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(57) ABSTRACT

Portable devices for dislodging and/or capturing particulate
matter that has accumulated on various surfaces or structures
arc provided. The devices include a body segiment and a nose
sepnient extending away therefromi. A high-pressure assemn-
bly generates a high-pressure airflow that is directed to a
nozzle assembly in the nosesegment. From the nozzle asscm-
bly, the high-pressure airflow can be emitted from multiple
nozzles as a series of airflow bursts that discretely contact the
surface from which the particulate matter is being dislodged.
The configuration of each nozzle. as well as the overall
arrangement and positions of all the nozzles together, is
sclected to impart the desired particulate matter dislodging
characteristics to the device, and the device may incorporate
a vacuum airflow 1o remove the particulate matter after such
matter has been dislodged.

10 Claims, 9 Drawing Sheets
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1
PORTABLE DEVICES FOR TOUCHLESS
PARTICULATE MATTER REMOVAL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This international applicarion claims to benefit of and pri-
ority to 1.8, Provisional Patent Application Ser. No. 61/119,
586, liled on Dec. 3. 2008, the entirety of which is expressly

incorporated by reference herein.

BACKGROUND OF TIIE INVENTION

1. Field of the Invention

The present invention relates to devices for removing air-
home or settled particulates and debris from surfaces without
contacting those surfaces and, more specifically, to portable
devices for dislodging particulates and debris which have
accumulated on various surfaces.

2. Discussion of the Related Art

In many environments, a number of airbome or settled
parficulates and debris, e.g., allergens, dust, dirt, soil and/or
other matter, are present which can create any of a variety of
problems. Some such airhborne or settled particulates can

accumulare on vatious surfaces and can be difficult to dis- 2

lodge or move, when desired. Furthermore, in large quanti-
ties, scttled particulates and debris can be increasingly diffi-
cult to dislodge or move once they have sutliciently adhered
to a surface.

To manage. control, or otherwise influence the airborie
travel or accumulation ot airborme or settled particulates and
debris. numercus known devices and procedures are utilized,
depending on the particular environment or surface upon
which the particulates and debris collects. As a first example,
a number ol dilferent air ¢leaning and purilication devices
have been developed for building interiors which draw the air
trom the interior environments of the building through the
device in order 1o (ilter and remove allergens, dust, or other
particulates from the airflow passing through the device.
However, such devices are unable to completely eliminate
settling and accumulation ol'dust, allergens, debrs, dirt, sand,
so1l and/or other airborne or settled particulates.

Remaving setiled particulates and debris trom certain sur-
[aces can prove especially edivus or otherwise dillicull. For
example, removing settled particulates and debns from areas
with numercus small movable items fypically requires
removing the ilems [rom the underlying support surlace.

Furthermore, removing settled particulates and debns
from the small items themselves, likewise, can prove rather

tedious, In some seltings, the small ilems are removed [rom 3

the vnderlying support surface and physically manipulated to
expose the varons outer surfaces of the small items to the
seltled particulates and debris removal device.

In a household enviromment, various devices, such as

vacuum cleaners and their attachments, have heen introduced 5

o reduce the relative lime required 1o perform setiled particu-
late and debris removal tasks. However, the vast majority of
these devices are relatively large and bulky. Accordingly,
wsers must move such devices, e.g. vacuwn cleaners, aboul
the household while removing settled particulates and debris
because users are tethered, to the devices, eg. by way of a
vacuum hose,

Also in the household environment, other devices, such as
various handheld vacuum devices, have also been intreduced
o simplily some setlled particulate and debris removal tasks.
However, such devices are vnable to draw enough vacvum
pressure to dislodge setiled particulates and debris, which
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nught be stubbomly stuck to a surface, especially without
actually touching the surface. In other words, the vacuum
pressure peneraled by handheld vacvums is typically not
strong enough to remove settled particulates and debrs from,
e.g.. collectahles or tumiture with fine finishes. Since users of
handheld vacoums ofien woch the diny surface ey are
cleaning, the handheld vacuunms become soiled themselves
and users are thus reluctant to vse such devices near fine
collectibles and similar objects, Handheld vacomn devices
typically have a narrow transversely extending slot as their
inlets, rendering them ill suited for use with conventional
side-to-side dusting strokes. In addition, such devices tend 1o
be somewhat heavy and some are unacceptably loud,
whereby extended periods ofuse can prove frustrating and/or
fatiguing for the user.

Alternatively, in some settings or environments, the items
are not capable of being either removed from the underlying
support surface or physically manipulated w expose the vari-
ous outer surfaces of the items to the settled particulates and
debris removal device. Such items may be particularly frag-
ile, delicate, may be affixed to the underying support surface,
or may be particularly heavy and/or otherwise potentially
hazardous to move or physically manipulate. Accordingly,
particulate and debris removal tasks can take a considerable
amount of time to perform adequately.

In the commercial, industrial, and’or outdoor environ-
ments, various pnemmnatic devices have been vsed in attempts
to remove dust, sawdust, metal shaving, sand, dirt. and/or
other debris. Although such attempts have been at least some-
what successful, typically, such devices typically utilize a
continuous air flow from a fixed-mounted air compressor and
which require the production of large quantities of pressur-
ized air. Such devices, by requiring large quantities of pres-
surized air, correspondingly require large amounts of power
to operate the Chigh volume cutput) compressars. Other siimi-
lar devices use pressurized liquid, either independently or in
conjunction with a pressurized air Hlow, to perform settled
particulate and debris removal . Accordingly, such devices are
effectively limited by the necessary presence of a liquid vol-
ume.

Yet. other soil removal devices produce significantly force-
ful air currents, again typically by way of a continuous fluid
flow. Such devices are not suitable for the removal of settled
particulates and debris from the surfaces of fragile, delicare,
or potentially hazardouvs items, as the surface of such items
may become damaged during particulates and debris removal
process. As applied to the unearthing of buried objects, high
foree air currents may damage buried objects such as under-
ground utility lines.

Therefore, it is desirable to develop a relatively small,
portable device, which is capable of dislodging accomulated
particulates and debris from various surfaces, especially in a
non-contact or touchless manuer in some instances.

SUMMARY AND OBRIECTS OF THE
INVENTION

Consistent with the foregoing, and in accordance with the
invention as embodied and broadly described herein, portable
devices for touchless particulate matter removal are disclosed
in suitable detail to enable one of ordinary skill in the art to
make and use the invention.

According to a first embodiment of the present invention, a
device 1s presented for dislodging particulate matter from a
surface. The device includes a body segment and pussibly
also a nose segment that extends away from the body sep-
ment. A high-pressure assembly for generating a high-pres-
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sure fluid Aow 1s provided that directs fluid so that it exits the
nose segment and contacts the surface from which the par-
ticulale matter is being dislodeed. A nozzle assembly is pro-
vided within and extends along the nose segment. The nozzle
assembly is operatively connected to the high-pressure air-
flow assembly and emits the fluid therefromi The nozzle
assembly may include multiple nozzles that are spaced [rom
cach other and configured 1o cmit the fluid as a scrics of
discrete pulses, for example in an manner such that each of'the
multiple nozzles defines a blast diameater upon the surface
[tom which the particulate malter is being dislodged. In so
doing, a cumulative blast pattern is defined by the combined
blast diameters of the multiple nozzles. The ciunulative blast
pattern may define a coverage area that corresponds in size to
an ared value of a downwardly lacing area ol the nose seg-
mcnt.

In one embodiment. the blast patiern coverage area is at
least as large as the downwardly facing area of the nose
segnient.

ln another embodiment, the blast chameters of the multiple
nozzles averlap each other so as to define a blast pattern that
is continuous along a length or width of the coverage area.

In yet another embodiment, the high-pressure airflow
assembly further includes a rotary valve discretely delivering
volumes of fluid to the multiple nozzles. The rotary valve can
further include a rotating component that extends axially into
the inner sleeve and is supported by a support shatt that
accepts pressurized fluid from the high-pressure assemibly,
The rotating component may be rotated by a gear-train that is
driven by a prime mover. The gear-train may also drive atleast
one other component in addition 1o the rotating component.

In some cmbodiments, the nezzles emit the fluid as a serics
of discrete pulses in a manner that simulates a square wave as
represented in a comesponding pressure versus Lime plot.

In yer other embodiments, the rotary valve further com-
prises an inner sleeve that is provided concentrically inside of
and supporling a mani (old sleeve.

According to another embodiment of the present invention,
adevice 1z presented for dislodging and capturing particulate
malter that has accumulated on various surfaces or structures.
Low and lugh pressures systems of the device create opposing,
airflows that can intimately intertace with each other during
use. From the low-pressure sysiem, a vacuum adirllow is
drawn into the device, defimng a vacuum affected zone upon
the surtace being cleaned. It is noted that the vacoum airflow
not only allects such a surface bul also acls vpon 4 three-
dimensional air space defined generally berween the device
and the surface heing cleaned, e.g., removing airborne par-

ticulates therelrom. From the high-pressure system. a high- 3

pressure airflow 1s enutted that penetrates through the oppos-
ing vacuum airtflow and contacts the surface heing cleaned,
dislodging particulae matier therelrom. Optionally, the high-
pressure airflow does not penetrate the vacunm airflow but

rather flows closely adjacent thereto or even intimately inter- 5:

lacing therewilh, prelerably in substantially opposing direc-
tions. The high-pressure aitflow can be emitted from multiple
nozzles as a series of airflow bursts that discretely contact the
surlace being cleaned. The (i) conliguration ol each nozzle,
(i} overall arrangement and position(s) of all the nozzles
together, (iii) particular firing or discharge sequence of the
multiple nozzles, and (iv) duration and power or amplitude of
each high pressure auflow burst, are selected to mmpart the
desired particulate matter dislodging characteristics to the
device, Additionally. cutlets and/or inlets of ithe low-pressure
system are preferably sized and configured to optimize cap-
turing performance of particulate matter.

b
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In another embodiment, the device includes a handle and a
nose segment extending away from the handle. A vacuum
airflow enters nose segment and defines a vacuum affected
Zone on the surface being cleaned. A high-pressure airflow
exits the nose segment and penetrates through or flows adja-
cent to the vacvum airflow, contacting the surface to be
cleaned. In this confipuration, the high-pressure airflow dis-
lodges at least some of the particulate matter fiom the surface
to be cleaned, which is then captured by the vacuwun airflow.
In this regard, the device can perform non-contact particulate
matter removal from the surface being cleaned.

In some cmbodiments, the high-pressurc airtlow is cmitied
from a nozzle at a supersonic velocity.

In another embodiment, the high-pressure airtlow is emit-
ted as a scrics of discrete pulses. The discrete pulses can be
emitted from multiple high-pressure nozzles that are spaced
from each other, along a length dimension of the nose seg-
ment, or otherwisc,

In yet another embodiment, the device weighs less than 5
pounds. and preferably less than about 2 pounds.

In some embodiments, the device includes at least one
accessory for mechancally dislodging particulate matter
from the surface being cleaned. Such accessory can be a
squeegee, disposable and/or dust removal cloth, a brush, or
other accessory.

In vet other embodiments. the device includes (i) at least
one primary vacuum inlet port that defines a passage for the
vacuun airflow entering the nose, and (it} at least one auxil-
iary vacuum inlet port that is spaced or removed from the
primary vacuum inlet port. The auxiliary vacuum inlet port
can be used to collect relatively large debris such as, eg.,
large crumbs. The vacuum inlet can be provided on a handle
assembly, main body segmant, or nose scgment of the device.
When provided on a nose segment, the auxiliary vacum inlet
can be ulilized by, e.g., aclualing a movable or removable
portion, such as a cover or shroud, of the nose scgment.

In another embodiment, a low-pressure airtlow is emitted
from the nuse seyment. The low-pressure airllow at least
partially contains the vacuum airflow and/or the high-pres-
sure aitflow and theretore also influences the vacuum atfected
zone on 1he surlace 10 be cleaned. Prelerably, a user of the
device can control or vary the velocity of such low-pressure
airflow emitted from the nose segment, or stop and start the
enission ol the low-pressure airllow [rom (he nose segment,
as desired.

In yet another embodiment, the low-pressure emitted ait-
Mow alse includes a chemical cleaning agent and/or 4 scented
substance.

In yet another emhodiment, the device includes an auxil-
1ary high-pressore nozzle that allows a vser (o select arargeted
high-pressure airflow. The auxibary lugh-pressure nozzle
does not have to penetrate through the vacuwm airflow, but
rather can ow [rom an end of the nose sepment, Licilitating
the user’s ability to aim the auxiliary high-pressure airflow,
eg.. pulses. This can prove particularly heneficial when
removing particulate matier that is upon a surface that is
perpendicular to a plane defined by the primary high-pressure
nozzles, or particulate matter that 15 confined in spaces that
resirict (he user’s abilily w suitably align the primary high-
pressure nozzles for removal.

In some embodiments, the device has visual indicators that
show Lhe locations of the high-pressure nozzles. Forexample,
visual indicators are provided on an upper surface or else-
where on the nose segment or body of the device. The visual
indicators can be wrilten, printed. or other indicia such as over
melding protrusions or depressions in an vpper surface of the
nose segment.
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In another embodiment, the visual indicator 1s light emitted
fiom the nose by, e.g., a light emitting diode (LED) or other
suitable source of illumination.

ln still another embodiment, the invention mmcludes a
method of touchless particulate miatter removal using a hand-
held portable device. During use, a vacuum airflow is drawn
inte the device away [rom a surface being cleaned that has
accumulated particulate matter thercon. A high-pressure air-
flow exits the device and flows through the vacuum airflow,
dislodging at least some of the particulate matter from the
surlace being cleaned. At least some of the dislodged particu-
latc matter becomies entrained inte the vacuum airtlow,
whereby at least some of the particulate matter is removed
from the surface and collected by the device without any
surlace contact.

In another cmbodiment, the device has a balanced and
ergonomic handle having o top mounted ON/OFF switch,

In one exemplary embodiment, the device is generally
compuosed ol a handle assembly, a body assembly, and a
nozzle assembly. The body assembly includes a curved hovs-
ing that effectively defines a curved flow between the body
assembly and the nozzle assembly. A low-pressure fan is
mounted to a bottom surface of the curved housing and in
fluid communication with the curved fow. A high-pressure
rotary valve is mounted to a forward portion of the body
assembly and 15 adapted to myect air i the nozzle assembly.
In one embodiment, the fan and the rotary valve are powered
by a shared motor, In vet a further embodiment, compressed
air 15 fed to the rotary valve by a compressor, wluch 15 also
driven by the motor. In one embodiment. the motor is a
brushed DXC motor with a rated voltage of 20 VDC and rated
cwrrent of 8 amps. At a distal end of the handle assembly is a
housing for holding a battery pack, which in a preferred
embodiment, is a set of rechargeable batteries. In a further
embodiment, the housing has electrodes that are connected to
the battery pack when the battery pack is loaded into the
housing to allow the batteries 10 be charged when the device
is seated in a suitable cradle. Preferably, a fully charged
battery pack will permit approximately 15 minutes of con-
tinuous operation. In one embodiment, the battery pack has a
nominal voltage of 12VDC with a current draw of 4.5 amps.

In an exemplary embodiment, a thermoformed filter is
disposed in the body assembly and is secured in the body
assembly by a see-through cap. The clear cap allows a user to
determine when the filter should be replaced or cleaned with-
out removal of the cap.

BRIEF DESCRIFTION OF THE DR AWINGS

A clear conception of the advantages and features consti-
tuting the present invention, and of the construction and
operation of typical mechanisims provided with the present
invention, will become niore readily apparent by referring to
the exemplary. and therefore non-limiting, embodimments
illusirated in he drawings accompanying and [onning a part
of this specification, wherein like reference numerals desig-
nate the same elements in the several views, and in which:

FIG. 1 is a top view ol a handheld portable device for
touchless particulate marter removal according to oue
embodiment of the present invention;

FIG. 2 is a side elevation view of the handheld portable
device shown m FIG. 1

FIG. 3 is a bottom plan view of the handheld portable
device shown in FIGS. 1 and 2;

FIG. 4 is a top 1sometric view of the handheld portable
device shown in FIGS. 1-3 with selected portions of the

30

35

40

43

a0

55

60

65

6

device shown 1n phantom and hidden to expose internal com-
ponents of the handheld portable device;

FIG. 5 is 4 botlom isometric view, similar 1o that of FIG. 4,
of the handheld portable device of FIGS. 1-3-;

FIG. 6 15 a side elevation view ot a housing portion of the
handbeld portable device shown in FIGS, 1-§,

FIG. 7 is a bottom view of the housing portion shown in
FICH. 6

FIG. 8 is a collection of isometric views of additional
components of the handheld portable device that interface
with the housing portion shown in FIGS. 6 and 7,

FIG. 9 is an isometric view ol a nozzde for use with the
handheld portable device shown in FIGS. 1.5,

FIG. 10is a side elevation view of the nozzle shown m FIG.

9.

FIG. 11 is a section view of the nozzle shown in FIGS. 9
and 10 taken along line A-A of FIG. 10

FIGS. 12-16 are several views of & fan for use with the
handheld portable device shown in FIGS, 1-5;

FIG. 17is aschematic layout of a rotary valve assembly for
used with the handheld portable device shown in FIGS. 1-5;

FIG. 18 is a schematic view of a rotating shaft of the rotary
valve assembly shown in FIG. 17;

FIG.19is a schematic view of an mnner sleeve of the rotary
valve assembly shown in FIG. 17,

FIG. 20is a schematic view of a retaining ring of the rotary
valve assembly shown in FIG. 17;

FIG. 21 is a schematic view of a manifold sleeve of the
rotary valve assembly shown in FIG. 17,

FIG. 22 15 a schematic view of a support shaft of the rotary
valve assembly shown in FIG. 17;

FIG. 23 is a schematic view of anouter sleeve of the rotary
valve assembly shown in FIG. 17;

FIG. 24 is an isometric view of a spur gear box assembly of
the handheld portable device shown in FIGS. 1-5;

FIG. 25 is a partial exploded view of the spur gear box
assembly shown in FIG. 24,

FIG. 26 is a simplified gear layout of the gears of the spur
gear box assembly shown in FIGS. 24 and 285;

FIG. 27 13 a schematic diagram of a power circuit of the
handheld portable device shown in FIGS. L-5;

FIG. 28 is a schematic diagram of a ramp up speed control
circuit for use with the power circuit shown in FIG. 27: and

FIG. 29 is a schematic view showing an air flow path
defined within the housing of the handheld portable device.

In describing the preferred embodiments of the invention
that are illustrated in the drawings, specific terminclogy will
be resorted to for the sake of clanty. [lowever, it 1s not
ntended that the invention be limited to the specific terms so
selected and it is 10 be understood that each specific term
inchades all technical equivalents, which operate in a similar
manner to accomplish a similar purpose. For example, the
words “connected”, "attached”, or terms similar thereto are
used. Ilowever, they arc not limited to direct connection but
include connection through other elements where such con-
nection is recognized by those skilled in the art.

DETAILED DESCRIFTION OF THE INVENTION

The present invention and the various features and advau-
tageous details thereof are explained more fully with refer-
ence o the non-limiling embodiments described in detail in
the following description.

AL System Overview

Relerring now to FIGS. 1-3, (he invention is directed (o a
portable device which can be configured as a handheld por-
table device or otherwise configured, based on the particular
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desired end vse configuranon. [Mlustrated is an example of
various handheld versions of the device 30 for touchless or
non-contact particulate matter removal. The device 30ns gen-
erally comprised of a nose segment 32, a body segment 34,
and a handle segment 36.

With additional reference 10 FIGS. 4 and 3, the device 3015
configured for performing dust removal or other particulate
matter removal type cleaning tasks, without ever tonching the
substrate of the surface being clcanced. To provide such touch-
less particulate matter removal, device 30 preferably includes
a low-pressure system 40 and a high-pressure systein 42
which cooperate with cach other to pncumatically remove
particulate matter from the surface being cleaned. In rypical
embodiments. the low-pressure system 40 uses one or more
low-pressure airflow components, for cxample, a high vol-
ume low-pressure airflow component, for capturing, refain-
ing. and removing particulate matter.

The low pressure system 40 may also include a positive
pressure or output airflow component that can be used to at
least partially laterally restrain the various airflows of the
pneumate particulate matter removal phenomenon of device
30, whereby a low pressure onfput airflow component serves
as, e.g., an air curtain. The air curtain can be defined by a high
volume low-pressure airflow that 1s emitted from the device

30, wluch can at least partially pneumatically confine various 2

other airflosvs of the device 30. Preferably, if an air curtain is
incorporated into the low-pressure system 40, its flow rate 1s
adjustable or can be turned oft entirely, it desired. In one
embodiment, the air curtain is altogether absent,

It will thus be appreciated that the low-pressure system 40
is configured to pull loosely settled or airhorne particulate
matter into the device 30, without requiring the device 30 to
touch the surface or substrate being cleancd. However, it is
noted that in many cleaning situations, tor example, while
perlorming various household dusting tasks, at least some
particulate matter will be stuck, clung, lodged. or adhered to
a surtace to at least a modest extent. In these situations, the
low-pressure syslem 40 may experence difliculties in remov-
ing such particulate matter, wherceby high-pressure system 42
can then be fully appreciated.

The high-pressure system 42 is configured 0 dislodge
particulate matter that 15 stuck. clung, lodged, or adhered to a
surtace being cleaned by outputting a high-pressure airflow
[rom device 30. For example, the high-pressure sysiem 42
pneumatcally overwhelms the atractive forces between the
patticulate matter and the substrate or surface. be it electro-
static, adhesive, mechanical. or otherwise. Prelferably, high-
pressure system 42 does so by delivering high-pressure air-
fAow in discrete pulses: although the invention is notlimited to

a pulsed airllow, These pulses can be delivered at high veloci- 3

ties, for example, supersonic velocities. Correspondingly, the
pneumatic airflow ot high pressure svstem 42 loosens the
particulate matter or renders it airborne, in either regard mak-
ing the particulate matter more susceptible to the vacuum

influences of low pressure system 4{. Stated another way, the 5:

high-pressure system 42 drives or dislodges the particulate
matter and the low-pressure system 40 removes and captures
the particulate matter.

During most uses, the low and high-pressure systems 40
and 42 are used concurrently. This allows the dislodging,
removal, and capturing of particulate matter to occur in a
generally simultaneous and conlinuous manner. However, as
desired, a vser can enable or disable certain airflow compo-
nents of either or both of the low and high-pressure systems
40 and 42. When only dislodging capabilities are desired, or
if itis otherwise desired to not establish opposing airflows, the
user can turn off the low pressure system 40, and/or direct the
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resources of device 30 to fewer than all components of the
high pressure system 42. described in greater details else-
where herein, Correspondingly, when only capturing capa-
bilities are desired. or if it is otherwise desired to not establish
opposing airflows, the user can tum off the ligh pressure
system 42, and’or direct the resources of device 30 fo fewer
than all components of the low pressure systeni 40, described
in greater details elsewhere herein,

The versatility of the low and Ligh-pressure systems 440 and
42, along with the compact and easily portably configuration
of the device 30, make it suitable for numerous end-use appli-
cations. Dxemplary of such end-usc applications include, but
are not limited to: household dust removal, other household
particulate matter removal, amtomotive interior dust removal.
other automotive interior particulate matter removal, automo-
tve exterior dust removal, other autoumotive exterior parficu-
late matter removal, commercialfindustrial dust removal.
other commercialfindustrial particulate matter removal, and/
orothers. It is further noted that the device 30 is not resiricted
1o patticulate matter removal from hard or other surtaces that
are typically dusted with conventional dvsting products, but
also is useful for numerous other surfaces and substrates in
which particulate matter redeposition occurs. For example, it
will be approciated that the device 30 can be vsed for particu-
late matter removal or other types of sofi-surface remediation
for, e.g.. upholstery, cloth and other lamp shades. draperies
and valances, various collectables andfor other delicate or
intricately cared-tor items, as well as items with e.g., sharp
protrusions or other physical characteristics that make them
ill-suited for conventional cloth or other contact-style dust
removal.

B. Detailed Description of Preferred Emhodiments

Specific cmbodiments of the present invention will now be
further described by the tollowing, non-limiting exaniples
wlich will serve 10 illustrate various leatures ol signilicance.
The oxamples are intended merely to facilitate an understand-
ing ot ways in which the present invention may bhe practiced
and 1o further enable those ol skill in the arl w practice the
present invention. Accordingly. the cxamples discussed
herein should not be construed as limiting the scope of the
present inveniion.

1. Overview of Device Components and System Architec-
wire

Relerring now o FIGS. 1-5, vne prelerred embodiment is
shown, In tlus embodiment, the handle segment 36 provides
the primary uwser interface tor operating the device 30. A
swilch 44, which is preferably a conventional onfoll trigger
style switch, 1s provided such that when a user actuates the
switch 44, the device 30 is energized. Upon releasing switch
44, the device 30 is de-energized. The handle segment [orther
provides a battery compartment 38 for housing one or more
hatteries 46 therein, which m one emhodiment is a recharge-
able battery pack.

The body segment 34 provides a housing for the low and
high-pressure svstems 4l and 42. Exemplary of such moving
and/or heal generling components of the low and high-pres-
sure systems 40 and 42 include a high speed or other DC,
optionally AC, electric motor 48, a low-pressure tan 50, a
high-pressure compressor 52, and a high-pressure rotary
valve 54.

Referring brefly to FIGSE. 24-26, the motor 48 either
direcily drives lhe low-pressure lan 50, or, more prelerably,
drives an input shaft 85 of a pearbox 56. The gearbox 56
preferably has three output shafts. A first owtput shaft 57 of
gearbox 56 rolates the low-pressure [an 50 and a second
output shaft 59 of gearbox 56 rotates, ... aninput shaft of the
high-pressure compressor 52. A third output shaft 61 oper-
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ably connects motor 48 to the lugh-pressure rotary valve 54,
In other words, the gearbox 56 preferably splits the power
provided by motor 48, whereby a single motor 48 can drive (i)
the low-pressure fan 50, (11) the high-pressure compressor 52,
and {iii) the rotary valve 54. The gear hox 56 has an arrange-
ment of gears, shown collectively at FIG, 26, for intetfacing
with the motor 48, the compressor 54, and the rotary valve 56.
More particularly, the gear layout 43 includes a ring gear 65
that is driven by the motor 48, an idler ring gear 67, a com-
pressor ring gear 69, another idler ring gear 71, and a valve
ring gear 73. Wlile it is preferred that a single motor drives
the compressor, the rotary valve, and the fan, it is contem-
plated that separate motors could be used or one of the afore-
mentioned mechanical devices could be driven by a separate
motor and the other mechanicals driven by a shared motor.
The nose segment 32 13 genetally an elongate, generally
hollow, member that is sized and configured based at least in
part on the configuration of cooperating componcnits, as well
as the mtended end use of device 30. Preferably, the nose
segment 32 is about 3 1o 8 inches long. more preferably about
5 to 7 inches long, and defines rather narrow width and height
dimensions, e.g., less than about 3 inches, optionally less than
about 2 inches. and relatively small cross sectional area. As
one example of a suitable cross sectional arca, the nose can
taper down from a relatively larger 2-inch by 2-inch area
adjacent the main hody segment 34 to a relatively smaller
l-inch by l-inch arca at 1ts end portion. Regardless of the
particular dimensions, the nose segment 32 15 configured to
provide a long swath or path allowing for quick dusting, vetis
slender enough to casily raverse between or through closely

arranged articles or spaces while reducing the likelihood of

inadvertently bumping such articles. It is contemplated how-
cver that the length of the nosc segment 32 can be less than its
width.

The nose segment 32 houses al least portions ol various
ducting structure(s) that dircet the various airflow compo-
nents into or out of the device. Fxemplary airtlow component
directing struclures include vacuum inlets 58 and high-pres-
surc nozzles 60 of the low and high-pressure systems 40 and
42, respectively. By housing all of the primary nlets and
oullets suchias the vacuum inlets 58 and high pressure nueeles
60 witlin the nose segment 32, device 30 is able to generally
concentrate hoth aitlow inputs and outputs of the low and
high pressure systems 40 and 42 onle a surlace area, or
affected zone, of the surface being cleaned.

Ag shown in FIGS. § and 6, the main body segment 34 is
eenerally curved. As will be explained in greater detail herein,
tlus curvature provides a curved flow path from the nose
segment 32 to a residue collection chamber 2 that is posi-
tiomed generally above the G S0 and inte which a filter {not
shown) 1s preferably loaded for the collection of dust and
other residue captured by the vacuum nozzles 64.

Turning o FIGS. 6-8, the main body sepment 34 and the
nose segment 32 are preferably fonmed as a single body;
although, the invention is not so limited. The handle segment
36 is preferably allixed w0 the main body segment 34 in a
conventional manner but it is understood that the handle
segment 36 could also be integrally tformed with the hody
segment 34 and (he nose segment 32, In some embodiments,
the handle segment 36 iz hinged in some manner to the main
body segment 34 to allow the device to effectively fold or
bend which can be advantageous lor dusting diflicult (e reach
honzontal surfaces, such as relatively high shelves. The on-
entation of the nose segment 32 and the handle segment 36
relative 1o the main body segment 34 is particularly well
illustrated in FIG. 6. As will be described, a flow path 1s
defined from within the nose segment 32 to the main body
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segment 34 and, in particularly, to the residue chamber 62,
The motor 48, gear box 42. compressor 52 are contained
within a mechanicals enclosure 64 that is defined in a lower
portion of the main body segment 34. The mechanicals enclo-
sure 64 is closed by a removable cover 66, which is shown in
F1G. 8 to have a generally saddle-like shape. The cover 66
includes vents 68, the significance of which will be described
hereinafier.

Also shown in FIG. 8 is a filter cover 70 that is preferably
made of a clear plastic material and closes the residve cham-
ber 62. Still relerring 1o FIG. 8, in a preferred construction,
battery cap 72 intertaces with the battery pack chamber 38 to
secure a battery pack or set of batteries into the chamber 38.
In addition. a wand cover 74 interfaces with the nose segment
32 1o generally close access (o (he working components ol the
nosc scgment 32, such as rotary valve 54.

2. Low-Pressure System Generally

The low-pressure system 40 operates as a function of the
low-pressure fan 50 thal is preflerably driven by the subas-
sembly of motor 48 and gearbox $6. As shown in FIGS.
12-16, low-pressure fan 50 includes multaple rotating blades
76 that radiate from a shaft 78 that is preferably arranged
vertically within the main body segment 34. The particular
configuration of fan 50 is selected based on the infended end
use implementation(s) of device 30, whereby fan 50 can be
any of a variety of smitable designs such as, ¢.g,., radial fans,
axial tans, mixed How tans, squirrel cage tans, and/or others.
Preferably, fan 50 defines a flow rate of about 10-40 Cubic
Feet per Minute (CEM), or preferably about 25-30 CFM, and
15 capable of establishing air pressure of about 1-10inches ot
water columi.

Fan 50 is an impeller that is preferably configured to draw
in or intake air in along an axial path, yet discharge air in an
airllow having both a radial and an axial component. To
accomplish this mixed-flow discharge functionality, fan 50
includes a first and a second tapering members, e.g., tapered
liub 80 and tupered outer shell 82 1hat are axjally spaced from
cach other, noting that tapered hub 80 can extend or be nested
somewhat within the tapered outer shell 82,

The tapered hub and outer shell 80 and 82 cach delines an
outer surface that 1s generally frusto—conical. Preferably, the
frusto-conical outer surface ot tapered hub 80 converges or
lapers duwnwardly al a sleeper or greater angle (han does that
of the tapered outer shell 82, In this regard, the width of the
void space between the inner surface of the tapered outer shell
&2 and the outer surface ol hub 80 decreases while raversing
from the outer shell 82 to the hub 80. Multiple fins 84 extend
radially hetween the tapered huh K0 and outer shell 82. The
[ins 84 also extend angularly with respect w0 an axis of rota-
ton ofthe fan 50, and can, in some implementations, have one
or more curves or sharp-angle bends along their respective
lengths,

The reannost portions of the tapered hub 80 and shell 82,
spaced from each other by fins 84, detine openings K6 ther-
ebetween. It is through (he openings 86 (hat the mixed-flow,
e.g.. combined axial and radial flow, airflow exits the fan 50.

Reterring again to FIGS. 4-8, the intake side of fan 80 1s
wiilized [or providing a negative or vacuum pressure for the
device 30, The intake or vacuum side of low pressure fan 50
is fluidly connected to one or more openings or primary
vacuwn inlets 58, and optionally, an auxiliary inlet (not
shown), provided in nose segment 32. The particular portion
(3) of nose segment 32 that draw 1 a vacuum airtlow are
selecled based on the intended end use characieristics ol
device 30. Accordingly, the vacoum aiuflow can be drawn
through, e.g., a portion or the entire length of the lower
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portion of nose sezment 32, and/or elsewhere through nose
segment 32 such as one or more sidewall portions thereof.,

Accordingly, the particular location(s), shape(s), and
dimension(s) of the primary vacuum inlets 58 are selected
based at least in part on the portion of nose segment 32 in
which they are mstalled. For example, in typical implemen-
tations, vacuum inlets 58 are provided on a downwardly fac-
ing surface of nose segment 32. The vacuum inlets 58 pref-
crably occupy a major portion of the downwardly facing
surface area, and more preferably occupy substantially all of
the downwardly facing surface area. It is noted that the
vacuum inlets 58 can be multiple, discrete openings in the
downwardly facing surface of nose segment 32, or can be
defined by a single. unitary elongate opening therethrough. A
single vacuum inlet whose width increases with distance from
the fan has been found to be particularly advantageous as such
an inlet maintains more consistent vacuum suction along the
full length of the opening.

As noted above, in some embodiments, the vacoum airflow
can be drawn through the primary vacuum inlets 58. or an
amdiliary vacuum inlet (not shown), as desired. Itis therefore
contemplated that the auvxiliary vacuum mlet can be covered
by ashroud (not shown), whereby itis disengaged. in a default
position. When the avxiliary vacoum inlet is to be utilized, the

shroud s slid longitudinally away from the vacoum inlet 2

effectively exposing the auxiliary inlet and directing the
vacoum airflow therethrough.,

Ag noted ahove, the tan 50 gits beneath a residue chamber
62, which is normally loaded with a filter. In this regard, the
filter {not shown) sits berween the nose segment 32 and the
inlet or vacuum side ot low-pressure tan 50. In this configu-
ration, as low pressure fan 50 draws a vacuum airflow througlh
nosc segment 32, that vacuwn airflow is filicred by way of the
filter betore passing through the low pressure tan 50, captur-
ing particulale matter which was removed by the device 34.

As noted above, preferably, the residue chamber 62 is
covered by a clear, transparent, or translucent lid or cover 70
enabling a user o yuickly determine whether the (ilter has
boen sufliciently soiled to justify replacement. Optionally, a
filter tullness ndicator can be provided on the device 30,
visually showing a user when the [liller assembly 50 or ils
filtering material shovld be replaced. The filtering material of
the filter is selected on the intended end use environment, and
includes HEPA [ilters, matted and liber [ilers, open cell [oam
filters other nonwoven fiber filters, corrugated filters, tacky
substance covered filters, electrostatically charged filters,
and/or others, as desired. [t is [orther noted that the particular
type and number of filtering elements and location of such
elemenits utilized in the filter corresponds to the intended end

use ol device 30. In other words, in some embodimnents, the 3

filter 1s durable and washable whilst in other preferred
embodiments the filter 1s disposable and replaceable. Further-
more, the filter materal or media of the Olier can be reated
with a scent or disinfecting agent for treating, e.g., a low
pressure exhaust airtow.

Prelerably, the (iliered vacuum airllow enters the intake or
vacuumside of low pressure fan 50, passes through the fan 50,
and 1s vented to atmosphere through vent openings 68 formed
in cover 66; although, other types o venling arrangements are
contemplated and may be used. As the airflow passes from the
fan 50 to the vent openings 68. a pottion of the airflow also
provides cooling of the motor, compressor, and gearbox.

It is further contemplated that the airflow may be treated
with. e.g., a scented, odor eliminating, cleaning, or disinfect-
ing substance as it exits the device. This allows a user o clean
particulate matter from surfaces or articles while simulta-
neously improving any malodors nearby.
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Alternately, the filtered. positive pressure exhaust airflow
from low pressure fan 80 is directed, through suitable ducting
{not shown), back through (he nose sepment 32, exiling as an
air curtain type airflow. Preferably the vacuum airflow enter-
ing the low-pressure side and the exhaust airfflow of the posi-
tive pressure side of low-pressure fan 50 traverse the nose
segmient 32 and other portions of device 30 as completely
distinct airflow segments. Thus, ducting and/or other scparat-
ing structure(s) keep the vacuum and exhaust low-pressure
airflows sealed from each other. whereby such opposing air-
(lows enly communicate with each other while entering and
cxiting, respectively, the nose segment 32, Stated another
way, of the low-pressure systemn 40, only the low-pressure
airflows outside of device 30 and adjacent the airflow affected
porlion of the surlace being cleaned, namely, the vacuum
airflow and the air curtain, would intimately interface and
interact with each other in this alternate embodiment. It will
be appreciated that the air curtain could be used to not only
conlain particulate matter, bul also in some instances be used
1o assist with dislodging of particulate matter from a surface.
For example, a chemical cleaning agent designed to dislodge
particulate matter from the surface cculd he presented to the
surface via the air curtain.

3. High-Pressure System Generally

The high-pressure system 42 operates as a function of the
high-pressure compressor 52 that is preferably driven by the
suhassembly of motor 48 and gearhox 56. In an alternate
embodiment, high-pressure air is supplied by a replaceable
compressed air container. The high-pressure system 42
includes high-pressure compressor 82, high-pressure rotary
valve 54, one or more high-pressure nozzles 60, and option-
ally an auxiliary high-pressure nozzle (not shown). In some
embodiments. a single elongated high pressure nozzle is
used, while in other embodiment, a series of spaced nuzeles
arc used.

Turning again to FIGS. 4 and 5, high-pressure compressor
52 is a pump 1o compress a charge ol air that is outputied al a
high pressure. Suitable pumps for creating a high-pressure
output include a variety of single cylinders, eg., wobble
piston, pumps, and others, as desired. Prelerably, high-pres-
sure compressor 52 can operate within a pressure range of
about 10-30 psi. The lugh-pressure airflow outputted from
high-pressure compressor 52 1s direcied 1o the rotary valve
54, Rotary valve 54 meters and periodically releases bursts of
high-pressure air individvally to the individual high-pressure
nogzzles 60 by way of suitable ubing, airlines, or other con-
duits. Stated another way, the high-pressure compressor 52
and rotary, eg., distribution, valve 54 cooperate with the
high-pressure nozzles 60 10 establish and deliver bursts of
high-pressure air to the affected zone of the surface being
cleaned.

Reflerring now 1o FIGS, 17-23, the rotary valve 54 can
include a rotating component 88 that extends into an inner
sleeve Y. The inner sleeve M} is retained within a manifold
sleeve 92, which in wirn {fits within an vuler sleeve 94, The
rotating component 88 intertaces with a support shaft 96 that
15 driven by gearbox 56. I 'he rotary valve 84 is secured to the
gearbox 56 by retaining rings 98. During use, slots in the
rotating component 88 align with openings 104 in the mani-
fold %2, permitting the lughly pressurized air to pass from the
compressor 52 o the manifold 92 via inlet 102 and then o
openings 100, and then through fittings that are connected to
ubing or airlines leading to the nozzles 60. Thus. the con-
liguration of high-pressure distribution valve 54 influences
the pulse characteristics of the airflow bursts that are directed
1o and through the nozzles 60.
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The rotary valve 54 and nozzles 60 cooperate to release
airflow bursts that are very abrupt, mimicking the instanta-
neous delivery of [ast-on and Fast-olT systems, while still
providing sufficient flow volume of air to dislodge the par-
ticulate matter.

The sharp, discrete bursts provided by high-pressure dis-
tribution valve 54 (i) conserve power consumption of device
30, (i1) consume relatively less Cubic Feet per Minute {CFM)
of air, and (iii) can be more effective at dislodging stuck
particulate matter. as the bursts are emitted from the high
pressure nozzles 60 in a manner that simulales a square wave
in its pressure versus time plot. Preferably, nozzles 60 arc
supersonic nozzles, whereby they are confipured to accelerate
the bursts of airflow 10 supersonic velocities. It is understood,
however, lhat non-supersonic nozeles could also be used.

Referring still to FIGS. 9-11, cach nozzle 60 has a dis-
charge opeming 102 that is defined generally by a frusto-
conical flange 104 extending from a wall 106. Opposite
[lange 104 is a lhreaded body 108 lor threadingly connecling
the nozzles 60 to corresponding lngh-pressure conduits in the
nose segment 32. The openings 102 are shaped to influence
the surface area and shape upon the surface being cleaned and
affected by the airflow bursts. Correspondingly, the particular
number of nozzles 60, the spacing between them, and their
respective orientation and/or arrangements within the nose
scgment 32, are all selected to provide desired airflow bursts.

Accordingly, the apening perimeter shapes of 1ozzles &0
and the profile and inside diameter(s) of the axial bores 110
cxtending therethrough at least partially define blast radii or
blast diameters upon the surtace being cleaned. The spacing,
and panticular emission sequence and amangement of the
nozzles 60 arc configured to provide the desired cumulative
blast pattern and corresponding coverage area on the surface
being cleaned, be it linear, curvilinear, overlapping, spaced,
or otherwise.

4. Power Circuit

Turning nuw 10 FIGS. 27 and 28, in a prelerred embodi-
ment, power is provided to the motor 48, which drives the fan
50, compressor 52, and valve 54, by a battery pack 46. Rocker
swilcly, e, pushbutton 44, closes the circuil between the
battery pack 46 and the motor 48. That is, when the pushbut-
ton dd is pressed into the ON position, the circot 15 closed and
the motor 48 is powered. Conversely, when the pushbution 44
15 pressed into the OFF position, the motor 48 1s isolated from
the battery pack 46. The power circuit 112 also inclndes a
ramp up speed control circuil 114, which is shown schemati-
cally at FIG. 28.

The speed control circuit 114 has a microprocessor 116, or
similar intelligence, 1o provide pulse width modulation con-
trel of the motor 48. More particolarly, the processor 116
provides suitable controls to the motor controller 118 for
controlling motor operation as described herein,

C. System Use

During use, the nose segment 32 is positioned herween
aboul 0.5 o 4 inches, oplivnally about 1 w 3 inches, or
preferably about 1 inch, above such surface or article, but
regardless, the user need not touch or otherwise contact the
device 30 1 it. Then, the user aciuates he swilch 44 and
thereby energizes motor 48 which, by way of gearbox 56,
low-pressure fan 50 and high-pressure compressor 52, pow-
ers the low and high-pressure systems 40 and 42. The user is
then able to detach or dislodge and capture or remove dust or
other particulate matter in a touchless manner, even from
under overhanging structures of vbjects without having 1o
remove the objects from their resting places to access the
under sides of the overhanging structures.
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Referting now to FIG. 29, upon so doing, the device 30
establishes a low-pressure vacuum airflow 120 and high-
pressure airllow bursts 122, As shown at FIG. 29, the vacowun
airflow 120 has a linear component 1204 in the nose scgment
32, acwrved component 1205 defined generally at the inter-
face of the nose segment 32 and the main body segiment 30,
and a linear component 1206 defined in the main body sep-
ment 34 as the airflow approaches the residuc chamber 62 and
the filter disposed therein. Since the high-pressure nozzles 60
are positioned, for example, centrally and linearly, within
nose segment 32, the high-pressure airllow bursls 122 pen-
ctrate through or adjacent the vacuum airflow 120, In this
regard, the high-pressure airflow bursts 122 can dislodge at
least some of the particulate matter from the surface that is
being cleaned, and the vacuum airllow 120 removes the par-
ticulate matter and captures it in the filter, This allows the
particulate matter to be removed from the surface or article by
way of a touchless technique.

In some implementations, an optional low-pressure air cur-
tamn output airflow concentrically surrounds the vacuum air-
flow and defines an outermuost disposed airflow for containing
the dislodzed dust and debris within its perimeter. Regard-
less, the deviee 30 removes dust or debns from o surface or
object without ever having touched, contacted, or moved such
surface or object. relatively reducing the time required for a
user to perform various houschoeld dust or debeis removing
tasks. However, some embodiments include at least one
accessory for mechanically dislodging particulate matter
{rom a surface being cleaned so thatif desired, a user can also
use contact-type cleaning techniques in addition to the touch-
less teclmiques allowed by the device 30, Such exaniples
include a brush or Hutfy duster cloth.

In a preterred embodiment, the device 30 1s powered by
rechargeable battenies (not shown). In further embodiment,
the batteries take the form of a rechargeable battery pack (not
shown) that is contained 11 a compartment 38 defined at the
distal end of the handle segment. By locating the batleries al
the distal end of the handle scgment, the total weight of the
device is advantageously distributed away from the mechani-
cals 50 a5 (o keep the center of gravity ol the device comlori-
ably over the vser’s hand. Itis contemplated that the compart-
ment 38 may be received by a charging station (not shown)
lhat can be conligured as 4 decking station {or holding the
device 30 whale it charges or recharges. Optionally, the bat-
tery pack may be replaced with another battery pack that may
be charged al the charging station. In vet other embodiments,
the charging station may be an tegral component of device
30, whereby it serves as an AC to 1) power converter and the
device 30 assumes a “corded™ confliguration. In yet [orther
embodiments, the device 30 15 corded but 1s devoid of an AC
to 1) power comverter, whereby any electronic devices
therein are AC powered,

In one preferred embodiment, the handheld portable device
has a weight less than equal to two pounds and is operative to
capture approximaltely 70 percent of dust dislodged from a
surface. It isunderstood that greater that 70 percent capture is
possible but may require a sacrifice in the overall size and/or
weight ol the device. Prelerably, (he impact lorce at each
high-pressure nozzle is approximately 17 grams at 15 psi.
Preferably, the battery pack may be charged in approximately
30 minutes and a [ully charged baltery pack provides approxi-
mately 15 minutes of continuous runtime. Wlile filters of
different operating patameters may be used, it is preferred
hat the filter have an elliciency ol al least 70 percent for
particles greater than or equal to 3 microns, with a dust
holding capacity of approximately 1000 mg.
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As noted above, a single motor 15 used to drive the fan, the
compressor, and the rotary valve. In a preferred embodiment,
the motor is a brushed DC motor with a rated voltage of
20VDC and a rated current of 8A to provide a rated output
power of approximately 80W at a target speed of 24000 EPM,
Preferably, the motor has an operating efficiency of at least
approximately 76 percent at the target speed.

As noted above, in a preferred embodiment, the motor
drives three separate output shafts of a gearbox. In a preferred
embodiment, the gearbox has an input shaft that is rotated at
23000 RPM and the output shaft for the compressor is rotated
ar 2500 RPM., the output shaft for the rotary valve is rotated at
400 RPM, and the output shaft for the fan is rotated at 14000
RPM. In one preferred embodiment, the gearbox includes a
face gearbox that is interconnected between the motor and a
spur gearbox. The face gearbox rotates the wput shaft to the
fan and also rotates an input shaft to the spur gearbox. The
shafts for the compressor and the rotary valve arc off the spur
gearbox.

ln a preferred embodiment, the motor is powered by a
12VDC battery pack contained NiMH batteries. Recharge-
able hatteries may also be vsed and charged wirlia 120VAC,
60 Hz supply voltage provided by a charger that complies
with applicable UL13 10 standards for class 2 power supplics.

Preferably, the battery pack may be charged with a fast charge 2

of 30 minutes. It should also be noted that a Lithium ion
battety or a battery with another chemistry is possible.

The compressor preterably provides compressed air at 19
psi at the compressor's cutput. The compressor preferably
operates at a operating speed of 2500 RPM, and provide a
compressed air tlow at a tlow rate of 0.21 CFM. The rotary
valve preferably operates a rated speed of 400 RPM, and
provides pulsed air in approximatcly 6 ms durations with
approximately 10 ml of air per pulse. Preterably, the rotary
valve provides approximaiely 1600 pulses per minute at the
rated speed. In addition, in a preferred embodiment, the cutlet
port ot the rotary valve 1s rectangle, although, other gecmetri-
cal shapes are pussible.

The high-pressure nozzles arc preferably converging-di-
verging supersonic nozzles. In a preferred embadiment, the
device has 4 such nordes with a linear spacing belween the
nozzles of approximately 1.25 inches. The air pressure at the
inlet to the nozzles 15 approximately 18 psi whereas the air
pressure 4l the nozde outlet is approximately 17 psi.

The fan is preferably constructed to operate with 2 rated
speed of 14000 KPM. has a height of approximately 0.9305
inches and outer diameter of approximately 2.9007 inches.,
The fan is preferably a nuxed flow type of fan, as described
herein. and provides air at a flow rate ot 300 CFM.

Although (e best mode contemplated by the inventors of 3

carrying out the present invention is disclosed above, practice
of the present invention is not himited thereto. It will he
manifest ot vanous additions, medifications. and rearrange-
ments of the features of the present invention may be made

without deviating trom the spirit and scope ot the underlving s

inventive concepl. Further, when the device is used vn rela-
tively low-lying surfaces, e.g., tloors. in outdoor environ-
ments, and others, it may turther include wheels, be adapted
o slide, or mounted 1o some vther suitable chassis, which
may render the handle segment unnecessary, allowing suit-
ably comfortable use while removing particulate matter from
such low-lying surlaces.

Moreover, the individual components need not be formed
in the disclosed shapes, or assembled in the disclosed con-
liguration, but could be provided in virtually any shape, and
assembled in virtually any configuration. Furthermore, all the
disclosed features of each disclosed embodiment can be com-
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bined with, or substituted for, the disclosed features of every
other disclosed embodiment except where such features are
mumally exclusive, The dimensions shown in the figures are
merely exemplary anditis understood that the invention is not
limited to the exact dimensions shown.

It 15 intended that the appended claims cover all such addi-
tions, modifications, and rearrangements. Expedient embodi-
ments of the present invention are differentiated by the
appended claims.

What is claimed is:

1. A portable device for dislodging particulate matter from
a surface, the portable device comprising:

a body segment that is movable with respect to a surface

from which particulate matter is being dislodged:

a high-pressure assembly operably connected to the body
segment and generating a high-pressure fluid flow for
being emitted toward the surface from which the par-
ticulate matter is being dislodged, and

a nozzle assembly operatively connected to and receiving
the fluid flow trom the high-pressure airflow assembly,
the nozzle assembly including multiple nozzles that are
spaced from each other and configured to emit the fluid
flow as a series of discrete pulses such that each of the
multiple nozzles defines a blast diameter vpon the sur-
face from which the particulate matter is being dis-
lodged, and

wherein a comulative blast pattern is defined by the com-
hined blast diameters of the multiple nozzles, the cumu-
lative blast pattern defining a coverage area that corre-
sponds in size to an arca value of a downwardly facing
area of the nozzle assembly.

2. The portable device of claim 1, further comprising a nose
scgment that extends from the body segment. the nosc seg-
ment housing the nozzle assembly therein, and wherein the
blust patiermn coveraye ared is al least as large as a downwardly
facing arca of the nose scgment.

3. The portable device of claim 1, wherein the blast diam-
elers of he mulliple nozeles vverlap each other so as 1o deline
a blast pattcrn that is continuous along alength or width of the
coverage atrea,

4. The puntable device of atl least vne of claims 1-3, the
high-pressure airflow assembly further comprising a rotary
valve discretely delivering volumes of flmd to the multiple
nozzles.

5. The portable device claims 4, wherein the nozzles emit
the tluid as a series of discrete pulses 0 a maoner that simu-
lates a square wave as represenled in @ corresponding pres-
sure versus time plot.

. The portable device ot claim 4, the rotary valve turther
comprising, an inner sleeve (hat is provided concentrically
inside of and supporting a manifold sleeve.

7. The portable device of claim 6, the rotary valve turther
comprising, a rotating component extending axially inte the
inner sleeve and being supported by a support shafi that
accepts pressurized tluid trom the high-pressure assemhly.

8. The portable device of claim 7, wherein the olating
component is rotated by a gear-train that is driven by a prime
mover.

9. The portable device ol claim 7, wherein the gear-train
drives at least one other component in addition to the rotating
component.

10. The portable device ol claim 1, wherein cach ol the
multiple nozzles further comprises a frusto-comical Hanpe
defined at an end thereof, and an opening extending axially
into the [rusto-conical Nange.
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