open end of the density
controller shown in FIG. 3.

FIG. 6 is a sectional view of the density controller, taken
along line 6—6 of FIG. 5.

DETAILED DESCRIPTION

Referring now to the drawings, wherein similar reference
characters designate corresponding parts throughout the
scveral views, FIG. 1 illustrates gencrally at 10 a pneumatic
conveyor or vacuum generation systemn for vacuuming par-
ticles ranging from low density particles, such as grain or
sand, to high density particles, such as steel grit for abrasive
blasting operations. An end user 11 may employ the prneu-
matic conveyor 10 to reclaim a volume of expended solid
particles and abrasive media 13 during an abrasive blasting
operation. Inciuded in the pneumatic conveyor 10 is a
vacuum gencrator 12, a filtration and separation unit 14, a
hopper 16, and a vacuum hose 18.

The vacuum generator 12 may be any type commercially
available vacuum generator which is capable of providing a
conveying airstream through a transport distance of from 20
feet to 300 feet. The vacuum hose 18 has a first portion
which includes a first intake nozzle end 20 and a second
exhaust end 22 which communicates with the filtration and
separation unit 14, A sccond portion of the vacuum hose 18
includes a first end 24 which communicates with the filtra-
tion and scparation unit 14 and a sccond end 26 which
communicates with the vacuum generator 12. The filiration
and scparaiion unit is conventional in design comprising at
least one air filter and a scparator (both not shown) for
separating solid particles and abrasive blast media from the
conveying airstream. The separator may be a cyclone type
separator.

During operation of the pneumatic conveyor 10, the
volume of solid particles and abrasive blast media 13 is
conveyed by action of the vacuum generator 12 through the
first inteke nozzle end 20, through the first portion of the
vacuum ose 18, through the second exhaust end 22, and is
deposited into the filtration and separation unit 14 wherein
the suspended solids are filtered and separated from the
conveying airstream by methods which are well known in
the art. Thereafter, the solids are deposited from the filtration
and scparation unit 14 into the hopper 16. The filtered air is
returned to the vacuum generator 12 through vacuum hose
18.
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A conventional vacuum enlrance device or density con-
troller is generally illustrated at 30 in FIG. 2. The conven-
lional density controller 30 compriscs a pair of concentric
tubes. One concentric tube may be the first intake nozzle end
20 of the vacuum hosc 18. A second concentric tube 32 is
essentially a cylindrical slecve which is adjustably axially
with respect to the first intake nozzie end 20. A pair of
threaded fasteners may be provided to fixedly locate the
second sleeve 32 in a predetermined position about the first
intake nozzle end 20. An air inlet (not shown) is formed
between an inner surface of the second concentric tube 32
and an outer surface of the first intake nozzle end 20.
Typically, a prior art density controller 30 has included an air
inlet having an area of about 5.15 square inches. Also, such
density controllers 30 have included a single media inlet,
through which solid particles pass, having an arca of about
12.57 square inches.

It has been discovered that the conventional density
controller 30 may choke the conveying airstream when the
device 30 is directly inserted into the volume of solid
particles and abrasive blast media 13. In such instances
where the abrasive blast media is of a high density type. such
as when steel grit is to be vacuumed, choking is certain to
occur. Such choking is caused by a major jump in pressure
drop (required system increase) {rom 3.8 inches of water to
120.7 inches of water. (This represents a 3176% increase in
pressure drop.) Entire system pressurc drops have been
recorded as low as 100 inches of water during the convey-
ance of steel grit at a rate of eight tons per hour.

FIG. 3 illustrates gencrally at 40 a density controller of the
present invention which utilizes analytical pncumatic dilute
phase conveying principles to achieve improvements in
uniform system air velocities by increasing the size of an air
inlet opening and decreasing the size of media inlets in
accordance with the tcachings herein. The density controller
40 provides a means for effectively mixing high density
abrasive material, such as steel grit, within a conveying
airstream. The controller prevents clogging in the abrasive
blasting system by ensuring that sufficient airflow and
vacuum are maintained to propel the steel grit and by
limiting the volume of grit that is conveyed by the blasting
system. :

The density controller 40 has a substantially cvlindrical
main body 42. The main body 42 includes a first open end
44, which telescopically reccives the first intake nozzle end
20 of the vacuum hose 18, and a second substantially closed
end 46. face 47 cxtends laterally across the end of the main
body 42 to form the second substantially closed end 46. Sce
FIG. 3. The substantially cylindrical main body has an inner
surface 48. Formed on the inner surface 48 arc o plurality of
spacers S0 which separate the main body 42 from the first
intakc nozzle end 20 thereby forming a substantially annu-
lar-shaped air inlet 52 between an outer s e 84 of the first

intake nozzle end 20 and the inner surizoc 48 of the main
body 42. The air inlet 52 is defined by a predetermined arex,
which in a prototype of the present invention is 11,18 squarc
inches.

Formed along the length of each spacer is a clearance
member 51, shown in FIGS. § and 6. Each clearance
member is located adjacent facc 47 and cxtends radially
inwardly toward the center of main body 42. The clearance
members arc adapted to support the end of nozzic 54 in the
manner shown in FIG. 6 when thc nozzle is locaied in the
main body 42. The end of the nozzle is slid into the main
body until the nozzle end contacts the clearance members. In
this way, the nozzle end is separated from the controller
closed end by a desired fixed distance indicated generally as
61 in FIG. 6.
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The nozzle can not be moved closer to the controller
closed end. I the nozzle is moved out of contact with the
clearance members and away {rom the closed end increasing
the separation distance, it will be readily apparent and the
nozzte and controller can be casily repositioned to the
required separation distance 61.

At least one clearance member must be provided. For
purposcs of disclosing the preferred embodiment, the con-
troller includes three clearance members one at the end of
each spacer adjacent closed end 46. Alternately, the clear-
ance members may be made integral with the controller
main body and do not have to be made integral with the
spacers {ormed along the main body 42. Additionally. it is
not required that the same number of spacers and clearance
members be provided.

At least one media inlet 56, through which solid particles
pass during operation of the density controller 40, is formed
in the second substantiaily closed end 46 of the main body
42 The at least one media inlet 56 is formed in the laterally
extending face 47, so that cach of the at least media inlets
extend in a generally longitudinal direction through the face,
as shown in FIG. 3. The at least onc inlet has a non-
adjustable, non-variable total area ranging from 10% to 20%
of the cross sectional arca of the first intake nozzle end 20,
as determined by an inner diameter 58, In the preferred
embodiment, three inlets 36 are formed in the sccond
substantially closed end 46. The three inlets 56 have a
non-variable total area ranging from 10% to 20% of the
cross sectional area ol the first intake nozzle end 20. The
three inlets are equally, circumferentially spaced apart on the
substantially closed end 46. Also. the total area of the three
inlets comprises from about 15% to 25% the arca ol the
annular shaped air inlet 52. A means is provided for fixedly
locating the substantially cylindrical main body 42 in a
predetermined location about the first intake nozzle end 20,
such as a pair of threaded fasteners 64, {or example.

Significantly, during operation of the density controller of
the present invention, any change in air flow velocity is
minimized when the density controller 40 is moved from a
position in midair lo a position within a pile of solid
particles, such as steel grit. Also, the change in air flow
pressure is small, about 12%, when the density controller is
inseried into such a volume of solid particles. Therefore, by
minimizing air velocity and pressure fluctuations the density
controller of the present permils sustained pneumatic con-
veyance of both high density and low density solid particles,
while climinating system choking.

In use, afler the nozzle is slid into contact with clearance
members 51 and the required scparation distance 61 is
provided, the closed end of the density controller is placed
on the surface of the pile of steel grit 13 in the manner shown
generally in FIG. 1. The vacuum generator is actuated and
air is drawn through the annular inlets 52. The drawn air
displaccs the grit along the sur(ace of the pile. flows between
the discrete grit particles, and draws the grit off the pile
surface through the media inlets 36 and accclerates the steel
grit through the system with a conveying velocity belween
10,000 and 11,000 {t./min.

The total arca of the media inlels remains constant during
operation of the density controller and the clearance mem-
bers maintain a fixed separation distance between the nozzle
and controller ends. By maintaining both a fixed total media
inlet area and a fixed distance between the nozzle and
controller ends. the drawn volume of grit remains constant
and the required vacuum and air flow arc provided therchy
preveniing system clogging.
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The most efficient density controller includes clearance
members which scparate the nozzle and controller ends by
approximately 0.662 inches. However it should be under-
stood that the clearance members may be adapted Lo provide
any suitable scparation distance 61.

While this invention has been illustrated and described in
accordance with a preferred embodiment, it is recognized
that variations and changes may be made thercin without
departing {rom the invention as set forth in the following
claims.

Having described the invention, what is claimed is:

1. In combination with a vacuum generator {or vacuuming
particles, the vacuum generator including a hose having an
inlake nozzle end having a cross-sectional area and an
exhaust end, a density controller comprising:

a substantially cylindrical main body which includes a
first open end, which telescopically receives the intake
nozzle end, and a second substantially closcd end. the
substantially closed end having a laterally extending
{ace, the body further including at least one clearance
member adjacent the laterally extending lace, said at
least one member adapted to support the nozzle end to
maintain a fixed separation distance between the nozzle
end and the laterally extending face;

an air inlet formed between an outer surface of the intake
nozzle end and an inncr surface of the substantially
cylindrical main body;
lcast onc opening formed completely in the laterally
extending face of the second substantially closed end of
the substantially cylindrical main body, the al least one
opening having a total area ranging from 0% o 20%
of the cross-sectional arca ol the intake nozzle end. the

=

d

total arca of the at least onc opcning being non-
adjustable; and
means for fixedly locating the substantially cyiindrical

main body in a predetermined location about the intake
nozzle.

2. The combination, as claimed in claim 1, and wherein
three openings are formed in the second subsiantially closed
end, the three openings having a total arca ranging from 10%
10 20% of the cross-sectional arca of the intake nozzie end.

3. The combination, as claimed in claim 1. and wherein
the density controller has three openings and the three
openings arc spaced apart.

4. The combination, as claimed in claim 3. and wherein
the three openings are equally, circumierenually spaced
apart.

5. The combination, as claimed in claim 1. and wherein
the air inlet is annular-shaped.

6. The combination, as claimed in claim 5. turther com-
prising spacing means for maintaining @ constant dimension
of the annular-shaped air inlet.

7. The combination as claimed in claim 6 wherein the
spacing means is comprised of three longitudinally extend-
ing members which are equally, circumferentiully spaced
apart about the density controller body.

8. The combination as claimed in claim 7 wherein there
are three clearance members, and each clearance member is
made integral with a respective member of said spuacing
means at an cnd ol the spacing means adjacent the luterally
extending [ace.

9. The combination, as claimed in claim 1. and wherein
the at least one opening and the air inlet cach have a total
arca and the total area of the at least one opening comprises
from about 15% to 25% of the area of the air inlet.

10. In a pneumatic conveyor for high density abrasive
material, the pneumatic conveyor including a hopper for
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storing the collected high density abrasive material, a
vacuum gencrator, and a vacuum hose communicating with
both the vacuum generator and the hopper, the vacuum hose
having a first intake nozzle end having an inner diametral
dimension and a cross-sectional arca, and a second exhaust
end, whereby the high density abrasive material is conveyed
by action of the vacuum gencrator with a conveying velocity
of at least 9000 fect per minute through the first intake
nozzle end, through the vacuum hose, through the sccond
exhaust end, and is deposited in the hopper, the improve-
ment comprising:

density control means for mixing the high density abra-

sive material within a conveying airstrcam, the density
control means having a substantially cylindrical main
body which includes a first open end, which telescopi-
cally receives the first intake nozzie end of the vacuum
hose, and a second substantially closed end having a
laterally extending face;

an annular-shaped air inlet formed between an outer

surface of the first intake nozzle end and an inner
surface of the substantially cylindrical main body, the
air inlet having an area;

spacing means for maintaining a constant dimension of

the annular-shaped air inlet;

at least one clearance member along the spacing means,

the clearance member being for maintaining a fixed
distance between the laterally extending face and the
nozzle end;

at least one media inlet formed completely in the laterally

extending face of the second substantially closed end of
the substantially cylindrical main body, the at least one
media inlet having a total area ranging (rom 10% to
20% of the cross-scetional area of the first intake nozzle
end and from about 15% to 25% of the area of the
annular-shaped air inlet, wherein the total area of the at
least one media inlet is non-variable; and

means for fixedly locating the density control means in a

predetermined location about the first intake nozzle
cnd.

11. A pneumatic conveyor for high density abrasive
material, as claimed in claim 10, and wherein three media
inlets are formed in the second substantially closed end, the
three media inlets having a total area ranging from 10% to
20% of the cross-sectional area of the first intake nozzle end.

12. A pneumatic conveyor for high density abrasive
material, as claimed in claim 11, and wherein the three
media inlets are spaced apart.

13. A pneumatic conveyor for high density abrasive
malerial, as claimed in claim 12, and whercin the \hree
media inlets are equally, circumnferentially spaced apart.

14. A vacuum generation system for vacuuming high
density abrasive blast media, the vacuum generation systcm
comprising:

a vacuurn generator;
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a vacuum hose communicating with the vacuum genera-
tor, the vacuum hose having a first intake nozzle cnd
having an inner diametral dimension and a cross-
scctional area, and a second exhaust end, whereby the
high density abrasive material is conveyed by action of
the vacuum generator with a conveying velocity greater
than 9000 feet per minute through the first intake
nozzle end, through the vacuum hose, and through the
second exhaust end;

a density controller for mixing the high density abrasive
material within a conveying airstream, the density
controtler having a substantially cylindrical main body
which includes an interior, a first open end, which
telescopically receives the first intake nozzle end of the
vacuum hose, and a second substantially closed end,
having a laterally extending face;

three openings which are equally, circumferentially
spaced apart about the laterally extending face of the
second substantially closed end of the density control-
ler, the three openings located completely along the
laterally extending face and having a total area ranging
from 10% to 20% of the cross-sectional arca of the first
intake nozzle end, and wherein the total area of the
three openings is non-variable;

an annular-shaped air inlet formed between an outer

surface of the first intake nozzle end and an inner
surface of the density controlicr, the air inlet having an
area, and wherein the annular-shaped air inlet is dimen-
sioned such that the total area of the three openings
comprises [rom about 15% to 25% of the area of the
annular-shaped air inlet;

spacing means for mainiaining a constant dimension of

the annular-shaped air inlet;

al least onc clearance member made intcgral with said

spacing means, said at lecast one clearance member
extending toward the interior of the main body, said at
least one clearance member being adapted to maintain
the intake nozzle end a fixed distance from the laterally
extending face; and

mcans for fixedly locating the density controller in a

predetermined location about the first intake nozzle
end.

15. A vacuum gencration system as claimed in claim 14
wherein the spacing mcans is comprised of three members
which are equally, circumferentially spaced apart about the
density controller body.

16. A vacuum generation system as claimed in claim 18
wherein there arc three clearance members, and each clear-
ancc member is made intcgral with a respective member of
said spacing means at an end of the spacing means adjacent
the laterally extending face.
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