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ABSTRACT

A rotating plate misting fan (RPMF) is capable of delivering
cooling to industrial environments including loading bays
for docked trailers. The RPMF includes a rotating plate
assembly configured to eliminate or minimize water collec-
tion in the environment area.
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ROTATING PLATE MISTING FAN

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application 63/067,035, filed Aug. 18, 2020,
which is incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] Cooling of industrial warehouses and shipping
docks, and specifically cooling the inside space of docked
trailers, is conventionally done with fans. This is because air
conditioning (AC) is too expensive for such poorly insulated
spaces where open dock doors allow cold air to escape,
swamp coolers require too much space to deliver the
required cooling and because orifice-based misting fans tend
to clog and/or puddle. Rotating Plate Misting Fan (RPMF)
systems too, do not at this time provide enough cooling or
are not yet reliable enough to manage return water without
causing flooding and do not allow sufficient control of mist
volume and humidity while keeping articles in front of the
RPMF dry. Thus, virtually every bay door at every large
shipper that requires manual loading has wall mounted fans,
providing for dangerously little cooling for workers. In fact,
according to the Occupational Safety and Health Adminis-
tration (OSHA), fans should not be used when the ambient
temperature exceeds 95° F., because by blowing hot air, fans
actually increase the risk of a heat injury. In the sunbelt
during hot days, workers often find themselves working
inside trailers with temperatures exceeding 90° F. which
according to US Military Code is the maximum temperature
allowed for physical labor.

SUMMARY OF THE INVENTION

[0003] An object of the invention is to overcome deficien-
cies in prior art systems in order to increase the efficiency of
the RPMF, which is defined as the amount of water sprayed
by the rotating plate (RP) divided by the amount of water fed
onto the RP.

[0004] Another object of the invention is to increase the
misting capacity of an RPMF system up to five times what
is conventionally available. (Typical RPMF systems are
capable of misting about 4 gallons per hour for a 13-inch
plate. Above that limit, the plates tend to saturate and
“spitting” of larger droplets occurs.) Often, where space is
limited, as is the case with dock doors, increasing the
diameter of the plate to increase the volume of mist is not a
practical option due to employee movement and size con-
straints of the dock door area.

[0005] Another object of the invention is to reduce the
average size and size distribution of droplets in the mist
coming out of an RPMF. The smaller the average size of
droplets coming out of the fan the more cooling that can be
provided. Too many of the water droplets in a traditional
RPMF are above 10 microns making it too heavy to remain
suspended in air, and the droplet end up settling on the floor
within minutes of operation thereby creating a slip hazard.
In embodiments, nearly all mist coming out of the RPMF is
sub 10 micrometer thereby allowing no water settlement on
the floor even with dramatically more powerful misting.

[0006] Another object of the invention is to provide reli-
able management of excess water return of an RPMF.

Apr. 21, 2022

[0007] Another object of the invention is to provide for
autonomously and dynamically adjusting the vapor rate to
optimize cooling as a function of proximity to the cooled
object, the ambient temperature and humidity, and to allow
such control for an independent unit or a fleet, as well as
remotely managing a fleet of RPMFs for reliability and
performance. RPMF’s main disadvantage in cooling, in the
present state of development, is increased humidity and
consequent wetting of floors and surfaces. These wetting
properties are especially concerning in logistics warehouses
and trailer cooling, where the wetting of cardboard packag-
ing may make conventional misting fans, including RPMFs,
ineffective and potentially detrimental. Therefore, in order to
minimize the risk of wetting the parcels, the inventors have
focused on management of excess water (so that it does not
fly out of the system and wet the floor) as well as providing
an autonomous mode which makes the machine self-aware
of the conditions surrounding it and governs the amount of
mist cooling based on psychrometric parameters, which
enables use of RPMF and mist-based cooling in places
where wetting is of concern.

[0008] In embodiments, the rotating plate as well as many
other components of an RPMF according to the invention
have been contoured and surface treated to prevent large
droplets of water flying off the RPMF.

[0009] In one embodiment, an RPMF according to the
invention comprises: a water supply; at least one rotating
plate and a housing receiving the plate; each said plate
having a front misting surface and a rear surface facing a
spinning hub; said hub being mounted on a shaft having a
longitudinal axis, said hub having exterior surfaces includ-
ing a rear and lateral sides; wherein water is supplied from
the water supply to the spinning hub and to the rear surface
of the rotating plate, and wherein the rotating plate is
provided with a contour composed of concentrically
arranged planar surfaces, said planar surfaces being gener-
ally perpendicular to the longitudinal axis of the shaft, a
plurality of said planar surfaces being at a respective plu-
rality of different positions on the longitudinal axis of the
shaft.

[0010] In embodiments, the concentric planar surfaces are
arranged so that when the rotating plate is placed stationary
on a flat horizontal surface and water is poured on the front
misting surface, water cannot pool on the plate.

[0011] Inembodiments, water is supplied to the hub on the
RPMF in a controlled way to avoid water losses and to
minimize uneven distribution of water onto the surface of
the rotating plate.

[0012] In an embodiment, an RPMF according to the
invention comprises: a water supply; at least one rotating
plate and a housing receiving the plate; each said plate
having a front misting surface and a rear surface facing a
spinning hub; said hub being mounted on a shaft having a
longitudinal axis, and having at least exterior surfaces
including rear and lateral sides; and at least one water
conduit directing water from the water supply onto the
exterior lateral surfaces of the hub, wherein the water
conduit does not eject water directly onto the rear surface of
the plate or directly onto the hub at a 12 o’clock position of
the hub.

[0013] In another embodiment, the at least one water
conduit directs water from the water supply onto the lateral
side exterior surface of the hub so that the water is incident
on the hub at a position that is between 2 o’clock and 10
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o’clock when looking at the RPMF from the front, (into the
mist) (+60 to —-240 degrees with respect to the horizon,
wherein the horizon is at 0 degrees and a positive angle is
formed with the horizon in the clockwise direction).
[0014] Inembodiments, water is provided onto the surface
of'the hub with a velocity component in the direction the hub
is spinning.

[0015] In embodiments, alignment and weighting of the
hub is improved by having a hole in the rotating plate
receiving the hub, wherein a diameter of a hole receiving the
hub is 15% or more of the diameter of the plate. The plate
in such embodiments may be described as “self-aligning,”
due to the plate being thin and lightweight in comparison to
the hub.

[0016] In another aspect of the invention, water loss is
addressed by optimizing design and conditions at the periph-
ery of the plate of the RPMF.

[0017] In embodiments, an RPMF is provided, compris-
ing: a water supply; at least one rotating plate and a housing
receiving the plate; said at least one plate having a front
misting surface and a rear surface facing a spinning hub; said
hub being mounted on a shaft and received in a hole in the
center of the plate. The RPMF is provided with a flat surface
positioned behind the rotating plate, starting behind the plate
and extending outward of a peripheral edge of the rotating
plate in a radial direction.

[0018] In embodiments, the flat surface is more than 0.5
and less than 5 mm behind the peripheral edge of the rotating
plate and may be provided as a ring attached to the housing.
In embodiments, the ring may be provided with deflecting
teeth for contacting and atomizing water droplets ejected
from the plate. In embodiments, the teeth are provided at an
angle greater than 0° with respect to a radial of the rotating
plate.

[0019] Careful scrutiny has been given to every surface of
an RPMF that contacts water and novel systems have been
introduced to minimize water loss and to enhance water
collection and recycling as described in the detailed descrip-
tion below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The subject matter regarded as the invention is
particularly pointed out and distinctly claimed in the con-
cluding portion of the specification. The invention, however,
both as to organization and method of operation, together
with objects, features, and advantages thereof, may best be
understood by reference to the following detailed descrip-
tion when read with the accompanying drawings in which:
[0021] FIG. 1A depicts a front perspective view of an RP
assembly according to an embodiment of the invention;

[0022] FIG. 1B is a cross sectional view of an RP assem-
bly;
[0023] FIG. 2 is another cross-sectional view of an RP

assembly according to an embodiment of the invention,
omitting the RP housing;

[0024] FIG. 2A depicts an alternative arrangement for
fastening a hub to a rotating plate, incorporating a secondary
bushing according to an embodiment of the invention;
[0025] FIGS. 3A and 3B schematically depict water sup-
ply onto an external surface of the hub according to an
embodiment of the invention;

[0026] FIG. 4 schematically depicts water supply onto an
internal surface of the hub according to an embodiment of
the invention;
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[0027] FIG. 5Ais a front view of a rotating plate and FIG.
5B is a cross section thereof, depicting concentric planes or
“treads” according to an embodiment of the invention;
[0028] FIG. 6 schematically depicts a configuration of
grooves provided on the wet side of an RP to guide fine
ligaments of water to a peripheral edge of the plate;
[0029] FIG. 7 depicts a guard screen for an RP assembly
according to embodiments of the invention;

[0030] FIG. 8A depicts a front elevation view of an RPMF
having a drainage arrangement, according to an embodiment
of the invention and FIG. 8B is a cross sectional view
thereof;

[0031] FIG. 9 is a detail view of an area adjacent to the
perimeter of the rotating plate, according to an embodiment
of the invention;

[0032] FIG. 10 is a rear perspective view of an RP
assembly according to an embodiment of the invention,
incorporating a windshield for the drain;

[0033] FIG. 11 is a rear perspective view of an RP
assembly according to an embodiment of the invention,
incorporating an intermediate water tank; and

[0034] FIG. 12A and FIG. 12B depict a rotating plate
assembly mounted on a frame to facilitate installation at
different heights.

[0035] It will be appreciated that for simplicity and clarity
of illustration, elements shown in the figures have not
necessarily been drawn to scale. For example, the dimen-
sions of some of the elements may be exaggerated relative
to other elements for clarity. Further, where considered
appropriate, reference numerals may be repeated among the
figures to indicate corresponding or analogous elements.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

[0036] In the following detailed description, numerous
specific details are set forth in order to provide a thorough
understanding of the invention. However, it will be under-
stood by those skilled in the art that the present invention
may be practiced without these specific details. In other
instances, well-known methods, procedures, and compo-
nents have not been described in detail so as not to obscure
the present invention.

[0037] Although embodiments of the invention are not
limited in this regard, discussions utilizing terms such as, for
example, “processing,” “computing,” “calculating,” “deter-
mining,” “establishing”, “analyzing”, “checking”, or the
like, may refer to operation(s) and/or process(es) of a
computer, a computing platform, a computing system, or
other electronic computing device, that manipulates and/or
transforms data represented as physical (e.g., electronic)
quantities within the computer’s registers and/or memories
into other data similarly represented as physical quantities
within the computer’s registers and/or memories or other
non-transitory information storage medium that may store
instructions to perform operations and/or processes.

[0038] Although embodiments of the invention are not
limited in this regard, the terms “plurality” and “a plurality”
as used herein may include, for example, “multiple” or “two
or more”. The terms “plurality” or “a plurality” may be used
throughout the specification to describe two or more com-
ponents, devices, elements, units, parameters, or the like.
The term set when used herein may include one or more
items. Unless explicitly stated, the method embodiments
described herein are not constrained to a particular order or
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sequence. Additionally, some of the described method
embodiments or elements thereof can occur or be performed
simultaneously, at the same point in time, or concurrently.
[0039] A rotating plate assembly 100 is depicted schemati-
cally in FIG. 1A and in cross section in FIG. 1B, comprising
at least one rotating plate 16 mounted on shaft 12 driven by
motor 10, and hub 18 connected to plate 16. Rotating plate
16 is mounted for rotation in housing 102. The assembly
includes water supply 101 (depicted in FIG. 2), through
which water is provided to hub 18 and/or rear side of plate
16. Water makes its way along the outer surface of hub 18
and centrifugal force from the rotation of hub 18 and plate
16 forces tracks of water or “ligaments” to the edge of the
plate where droplets of mist are expelled between plate 16
and housing 102 in which the rotating plate is mounted.
Careful observation and testing of these phenomena have
resulted in certain innovations in design.

[0040] An RPMF comprises a fan (not shown) which is
located behind a rotating plate assembly and may be
attached to the rotating plate assembly. The details of RP
assembly 100 are described independently of the fan, though
it is understood by those of the skill in the art that a fan is
generally part of the overall apparatus, blowing the mist
forward. Airflow direction is indicated by arrows 11.
[0041] In a conventional RPMF a water stream is pro-
jected directly on the “wet side” of a rotating plate or may
be splashed on the top side of an outer surface of the
spinning hub, directly above the hub, including at the “12
o’clock” position. According to embodiments of the inven-
tion, schematically depicted in FIGS. 3A and 3B, water may
be projected from water conduit 14 onto an outer surface of
hub 18 in a direction hub 18 is spinning.

[0042] Another aspect of improved water supply to the
plate of the RPMF according to embodiments of the inven-
tion is depicted in FIG. 3A, wherein water from water supply
101 is conveyed onto a lateral surface of the spinning hub 18
in a direction parallel to rotation of the rotating plate so that
the water flow hitting the hub and/or plate is already parallel
to and flowing in the direction of the rotation, which again
minimizes spatter and waste of water. In embodiments,
water is not directed at the top of the hub but is instead
incident on the hub at a position that is between 2 and 10
o’clock. Thus, water from conduit 14 is preferably incident
on the hub at an angle no greater than 60 degrees with
respect to the midline, and may be incident at any position
from 60 degrees, below the midline, and up to -240 degrees
on the opposite side.

[0043] In embodiments, water flow onto the plate is
improved by angling water incident on hub 18. Hub 18 is
circular and has a circumference. Instead of directing water
onto hub 18 in a direction parallel to the circumference,
water may be projected at a slight angle toward rotating plate
16. These adjustments cause the water to flow smoothly onto
plate 16 and from hub 18 to the peripheral edge of the plate
where it is ejected as mist.

[0044] In another aspect of the invention, water may be
provided onto hub 18 or plate 16 from more than a single
direction with more than a single source, e.g., with multiple
conduits 14. In embodiments, applying water onto the hub or
the plate at multiple positions may increase the amount of
water the RP can distribute.

[0045] In embodiments, when projecting water on the hub
at a plurality of positions on the hub, water is directed onto
the hub above a horizontal midline of the hub and suffi-
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ciently inboard of the lateral sides of the hub to prevent
water from dropping between the hub and the openings of
the water conduits, whether a single water conduit or a
plurality of water conduits projects water onto an exterior
surface of the hub.

[0046] In another embodiment, schematically depicted in
FIG. 4, water is directed through conduit 41 inside shaft 12
to an inside surface of hub 18, and reaches rear surface of
plate 16 through openings 17 in hub 18, which may increase
uniformity of water flow and improve mist formation. When
water is projected on inner surface of hub 18, water first
coats the inner walls of the hub and only then is sprayed onto
the plate through dedicated openings 17. This allows water
to coat the plate in a uniform manner, increasing the effi-
ciency of misting.

[0047] Adding a second plate on shaft 12 may allow for
increased misting. This may further be generalized to three,
four, or more plates, fed from one or a plurality of hubs.
[0048] In an embodiment depicted in FIG. 2, fasteners 21
for hub 18 are provided on dry side of plate 16 and protected
by cover 22. In an embodiment depicted in FIG. 2A,
fasteners 201 may be provided through wet side of plate 16
and received in a secondary bushing 202, to avoid having
protrusions on the dry side of plate 16. The cover 22 or
secondary bushing 23 further act as a clamp for the thin RP
aiding it to straighten and lock in place simply from the
action of rotating plate 16 on shaft 12, without requiring
dynamic balancing, thereby dramatically reducing produc-
tion costs without impeding performance.

[0049] FIG. 5A and FIG. 5B depict an RP according to
embodiments of the invention wherein RP 16 is contoured,
having a plurality of concentric planar surfaces or “treads”
71 at different positions on longitudinal axis 15 of shaft 12.
In embodiments, each tread 71 is substantially perpendicular
to a longitudinal axis 15 of shaft 12 separated from an
adjacent tread 71 by riser 72, so that peaks and valleys are
not formed on the plate, as is sometimes practiced in the art.
Substantially perpendicular, in this context, means less than
10 degrees from perpendicular, and in embodiments, less
than 5 degrees from perpendicular.

[0050] Treads 71, separated by risers 72, form steps that
interrupt travel of ligaments of water on the “wet” side of
plate 16 traversing plate 16 toward its peripheral edge.
Having treads 71 in a perpendicular relationship with the
longitudinal axis of the shaft, prevents water droplets from
dislodging from the peaks between treads as a result of
centrifugal force created by rotation of plate 16. In a case
where the rotating plate approximates a dome, which is
conventional, water does not meet “steps” at all, such that
the breakup of the water into finer and finer ligaments occurs
at a lower rate. In an embodiment shown in FIG. 5B, each
of the planes 71 forms about a 90° angle with the longitu-
dinal axis 15 of the shaft. It may also be advantageous to
control an angle made by risers 72 with the longitudinal axis.
In embodiments, no plane 71, 72 on back side of rotating
plate 16 is at an angle agreater than 100 degrees, measured
between a shaft of the hub and any plane on the surface of
the plate.

[0051] The rotating plate assembly according to embodi-
ments of the invention has at least 60% of the rotating plate’s
surface perpendicular to the shaft centerline (£10 degrees).
In embodiments, the treads themselves are parallel to each
other., each adjacent plate tread diverging less than 10
degrees from parallel relationship with its neighbor (and in
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embodiments less than 5 degrees). In embodiments, the
parallel, or near-parallel treads are separated by risers 72,
which may be curved or straight, and may be perpendicular
or nearly perpendicular with the plane of the tread. In
embodiments, the risers may be shorter than 1 centimeter.
The risers may be at an angle close to 90 degrees with the
tread, such that when water climbs a riser and then turns 90
degrees along the tread surface (on the rear side of the plate),
the water ligaments split into finer ligaments as they travel
toward the plate periphery. The risers need not be straight;
they can be inclined, rounded, or any other configuration,
without departing from the scope of the invention. These
features can be measured according to a “Tread Test” simply
by placing a rotating plate flat and stationary, pouring water
from above over the entire front surface of the plate. If some
of the water is captured into concentric pools on the surface,
then the Tread Test is “failed”. If no concentric rings of
water pool on the surface of the plate in the Tread Test, the
Tread Test is “passed.” According to embodiments of the
invention the rotating plate has treads rather than peaks and
valleys and passes the Tread Test.

[0052] The RP is thin and flexible and self-aligns at a
predetermined rotation speed. As shown in FIG. 5A, the
rotating plate has a central hole accommodating the hub and
a ratio of a diameter D of the central hole to a diameter of
the plate is higher than 15%. Conventionally, it was thought
to manufacture hubs as small as possible in order to reduce
the weight of the rotating assembly and allow for smaller
motors; this conventionally also required a rotation and a
balancing apparatus similar to what is done with car wheels
adding or reducing weight to the plate at one or another
radial. The inventors herein have surprisingly found that a
larger hub-to-plate diameter ratio, sacrificing functional area
of the plate, enables use of a thin plate that does not need to
be dynamically balanced. That is, the plate stretches and
self-balances as a result of centrifugal forces, due to an
increased weight and size of the hub, as well as the flexibility
of the plate.

[0053] The materials of construction of an RPMF accord-
ing to the invention are similar to what is used in the prior
art. The rotating plate is typically (but not necessarily) metal,
such as stainless steel, and may be somewhat thinner than a
plate material on a conventional RPMF. The housing and
associated parts, including a drain, where applicable, and a
detachable ring with “teeth” (discussed below) may be made
of molded plastic or steel (but this is not a requirement).
Where a surface is indicated as being hydrophilic, this may
be done by selecting an appropriately hydrophilic plastic for
molding, or applying a surface coating, or applying a rough
grainy texture as would be apparent to the person having
ordinary skill in the art. Often in the prior art, all parts that
come in contact with the water (hub, plate, teeth, housing,
drain) are smooth and hydrophobic such that agglomeration
of water droplets on the surfaces is clearly visible. In
contrast, in embodiments according to the invention, plastic
water-contacting surfaces are hydrophilic, for example,
causing water droplets to form a contact angle of 30 degrees
or less.

[0054] In an embodiment schematically depicted in FIG.
6, grooves 65, 66 may be provided on the wet side of plate
16 along the radials of the plate. As shown in FIG. 6, the
number of such grooves, the overall density of grooves, may
increase in a direction toward a periphery 160 of plate 16 the
farther the grooves are from the hub. Thus, a water ligament
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traversing the wet side of the plate from hub 18 toward
periphery 160 will be guided along groove 65, and may be
divided into finer ligaments by additional, more densely-
spaced grooves 66.

[0055] It is conventional in the art to encase the periphery
of the plate with a shield as a last stop for droplets of water
flying off the plate. This results in the housing having an
edge surface that extends forward of the rotating plate. The
drawback of this encapsulation at the periphery of the plate
is that it may lower the volume of mist coming out of the
plate by capturing some of the mist and returning it to the
drain. In embodiments of the invention, by improving the
plate contour and the delivery of water to the plate, as
described above, the excess droplets are eliminated and a
shield not only becomes redundant, but the negative impact
can be avoided whereby, in a conventional application, the
shield agglomerates water which then drips into the air-
stream and wets the floor. As seen in the cross section of
FIG. 1B for example, no protruding edge surface is provided
and no portion of perimeter 102 of housing is forward of the
plate, defined as protruding less than 0.5 cm in front of the
plate, and in embodiments less than 0.1 cm in front of the
plate. The housing is substantially flush with the peripheral
edge of the front misting surface of the plate and no
mist-catching shield is provided.

[0056] In some embodiments, the RP may be provided
without a screen. However, in an embodiment depicted in
FIG. 7, RP assembly 100 is provided with guard screen 401
which for reasons of user safety prevents contact with plate
16. Novel features of guard screen 401 improve water
collection, including guides 404 inclining downward toward
drain to form a chevron-shape with adjacent guides. Guides
404 may meet at an angle from 100-30°, for example 60° to
form a chevron shape. In embodiments, water does not
contact horizontal surfaces on the guard screen at any point
and is not able to collect. Guard screen 401 may include
crown portion 402 on its perimeter and a beard feature 403
on a lower portion which also serve to direct water to drain
81. In the embodiment shown, four fasteners 77 attach guard
401 to housing 102, and they are not spaced equidistantly
around the perimeter of the RP.

[0057] The detail of FIG. 9 depicts trenches 109 intro-
duced along the surface of the housing beyond the periphery
of rotating plate 16. Trenches 109 collect and direct wetting
of the surface to channel water to drain 81 making use of
capillary effects to guide water. To improve collection of
water, surfaces of the drain likewise may be provided with
channels to ensure water does not drip from the device.
These surfaces (and any surfaces associated with the hous-
ing that accumulate water) may be made of hydrophilic
polymeric material or treated, such as by adding a grainy
texture to become hydrophilic.

[0058] In another aspect, the invention includes “teeth”
structures 91 that may be provided at the periphery of the
plate to improve misting capability. Teeth 91 serve to break
up water droplets expelled from plate 16 to further facilitate
mist creation. In embodiments, teeth 91 have an orientation,
for example a generally elongated shape, wherein the lon-
gitudinal axis may be angled with respect to a radial line
extending from the center to the circumference of the plate.
The longitudinal axis may be pitched at an angle 5-45° or
more with respect to a radial line, as shown in FIG. 7.
[0059] In embodiments, sets of teeth may be molded
integrally with the housing. In other embodiments, arcuate
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sets, such as rings, of teeth may be provided for interchange-
able attachment to the housing, adapted to adjust a tooth
count or an arrangement of teeth by swapping out rings. Two
or more of the sets of teeth may be used in combination,
forming an interwoven pattern. In embodiments, sets of
these teeth are provided to change the density of teeth
provided proximate the edge of the rotating plate. Different
rings may change the angle at which the teeth are positioned
with respect to the radial, the density of teeth or the shape
of the teeth may be changed, making them more elongated
or shorter, depending on the anticipated volume flow. As
shown in FIG. 11 and FIG. 1A, teeth 91 may be provided on
a ring 93 which is removably attached to housing 102 by
fasteners 92.

[0060] As shown in FIG. 1A and FIG. 1B, a set of teeth
may be provided on an arcuate support, such as ring 93. A
flat portion 95 of this surface may extend inwardly of the
teeth in a direction of the center of the rotating plate,
positioned behind the “wet” or rear side of the rotating plate
behind the plate a distance of about 5 mm or less, to reduce
water loss. The surface may extend toward the center. This
surface may be small compared to the extent of the plate.
This flat extension advantageously extends on the ring
inwardly of the teeth. However, a backstop surface in this
area may be provided without the teeth and may be provided
as part of the housing. As discussed above, misting is
enhanced if in addition to the teeth, capillary trenches 109
are provided near the gap between the plate and the housing,
returning stray water that does not form mist to drain 81.
[0061] The misting action is not completely efficient and
not all the water that is projected on the plate converts to
mist. Some water will drop by gravitation and drain 81 may
be required for an RPMF to operate efficiently. A drain
arrangement is shown in FIG. 8 A and in the cross section of
FIG. 8B. Improvements to RPMF efficiency and droplet size
have allowed a reduction in the size of drain 81 located at the
bottom of the RP assembly. In embodiments, the sides of
drain 81 make a drain angle of less than 110° with the center
of the RP (the “drain angle” o' being measured from the
center of the RP to opposite sides of drain 81 as shown in
FIG. 8A). In embodiments, the drain angle encompasses an
arc of 110° or less, and in embodiments, 100° or less.
[0062] Referring now to FIG. 8A, a smaller drain 81
allows for more mist to come out of the

[0063] RPMF without forming droplets because drain
surfaces on which droplets can form are reduced. Every
surface forward of the rotating plate perpendicular to the
flow of the air will over time allow mist to condense and
drop water into the air flow. To reduce or eliminate this
phenomenon, the outer surfaces of the drain are allowed to
drain into a smaller drain or “shroud” 164 that has a much
lower condensation profile. As shown in FIG. 8A and FIG.
8B, shroud 164 is advantageously provided to collect water
that might collect on the outside of the drain. In fact,
conventional wisdom is to attempt to reduce wetting of the
drain. In contrast, the inventors herein allow wetting of the
drain, and provide not only a hydrophilic surface for the
drain, but also trenches on the exterior surface of the drain
suffice to leverage capillary effects and channel any excess
water to shroud 164 and then to drain 81. Shroud 164 may
be vertically separated by a minimum of 1 millimeter to not
interfere with the water flowing down the drain. If too small
a gap is provided, water may make hop out of the trench and
drop onto the outer surface of the shroud
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[0064] In embodiments a conventional drain, having a
gutter, typically spanning from 4 to 8 o’clock at the front
edge of the housing in front of the RP plane with a
funnel-shaped guide at 6 o’clock, is avoided altogether.
Instead, the drain may consist of one or more holes posi-
tioned along the trenches with an aperture at 6 o’clock,
siphoning the water into a drain that may be a molded
integral part of the housing and located behind the RP plane.
In embodiments, a drain is provided as an integral part of the
housing and no portion of the drain is forward of RP 16.
[0065] As shown in FIG. 10, to prevent water that con-
denses on the outer surfaces of the drain from dropping into
the airflow and flying out of the machine, an aerodynamic
windshield 171 may be introduced at the rear of the RPMF
assembly.

[0066] To minimize the size of the apparatus in the imme-
diate vicinity of the RPMF, water may be recycled to a tank
181 that is mounted behind and in effect hidden behind the
rotating plate, as shown in FIG. 11. Since the tank is located
above the drain, a pump is required at the bottom of the drain
to suck the water from the drain to the tank. In order to avoid
flooding of the system, water on the floor below the RPMF
and a slip hazard both the shroud and the tank itself are
equipped with an overflow protection.

[0067] An RPMF may be mounted onto a frame near a
trailer docking bay, each RPMF associated with a fan and a
rotating plate assembly and positioned on the frame to
optimize worker eye level cooling. The RP must remain near
vertical to provide proper misting. FIG. 12A and 12B
illustrate how attachment of the RP assembly 100 to frame
111 may be configured to alter the height of the RPMF while
keeping the rotating plate near vertical.

[0068] In another aspect of the invention, an RPMF is
provided with a variety of sensors and related controls to
maintain or optimize operation. The RPMF may be con-
nected, such as by Wifi or Bluetooth, to a remote control unit
on site or in the “cloud.” While fixed indoor climate control
systems already allow a significant degree of remote control,
and off-site or remote management, monitoring and control
of portable climate-control equipment has not generally
been implemented. Thus, an additional object of the inven-
tion is to realize benefits that pertain to safety and cost
through remote control of an RPMF, or a fleet of RPMFs.
Advantages of a WiFi or Bluetooth linking of RPMFs may
include remote troubleshooting, allowing customer service
to connect to the equipment in the field and assess compo-
nents’ operating parameters; automatic collaboration of a
plurality of equipment installations in one geographical area
based on, for example, environmental patterns; geofencing,
allowing programmable parameters for the operation of the
equipment even when off site, such as performance limits,
regional limits or time limits. These features are of high
importance for equipment rental companies seeking to
increase customer ease of use. Centralized monitoring may
allow an officer in charge to verify proper operation, such as
remotely verifying when an RPMF runs out of water; and
may allow plant managers to compare productivity levels to
cooling parameters.

[0069] In embodiments, the RPMF further comprises a
range sensor and a controller adapted to automatically adjust
vapor rates and/or fan speed, based on an assessment of
objects in front of the misting fan and or psychrometric
parameters. These parameters may be monitored and con-
trolled for a single RPMF or for a fleet.
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[0070] Object sensors associated with an RPMF, or with a
plurality of RPMFs in a fleet, may be configured to identify
the presence of objects on a vector and rate of progress along
said vector.

[0071] Sensors, such as distance, humidity, temperature,
and pressure sensors, may be placed proximate the RPMF,
or in a location being cooled by the RPMF (such as a truck
trailer or loading bay), communicating wirelessly with the
RPMF, and with a controller to adjust water and fan levels
according to the distance to the “target” and psychrometric
calculations to adjust the wind and water levels. Appropriate
sensor and control schemes may be provided for auto drying,
that is, removal of all (or most) of water from the machine’s
tanks, and anti flood controls—sensors that monitor if the
water system is flooding or leaking.

[0072] Sensors associated with an RPMF, or with a plu-
rality of RPMFs in a fleet, may be configured to identify
malfunctions including lack of water in the water reservoir,
electrical disconnects and high current draws and GPS
location.

[0073] Sensors associated with an RPMF, or with a plu-
rality of RPMFs in a fleet, may be configured to increase the
systems awareness to threats and automatically remove it in
or out of the way responding to forklifts and people moving
in or out of the target cooling zone.

[0074] Sensors associated with an RPMF, or with a plu-
rality of RPMFs in a fleet, may be configured to identity the
presence of people outside the system’s cooling zone and
order the system to oscillate and change its orientation
automatically pointing at where people are as they move
through the space.

[0075] Sensors associated with an RPMF, or with a plu-
rality of RPMFs in a fleet, may be configured to identify
productivity rates of operations within the range of the
sensors, movement or lack of thereby enhancing safety and
optimizing cooling and energy consumption for peoples’
presence or productivity rates.

[0076] The RMPF or a fleet may be used with a computer
application configured to allow control of the fan by a user
and for communicating with a management system of the
fan. An application of this type may be configured to connect
a user by phone or video via the application to the manage-
ment system for customer service. Remote control may
include the ability to remotely lock the fan’s physical control
board and allow remote operation and firmware updates only
as well as to automatically alert a user or a management
system of any other malfunction.

[0077] The following additional recitations are provided
for a complete understanding of the invention:

[0078] A rotating plate misting fan, comprising: a water
supply; at least one rotating plate and a housing receiving the
plate; each said plate having a front misting surface and a
rear surface facing a spinning hub; said hub being mounted
on a shaft having a longitudinal axis, said hub having
interior and exterior surfaces including a rear and lateral
sides; and a water conduit from the water supply to the
rotating plate, wherein the water conduit has an opening
onto the internal surface of the spinning hub and the spin-
ning hub has at least one through hole in said hub opening
onto said at least one rotating plate.

[0079] A rotating plate misting fan, comprising: a water
supply; at least one rotating plate and a housing receiving the
plate; each said plate having a front misting surface and a
rear surface facing a spinning hub; said hub being mounted
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on a shaft having a longitudinal axis, said hub having at least
exterior surfaces including a rear and lateral sides, and a
plurality of water conduits directing water from the water
supply to a plurality of positions onto the exterior surfaces
of the hub and/or onto the rotating plate.

[0080] A rotating plate misting fan, comprising: a water
supply; at least one rotating plate and a housing receiving the
plate; each said plate having a front misting surface and a
rear surface facing a spinning hub; said hub being mounted
on a shaft having a longitudinal axis, and having at least
exterior surfaces including rear and lateral sides; and at least
one water conduit directing water from the water supply
onto the lateral side exterior surface of the hub in a direction
said hub is spinning.

[0081] The misting fan as disclosed herein, wherein at
least one of the plurality of water conduits has an opening
onto the lateral side of the exterior surface of the hub,
adapted to project water on the exterior surface of the hub
parallel to a direction of rotation of the hub.

[0082] The misting fan as disclosed herein, wherein the
water conduit has an opening onto the exterior surface of the
hub above a horizontal midline of the hub and sufficiently
inboard of the lateral sides of the hub to prevent water from
dropping between the hub and the opening of the water
conduit.

[0083] The misting fan as disclosed herein, where water is
projected onto the interior surface of the hub at a plurality of
positions in the hub.

[0084] The misting fan as disclosed herein, wherein the
hub has a length accommodating two or more rotating plates
positioned in series along the hub.

[0085] The misting fan as disclosed herein, wherein no
surface of the rotating plate is at an angle greater than 100
degrees, measured between the longitudinal axis of the shaft
and any plane on the front surface of the plate.

[0086] The misting fan as disclosed herein, wherein at
least 60% of the rotating plate’s surface is perpendicular to
the longitudinal axis of the shaft within +10 degrees.
[0087] The misting fan as disclosed herein, wherein the
rotating plate has a plurality of treads and said treads are
parallel to each other, diverging less than 10 degrees from
being parallel to an adjacent tread.

[0088] The misting fan as disclosed herein, wherein when
the rotating plate is placed stationary on a flat horizontal
surface and water is poured on it, the plate will not cause the
water to puddle in concentric rings on the plate.

[0089] The misting fan as disclosed herein, wherein the
rotating plate has risers between adjacent threads and said
risers are shorter than 1 centimeter.

[0090] The misting fan as disclosed herein, where the
rotating plate is sufficiently thin and flexible that the plate
requires no dynamic balancing and self aligns above a
predetermined rotation speed.

[0091] The misting fan as disclosed herein, wherein the
rotating plate has a central hole accommodating the hub and
a ratio of a diameter of the central hole to a diameter of the
plate is higher than 15%.

[0092] The misting fan as disclosed herein, wherein the
back “wet” surface of the plate is provided with radial
grooves.

[0093] The misting fan as disclosed herein, wherein a
density of the radial grooves is increased with increasing
distance from a center of the plate.
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[0094] The misting fan as disclosed herein, wherein the
back “wet” surface of the plate is textured.

[0095] The misting fan as disclosed herein, wherein pro-
tuberant teeth extend at intervals between an edge of the
housing toward the rotating plate, and wherein each of the
protuberant teeth has a longitudinal axis which forms an
angle of at least 5 degrees with a radial line from a center of
the tooth to a center of the rotating plate.

[0096] The misting fan as disclosed herein, wherein, other
than an area where teeth and a drain are located, surfaces of
the housing are flush with or behind the plate and do not not
occupy space forward of the plate.

[0097] The misting fan as disclosed herein, wherein a
drain is located within the housing and behind a front edge
of the housing.

[0098] The misting fan as disclosed herein, wherein the
housing contains capillary trenches arranged circumferen-
tially around the perimeter of the plate to trap water.
[0099] The misting fan as disclosed herein, wherein a set
of teeth is provided on a ring, attachable to and removable
from the housing, whereby a density of teeth is adjustable
automatically or manually.

[0100] The misting fan as disclosed herein, wherein arcu-
ate sets of teeth are adapted to be interchangeably attached
to the housing close to a peripheral edge of the rotating plate.
[0101] The misting fan as disclosed herein, wherein the
ring comprises a flat surface extending inwardly toward the
center of the plate, behind and parallel to the rotating plate.
[0102] The misting fan as disclosed herein, wherein two or
more of the sets of teeth are adapted to be fastened in an
interwoven pattern.

[0103] The misting fan as disclosed herein, comprising a
drain wrapping around a peripheral portion of the rotating
plate section, said peripheral portion comprising an arc of
110 degrees or less, measured from the center of the plate.
[0104] The misting fan as disclosed herein, wherein the
drain is provided with a secondary shroud adapted to collect
water dripping from an outside surface of the drain.
[0105] The misting fan as disclosed herein, further com-
prising capillary channels on the outer surfaces of the drain
and or on the inner surfaces of the shroud.

[0106] The misting fan as disclosed herein, wherein the
drain or the secondary shroud contain a flood, or water block
detection system.

[0107] The misting fan as disclosed herein, wherein no
surface of the drain or secondary shroud is forward of the
front edge of the housing.

[0108] The misting fan as disclosed herein, wherein the
drain is integral with the housing and located behind the
rotating plate and behind a forward edge of the housing.
[0109] The misting fan as disclosed herein, wherein the
drain is constructed from or coated by hydrophilic materials
and or hydrophilic patterns.

[0110] The misting fan as disclosed herein,comprising a
fan mounted behind the housing and the rotating plate and
wherein the drain system is shielded from air produced by
the fan by a windshield.

[0111] The misting fan as disclosed herein, where the
windshield is aerodynamically shaped to allow flow lines
around the shield.

[0112] The misting fan as disclosed herein, wherein a
water reservoir is mounted behind the rotating plate.
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[0113] The misting fan as disclosed herein, wherein the
water reservoir contains two shutoff valves in series to
minimize the probability of flooding.

[0114] The misting fan as disclosed herein, further com-
prising a shut-down system adapted to evaporate water until
the water reservoir is drained.

[0115] The misting fan as disclosed herein, where a vol-
ume of water projected onto the rotating plate is controlled
by a combination of a variable speed pump and a valve
mechanism regulating the amount of water coming out of
said pump.

[0116] The misting fan as disclosed herein, further com-
prising a range sensor and a controller adapted to automati-
cally adjust vapor rates and/or fan speed, based on an
assessment of objects in front of the misting fan and or
psychrometric parameters.

[0117] The misting fan as disclosed herein, wherein the
controller is configured to dynamically modify an operating
range allowed by a user interface control unit based on
sensor feedback.

[0118] The misting fan as disclosed herein, further com-
prising a forward looking camera and a flashlight that are
remotely or automatically operated.

[0119] In another aspect, the invention is embodied in a
system for controlling an RPMF, or a fleet of RPMFs,
wherein each said RPMF is configured for remote program-
ming and control by an RPMF management system config-
ured to alter mist or wind volume responsive to detected
ambient and or psychrometric conditions and/or range detec-
tion.

[0120] The system may comprise a management console
enabling remote fleet or individual RPMF setting and over-
ride including remote upload of firmware.

[0121] The system may comprise sensors monitored
remotely to: diagnose malfunctions, alert for malfunctions,
and or geofence and restrict use of the evaporative fan based
on performance caps, time and location.

[0122] In embodiments, the system further comprises a
computer application configured to allow control of the fan
by a user and for communicating with a management system
of the fan. The app may be configured to connect a user by
phone or video via the application to the management
system for customer service.

[0123] Inembodiments, the application may be configured
to remotely lock the fan’s physical control board and allow
remote operation only. The application is adapted to auto-
matically alert a user or a management system of any
malfunction.

[0124] In embodiments, a humidity/temperature sensor is
mounted onto conveyor belts which run inside a trailer in
order to communicate over the air with the RPMF and adjust
the amount of humidity in the trailer.

[0125] The system may be placed at a trailer dock door,
and a spatial sensor of any type may be used for the gauging
and analysis of parcels movements in the trailer whether in
the directional vector (loading or unloading) or in the rate of
progress along said vector.

[0126] The RPMF or a fleet of RPMFs may be installed in
one or more trailer docks or inside one or more trailers.
[0127] The RPMF air flow may be focused and aimed
along and parallel to one of the trailers’ side walls.

[0128] While certain features of the invention have been
illustrated and described herein, many modifications, sub-
stitutions, changes, and equivalents will now occur to those
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of ordinary skill in the art. It is, therefore, to be understood
that the appended claims are intended to cover all such
modifications and changes as fall within the true spirit of the
invention. A feature disclosed as being associated with one
embodiment, or a dependent claim limitation recited as
being associated with one independent claim, may be asso-
ciated with a different embodiment, or with a different
independent claim without departing from the scope of the
invention. All such combinations are included within the
scope of the invention.

1. (canceled)

2. A rotating plate misting fan, comprising: a water
supply; at least one rotating plate and a housing receiving the
plate; each said plate having a front misting surface and a
rear surface facing a spinning hub; said hub being mounted
on a shaft having a longitudinal axis, said hub having
exterior surfaces including a rear and lateral sides;

wherein water is supplied from the water supply to the

spinning hub and to the rear surface of the rotating
plate, and

wherein the rotating plate is provided with a contour

composed of concentrically arranged planar surfaces,
each said planar surface being generally perpendicular
to the longitudinal axis of the shaft, a plurality of said
planar surfaces being at different positions on the
longitudinal axis, wherein

the concentrically arranged planes are arranged so that

when the rotating plate is placed stationary on a flat
horizontal surface and water is poured on the front
misting surface, water does not pool in concentric rings
on the plate.

3. The misting fan according to claim 2, wherein the
rotating plate has a central hole accommodating the hub and
a ratio of a diameter of the central hole to a diameter of the
plate is higher than 15%.

4. The misting fan according to claim 2, wherein the plate
is sufficiently flexible that the plate self-balances as a result
of centrifugal forces.

5. (canceled)

6. The misting fan according to claim 2, wherein at least
60% of the rotating plate’s surface is perpendicular to the
longitudinal axis of the shaft within +10 degrees.

7. (canceled)

8. (canceled)

9. (canceled)

10. (canceled)

11. A rotating plate misting fan, comprising: a water
supply; at least one rotating plate and a housing receiving the
plate; each said plate having a front misting surface and a
rear surface facing a spinning hub; said hub being mounted
on a shaft having a longitudinal axis, and comprising a flat
surface positioned behind the rotating plate, extending
beyond the peripheral edge of the rotating plate in a radial
direction.

12. The misting fan according to claim 11, wherein the flat
surface is parallel to the plate within +/-20 degrees.

13. The misting fan according to claim 11, wherein the flat
surface is made of with hydrophilic materials and/or is
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provided with a textured surface adapted to reduce droplet
contact angle with the surface to below 30 degrees.

14. The misting fan according to claim 11, wherein said
flat surface has an arcuate shape adapted to be attached to the
housing proximate the periphery of the plate, wherein the
flat surface is further provided with protuberant teeth
extending from the flat surface at intervals between an edge
of the housing and the rotating plate.

15. The misting fan according to claim 14, wherein each
of the protuberant teeth has a longitudinal axis which forms
an angle of at least 5 degrees with a radial line from a center
of the tooth to a center of the rotating plate.

16. The misting fan according to claim 14, further com-
prising trenches in the housing

17. The misting fan according to claim 15, further com-
prising holes in said trenches to return water in the channels
back to the housing

18. The misting fan according to claim 11, wherein the
housing and a drain operatively connected to the housing are
provided with hydrophilic surfaces.

19. The misting fan according to claim 11, wherein a drain
is located within the housing and behind a front edge of the
housing.

20. The misting fan according to claim 11, comprising a
drain wrapping around a peripheral portion of the rotating
plate section, said peripheral portion comprising an arc of
110 degrees or less, measured from the center of the plate.

21. The misting fan according to claim 11, comprising
trenches on the drain adapted to direct droplets of water by
capillary action.

22. The misting fan according to claim 11, wherein the
drain is provided with a secondary shroud adapted to collect
water dripping from an outside surface of the drain com-
prising a pump that contains a water level measurement
system in order to determine when to pump the water to a
separate water tank and avoid flooding.

23. The misting fan according to claim 11, wherein the
drain is integral with the housing and located behind the
rotating plate and behind a forward edge of the housing.

24. The misting fan according to claim 11, comprising a
fan mounted behind the housing and the rotating plate and
wherein the drain system is shielded from air produced by
the fan by a windshield.

25. The misting fan according to claim 11, comprising a
guard forward of the rotating plate adapted to prevent user
contact with the plate, and formed of a plurality of guides
forming a chevron pattern.

26. The misting fan according to claim 11, further com-
prising a range sensor and a controller adapted to automati-
cally adjust vapor rates and/or fan speed, based on an
assessment of productivity, safety, presence, distance, and
type of objects in front of the misting fan and/or psychro-
metric parameters.

27. The misting fan according to claim 23, wherein the
controller is configured to dynamically modify an operating
range ceiling and floor allowed by a user interface control
unit based on sensor feedback.

#* #* #* #* #*



