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OPEN REFRIGERATION UNITS USING INDUCED JET ACTUATORS

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims priority to copending U.S. provisional
application entitled, “Method and Apparatus for Improving the Efficiency of Open
Refrigeration Units using Synthetic Jet Actuators,” having serial number 61/861,870,

filed August 2, 2013, which is entirely incorporated herein by reference.

TECHNICAL FIELD
[0002] The present disclosure is generally related to open-case refrigeration

technologies.

BACKGROUND

[0003] Retailers frequently use open refrigeration for some or all of their
refrigerated items. Open-case refrigerators can be found in virtually every grocery
store, supermarket, and convenience store. These units keep eggs, meats,
cheeses, and other food and beverages cold while displaying them in a manner that
is attractive and inviting to customers. The major downside of open-case
refrigerators is that their open fronts are extremely inefficient, resulting in sky-high

energy bills, losing on average 75% of the energy used to operate it.

[0004] Open-case units can be replaced with units equipped with doors or
retrofitted with doors to achieve energy savings; however, opening a physical door
can pull cold air out of the case as it breaks the seal within the refrigerated space.

One study showed that when a refrigeration unit's door is opened over 60 times in
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one hour, it negates any energy savings. Opening doors can also be cumbersome
in high traffic areas, and the doors tend to require frequent cleaning. There is also
a substantial cost associated with replacing open-case units or retrofitting them
with doors. Perhaps more importantly, placing a physical barrier between the
customer and the product tends to reduce sales, and this loss in sales has been
shown to negate the energy savings that the doors provide in some circumstances.
Commercial retailers therefore still make extensive use of open refrigeration units

despite their substantial inefficiencies.

BRIEF DESCRIPTION OF THE DRAWINGS
[0005] Many aspects of the present disclosure can be better understood with
reference to the following drawings. The components in the drawings are not
necessarily to scale, emphasis instead being placed upon clearly illustrating the
principles of the present disclosure. Moreover, in the drawings, like reference

numerals designate corresponding parts throughout the several views.

[0006] FIG. 1A is a diagram of a perspective view of an illustrative housing
device which contains induced jet actuators in accordance with an embodiment of

the present disclosure.

[0007] FIG. 1B is a diagram of a side elevation of the illustrative housing

device of FIG. 1A.

[0008] FIG. 1C is a diagram of a bottom elevation of the illustrative housing

device of FIG. 1A, which shows an interior configuration within the housing.
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[0009] FIGS. 1D and 1E are diagrams of respective perspective and side
views of an illustrative housing device which shows the induced jet actuators being

housed inside and accessible from an opening in the bottom.

[0010] FIG. 2A is a diagram of a perspective view of the illustrative housing
device of Fig. 1A showing a housing device enclosure and mounting plate which

can be customized to fit existing refrigeration units.

[0011] FIG. 2B is a diagram of a side elevation of the illustrative housing

device of FIG. 1A showing its angling capabilities.

[0012] FIG. 3A is a diagram of a perspective view of the illustrative housing
device of FIG. 1A and potential accessories prior to installation onto an existing

vertically oriented refrigeration unit.

[0013] FIG. 3B is a diagram of a perspective view showing how the
illustrative housing device of FIG. 1A can be attached to an existing refrigeration

unit in accordance with an embodiment of the present disclosure.

[0014] FIG. 4A is a diagram of a side elevation of an illustrative vertically

oriented refrigeration unit before upgrade.

[0015] FIG. 4B is a diagram of a side elevation of the vertically oriented
refrigeration unit showing where the illustrative housing device and potential
accessories could attach in accordance with an embodiment of the present

disclosure.

[0016] FIG. 4C is a diagram of a side elevation of the vertically oriented
refrigeration unit with the illustrative housing device and accessory attached,

showing air flow from the device and an interior flow of cold air being contained.
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[0017] FIG. 5A is a diagram of a side elevation of a horizontally oriented

refrigeration unit before upgrade.

[0018] FIG. 5B is a diagram of a side elevation of the horizontally oriented
refrigeration unit showing where the housing device and potential accessories can

attach in accordance with an embodiment of the present disclosure.

[0019] FIG. 5C is a diagram of a side elevation of the horizontally oriented
refrigeration unit with the illustrative housing device and accessory attached,

showing air flow from the device and an interior flow of cold air being contained.

[0020] FIG. 5D is a diagram of a side elevation of the horizontally oriented
refrigeration unit showing where the housing device and accessory attach in
accordance with an embodiment of the present disclosure showing internal air

rotation.

[0021] FIG. 6A is a diagram of a side elevation of a vertically oriented
refrigeration unit showing where multiple illustrative housing devices and potential
accessories can attach in accordance with an embodiment of the present

disclosure.

[0022] FIG. 6B is a diagram of a front elevation of a vertically oriented
refrigeration unit showing where multiple illustrative housing devices and potential
accessories can attach in accordance with an embodiment of the present

disclosure.

[0023] FIG. 7 is a diagram of a vertically oriented refrigeration unit with
illustrative housing units of induced jet actuators attached in accordance with an

embodiment of the present disclosure.
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[0024] FIGS. 8A is a diagram of a perspective elevation of a refrigeration unit
and the effect a penetrating arm or object would have on the air flow that is being
released in a waterfall effect manner in accordance with an embodiment of the

present disclosure.

[0025] FIG. 8B is a diagram of a perspective view of a vertical open case
refrigeration unit showing the door being opened and cold air being released from

the interior of the unit.

[0026] FIG. 8C is a diagram of a top view of the vertical open case
refrigeration unit of FIG. 8B showing the door being opened and cold air being

released from the interior of the unit.

[0027] FIG. 9A is a diagram of a cold air curtain in a vertical open

refrigeration display case under the current state of the art.

[0028] FIG. 9B is a diagram of multiple air curtains in a vertical open

refrigeration display case under the current state of the art.

[0029] FIG. 10 is a chart of energy losses experienced by refrigeration units

under the current state of the art.

[0030] FIG. 11 is a diagram of a refrigeration unit having a back panel fitted
with synthetic jet actuator(s) in accordance with an embodiment of the present

disclosure.

[0031] FIG. 12 is a diagram of a refrigeration unit having a back and front of
the unit fitted with induced jet actuator(s) in accordance with an embodiment of the

present disclosure.
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[0032] FIG. 13 is a diagram of a refrigeration unit under the current state of
the art having back and front of the unit interiors being fitted with induced jet
actuators. The figure further shows induced jet actuators being fitted in the
mechanical portion of the refrigeration unit including access point for accessories to

be integrated into state of the art system designs.

DETAILED DESCRIPTION
[0033] Systems according to the present disclosure can help to reduce the
substantial energy costs exhibited by prior-art open refrigeration units or cases in
retail establishments. The cost reductions can be very significant given the large
numbers of units in operation and the high levels of energy that they consume.
These cost reductions can result both from better containment of the cold air and
reduction of the intrusion of the ambient air, which reduces the power consumption

of the unit to maintain its optimal operating temperatures.

[0034] FIG. 1A shows an illustrative housing device in accordance with an
embodiment of the present disclosure which contains induced jet actuators and
which can be opened and closed to access internal components using hinges 100
that run along a length of the device. The induced jet actuators 101 are installed
along the length of the device, such as in parallel. The opening vent(s) 102 or
port(s) can exclusively provide the outflow from the induced jet actuators, or
depending on the type of induced jet actuator used, can also be the intake. The
vents can be of any suitable shape such as one or more linear slots. The power
cord 103 for the system can be designed to plug into commonly available power

outlets and its input will be managed by a power converter device that is configured
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to the specific needs of the induced jet actuators in accordance with an embodiment

of the present disclosure.

[0035] In various embodiments, induced jet actuators attached to a
refrigeration unit or case release bursts of fast moving air to create a "waterfall
effect” that forms a virtual door which is more difficult for ambient air to penetrate
from the outside, while reducing cold air loss from the inside being released into the
ambient air. The bursts of air move almost parallel across an open surface of a
refrigerated case. As mentioned, because the air flow being released from the
system will be relatively faster than the air moving within the refrigeration unit, an
induced jet actuator air flow takes on the characteristics of a solid surface or a
waterfall effect as it moves across the outside of the refrigerated area. This type of
fluid flow is also referred as a free sheer layer, as understood by one of ordinary

skill in the art.

[0036] The waterfall effect of fast moving of air creates separation between
the refrigerated interior air and the exterior ambient air. The slower moving
refrigerated air (i.e., operates at a lower air speed) is less able to penetrate, mix in
with, or escape the wall of faster moving air, and the ambient air is unable to
penetrate through the "wall" into the refrigerated space. The result reduces the loss
of cool air and thus reduces the amount of energy necessary to maintain the
desired cool temperatures within the system. Further, the induced jet actuators
operate to produce the air flow independently of any mechanically linked moving

parts and by deformation of pumping elements.

[0037] In one general aspect, this application discloses an embodiment of a

self-contained add-on device designed to create a virtual door by mimicking a solid
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surface using induced jet actuators which release micro bursts of air. This device
may be designed for use on commercial refrigeration display units which are not
physically enclosed. In one embodiment, a plug and play feature allows the system
to be installed easily, quickly, and with minimal wiring or impact on existing retail

operations.

[0038] In various embodiments, systems according to the present disclosure
use synthetic jet actuators as induced jet actuators, which come in multiple known
styles including, Piezoelectric Synthetic Jet Actuator, Synthetic Jet Plasma Actuator,
Synthetic Jet Circular Orifice Actuator, Synthetic Slot Jet Actuator, Electro-active
Polymer Synthetic Jet Actuator, No-moving-part Hybrid Synthetic Jet Actuator. Any,
all, or a combination of these devices known or unknown may be used and the

multiple installation configurations contemplated.

[0039] Additionally, plasma technology used by one embodiment of induced
jet actuators has the potential to create a new generation of energy efficient, open
refrigeration systems that will improve the quality of a shopping experience for
people everywhere. Plasma consists of charged species, namely electrons and
ions that bombard the air particles with sufficient momentum to motivate the
neighboring flow. Non-limiting examples of plasma actuators are described in U.S.
Patent No. 8,235,072, titled “Method and Apparatus for Multibarrier Plasma High
Performance Flow Control,” issued on August 7, 2012, U.S. Publication No.
2013/0038199, titled “System, Method, and Apparatus for Microscale Plasma
Actuation,” filed on April 21, 2011, and WIPO Publication No. W0O/2011/156408,
titted “Plasma Inducted Fluid Mixing,” filed on July 6, 2011. Each of these

documents is incorporated by reference herein in its entirety. In general, a plasma
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actuator may induce the flow of a fluid, such as air or any other type of fluid, due to
the electrohydrodynamic (EHD) body force that results from the electric field lines

that are generated between electrodes of the plasma actuator.

[0040] Referring now to FIG. 1B, the figure shows air flow 110 being released
from an illustrative housing device in a linear direction by an induced jet actuator
unit 111 (i.e., a linear induced jet actuator unit). The relative position of the induced
jet actuators 111 within the housing and the relative positions of intake vents 112 for
the induced jet actuators 111 if required by the type of induced jet actuator used to
drive the system are shown. In various embodiments, the induced jet actuators 111
and/or or vents may be added by a novel installation process or may be integrated
as part of the refrigeration unit during manufacturing. Adding the actuators/vents to
a pre-existing unit allows the owners of existing open-case units to save energy
without the cost associated with replacing them. Plus, the amount of energy
savings can be substantial, given that refrigeration units generally exhibit useful
lifetimes of around 15 years. Moreover, retailers need not experience long down
times or disruptions during installation, because the device can be installed quickly
and unobtrusively. This is particularly important in the case of 24-hour retailer
operations. Systems according to the present disclosure can also be made to be
quite compact. This can simplify installation by allowing for simple ways to attach
the device and other parts required to operate more efficiently. It can also reduce
the overall weight of units and size, taking up less space and requiring less

structural support for installations.

[0041] FIG. 1C shows the inside of an illustrative housing into which the
induced jet actuators 120 used for this device fit into custom molded slots that keep

the units in place, while making individual units easier to replace in the event of
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mechanical failure. For instance, clip-on-type electrical connections 121 between
the induced jet actuators aid in making them easier to install and replace, in one
embodiment. Therefore, systems according to the present disclosure may be
designed with a housing device that opens from the outside for easy access into the
interior. Accordingly, in the event of a failure of an individual induced jet actuator,
the individual actuator that has failed can be easily replaced without having to
replace the entire housing device. As mentioned, wiring for the induced jet
actuators may be clip-on-type for easy replacement, installation, or maintenance.
Wiring then may flow into an external power converter whose purpose is to manage
the specific power needs of the overall device and which may plug directly into a
standard electric outlet, which would make the system "plug and play." This does

not eliminate the possibility that a device could be tied into other electrical sources.

[0042] FIG. 1D and FIG. 1E show respective front and side views of an
illustrative housing unit 123 designed to have an open face where the replacement
induced jet actuators 122 can be easily installed or removed. This design reduces
maintenance issues and complexity by offering open case refrigeration owners
replacement induced jet actuator consumable “cartridges” that are easy to replace
and are low cost. A mounting plate 124 is shown and may be used to attach the

housing unit 123 to a refrigeration unit.

[0043] FIG. 2A shows an illustrative main housing unit 200 for the induced jet
actuators and wiring. A flexible door 201 is shown that seals and protects the
induced jet actuators and wiring from exposure, while providing easy access to
maintain or replace interior components. The opening is positioned away from the

interior of the refrigeration device for easy access. A mounting plate 202 is shown,

10



WO 2015/017782 PCT/US2014/049411

which can vary in shape, look, and design depending upon the refrigeration unit to
which it is attached. A mounting plate can be easily attached to the main housing
200 and is fitted with a separate hinge 203 which is designed to allow the housing
unit 200 to be angled in the desired direction of the air flow in accordance with an
embodiment of the present disclosure. Systems according to the present disclosure
may be constructed to be attached to a refrigeration unit using different
customizable attachment types, such as hooks, hinges, glues, bolts, hook-and-loop
fasteners (e.g., Velcro™), etc. that can be easily customized to fit virtually any open
refrigeration system on the global market today or in the future. The material for the
mounting unit may be made of any material or combination, whether natural, glass,
stone, metal, plastic, or artificial that may be flexible or inflexible. Accordingly, the
mounting plate 202 provides a field-operable customizable mounting mechanism for

the housing unit 200, in certain embodiments.

[0044] In addition, systems according to the present disclosure may have a
pre-manufactured housing device in strips made of any material or combination,
whether natural, glass, stone, metal, plastic, or artificial, that may be flexible or
inflexible, which may be custom designed to fit the induced jet actuators. Strips
may be designed to be angled to match the specific configuration of a refrigeration
unit it is being attached to and may be installed in multiple layers vertically or
horizontally to meet the specific height or length of the refrigeration unit or to
improve performance. Pre-manufactured housing strips may be built to or cut into
custom lengths so that a virtual seal can be extended to the sides of refrigeration
units in the event that they are open to the ambient air. In one embodiment, a
housing strip may have air intake vents built in if required by the specific induced jet

actuator being used for a device.

11



WO 2015/017782 PCT/US2014/049411

[0045] FIG. 2B shows the side elevation of an illustrative housing device 210
and how the angle of a housing unit attached to a mounting plate with a hinge 211
can be rotated in both directions 212 to adjust the direction of the air flow 213 being
released by the device. Further, the induced jet actuators, such as plasma
actuators may be activated by applying voltages with various types of waveforms
across respective electrodes. For example, the plasma actuators may be activated
by applying a constant voltage across the respective electrodes. As another
example, a sinusoidal voltage may be applied to the plasma actuators. Additionally,
each one of the plasma actuators may be individually activated and deactivated

according to a predefined pattern.

[0046] In an embodiment, the fluid flow induced in a flow passage can be
varied by controlling the applied voltage potential, phase angle, and/or frequency
across each one of these actuators. In an embodiment, an EHD body force is used
to control the flow of a fluid through the flow passage, tunnel, or channel. In an
embodiment, a plurality of electrodes are arranged and powered to create a plasma
discharge, which can impart an EHD body force to the fluid. Various configurations
of electrodes can be used to control the flow of the fluid into, out of, or through the
flow passage. In an embodiment, electrodes are arranged at or near the entrance
of a channel to draw fluid into the channel. In an embodiment, electrodes are
arranged at or near the exit of the channel to draw fluid out of the channel. Various

configurations of electrodes can be used.

[0047] Next, FIG. 3A shows an illustrative device 300 in its entirety which
includes the housing 303 and a mounting plate 304 in accordance with an

embodiment of the present disclosure. Air flow creating a waterfall effect 301 is

12
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depicted as it forms a virtual door by separating the ambient air from the internal
cold air controlled by the refrigeration unit. In the event that a fairing 302 is required
to divert the faster moving air from the interior of the refrigeration unit, it will be
attached along the inside or outside bottom portion of the unit. FIG. 3B shows how
an illustrative combined device 310 of the housing and mounting plate and if
necessary an air diverting fairing 302 could attach to an existing vertically oriented

refrigeration unit 311.

[0048] Fairings 302 may also be used to assist in directing air inside a
refrigerated case if it improves energy efficiency. In certain configurations, air flow
will be directed from a higher point in a vertically oriented refrigeration case to a
lower point. In horizontal oriented units, a flow of air may be configured to be
angled from a lower point to a higher point but away from the direction of potential
consumers. Fairings 302 can be made of any material whether natural, glass,
stone, metal, plastic, or artificial that can be flexible or inflexible and designed to be

easily custom cut to fit the specific system it is being attached to.

[0049] FIG. 4A shows an illustrative side elevation of an existing condition of
a commonly used vertically oriented refrigeration unit with an "air curtain” 400 of
slow moving air. Air loss 401 resulting from the cold air from inside the unit being
released into and mixing with the ambient warmer air is shown. In this
arrangement, the air curtain utilizes a fan and honeycomb system which releases a
very low velocity air flow directed across the unit opening, providing a protective air
shield. The air curtain fan adds sufficient kinetic energy to the air, providing the
resistance to the penetration of unwanted air or particles. This added kinetic energy

in the discharged air is designed to resist the penetration of outside air.

13
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[0050] Referring now to FIG. 4B, the figure shows an illustrative side
elevation of a relative location where an induced jet actuator’s housing 410 could
attach to the vertical refrigeration unit 411 in accordance with an embodiment of the
present disclosure as part of an upgrade kit. An air diverting device or fairing, if
required, could be attached as shown in 412. The wiring from a housing could then
plug into an outlet 413 that is separate from the refrigeration unit. Correspondingly,
FIG. 4C shows an illustrative housing of induced jet actuators attached to a
refrigeration unit 420 and releasing rapid bursts of fast moving air 421 to create the
waterfall effect that forms a virtual door that is more difficult for ambient air to
penetrate from the outside, while reducing cold air loss from the inside being
released into the ambient air. The impact that the air diversion fairing 422 can have
on fast moving air away from the interior of the refrigeration unit is shown. In this
non-limiting illustration, the waterfall effect provided by the induced jet actuators is
used in addition to the air curtain 400 of slower moving air (e.g., provided by a

cooling unit and fan & honeycomb assembly (not shown)).

[0051] Next, FIG. 5A shows an illustrative side elevation of an existing
condition of a commonly used horizontally oriented refrigeration unit 502 with an air
curtain 500 of slow moving air (e.g., provided by a cooling unit and fan &
honeycomb assembly (not shown)). Air loss 501 resulting from the cold air from
inside the unit 502 being released into and mixing with the ambient warmer air is
shown. In comparison, FIG. 5B shows an illustrative side elevation of relative
locations where the induced jet actuators housing 510 would attach to a horizontally
oriented refrigeration unit 511 in accordance with an embodiment of the present

disclosure. An air diverting device 512 could be attached as shown (by pointer 513)

14
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if necessary. The wiring from the housing could then plug into an outlet 514 that is

separate from the refrigeration unit 511.

[0052] Correspondingly, FIG. 5C illustrates a housing of induced jet actuators
520 attached to a refrigeration unit 523, releasing bursts of fast moving air 521 to
create the waterfall effect that forms a virtual door which is more difficult for ambient
air to penetrate from the outside, and reduces the amount of cold air being released
into the ambient air from the inside of the refrigeration unit 523. The impact of the
air diversion device or fairing 522 on the fast moving air away from the interior of a
refrigeration unit is shown by the redirection of the moving air 521. In this iteration,
the air flow is directed from the lower elevation to the higher elevation to keep the
air flow away from nearby consumers. In this non-limiting illustration, the waterfall
effect 521 provided by the induced jet actuators is used in addition to the air curtain
500 of slower moving air (e.g., provided by an evaporator and fan & nozzle

assembly (not shown)).

[0053] FIG. 5D illustrates a different embodiment, where the housing of
induced jet actuators 520 is positioned so that it pulls cold air from the interior of the
unit instead of the exterior ambient warm air. In this embodiment, the air diversion
device or fairing 522 is used to bring the air flow 521 back into the interior of the unit
to create a rotational effect within the unit that recycles the cold air and reduces the

power use of the refrigeration unit 523.

[0054] FIG. 6A illustrates a side elevation of two housing units 600 of induced
jet actuators attached to a refrigeration unit 602, both releasing faster moving air
601 to form multiple waterfall effects in accordance with an embodiment of the

present disclosure. This creates a virtual door that is more difficult for ambient air

15
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to penetrate from the outside and reduces the amount of cold air loss from the
inside. This configuration may be contemplated to further improve the performance
of the virtual door, particularly on taller vertically oriented units or in more turbulent
high traffic consumer environments. Thus, FIG. 6B illustrates a front elevation of
two housing units of induced jet actuators attached to a refrigeration unit, both
releasing fast moving air 610 to create a multiple waterfall effect that would not be
visible from the outside of the unit in accordance with an embodiment of the present
disclosure. The overall air flow 611 moving down and away from the refrigeration
unit at ground level is depicted. Newly manufactured refrigeration units may be

designed and built to include this type of configuration, in some embodiments.

[0055] Referring next to FIG. 7, the figure shows a view of a vertically
oriented refrigeration unit with housing units of induced jet actuators 700 attached in
accordance with an embodiment of the present disclosure. The figure shows the air
flows 701 being moved downward and away from a refrigeration unit at the front
facing part of the unit and the side facing part or panel of the unit. Accordingly,
waterfalls of fast moving air may be created at both the side(s) and in front of the
refrigeration unit in some embodiments. Further, as discussed below, a tunnel of
fast moving air may also be created at a rear or back panel of the refrigeration unit.
Additionally, FIG. 8A shows an illustrative front elevation of a refrigeration unit and
the effect a penetrating arm 800 (e.g., human arm or other object) would have on
the air flow that is being released in a waterfall effect manner. The faster moving air
from the induced jet actuators could move air flow around 801 the penetrating
object and eventually "re-seal" behind that object 802. For embodiments of the

present disclosure, induced jet actuators in a linear actuator unit may be sized to

16
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create a flow that is sufficient to reduce energy losses through the open face by an

amount that exceeds a total power requirement for the linear jet actuator units.

[0056] FIG. 8B shows a perspective view of a refrigeration unit 810 with a
door 811 to illustrate the forces that create cold air loss when the door 811 is
opened. Correspondingly, FIG. 8C shows a top view. As the door 811 is opened
(as indicated by pointer 812) and the refrigeration seal is broken, the cold air 813 is
pulled out the entire surface area of the door 811, as compared to the opening 801
in FIG. 8 where the air loss is limited to the object that breaks the plane of the air
flow. The cold air 813 that is pulled out of the refrigeration unit then immediately

creates a vacuum, which is filled with warm ambient air rushing in to fill the void.

[0057] Next, FIG. 9A shows the state of the art usage of a cold air curtain in a
typical vertically open refrigeration unit or display case (ORDC). The case includes
a product holding volume for holding one or more products and defines at least one
open face through which the product holding volume can be accessed. The case
may also hold a plurality of shelves, where the opening may then span the plurality

of shelves to define a multi-level product volume behind the open face.

[0058] Generally, in an open refrigeration unit or display 900, a cooling unit,
such as an evaporator, 901 is used to cool the air it receives and then distribute the
cooled air up the back plate or panel and across the opening of the refrigeration
unit. The cooled air may also diffuse through the back panel 902 to the interior of
the unit 900. Correspondingly, air 903 from the interior of the unit 900 may diffuse
through the back panel 902 without being properly received by the evaporator 901
and may be returned to the interior of the unit 900 via an air curtain inlet 904 at an

elevated temperature. As depicted in FIG. 10, one recent study (from Gaspar, et al.
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in Applied Thermal Engineering, 31 (2011) 961-969) has shown that as much as
75% of the energy consumption of an open refrigeration unit is caused by the cold
air leakage from the open space and the penetration of the warmer ambient air into
the refrigeration unit.

[0059] Accordingly, a better prevention of this loss will come from a better flow
design. As shown in FIG. 9B, single air curtain 905 and a faster moving waterfall
effect of air flow 906 jointly may be used to provide improved performance and
cooling loss at the front of a refrigeration unit 907. Either one or both of the air
curtain 905 and waterfall effect 906 may include a honeycomb structure for directing
flow of air. However, cool air from the interior may escape via diffusion through the
back panel 908. While many studies have been performed in this area, none
showed significant gain in energy efficiency to change the state of the art in a
disruptive fashion.

[0060] Accordingly, one embodiment of a new design for improved energy
efficiency utilizes induced jet actuators (e.g., plasma actuators, synthetic jet
actuators, etc.) for redirecting cold air by momentum induced by the induced jet
actuators near a back plate or panel of a refrigeration unit. FIG. 11 shows a
refrigeration unit 1100 having an evaporator 1101 that is used to cool the air it
receives and then distribute the cooled air up the back plate or panel 1102 and
across the opening of the refrigeration unit 1100 via an inner air curtain inlet 1103
(inner air curtain) and an optional outer air curtain inlet 1104 (outer air curtain).
Either one or both of the inlets 1103, 1104 may include a honeycomb structure for
directing flow of air in the air curtain(s). Further, the back panel 1102 is fitted with
induced jet actuator(s) P, and it is noted that the following solution is beneficial for

porous or non-porous types of back panels 1102.
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[0061] As a non-limiting example, the induced jet actuators may consist of
plasma actuators P and a narrow plasma tunnel may be created by the plasma
actuator(s) P inducing cold air recirculation (including air flow received through the
back panel, if applicable) and reducing cold flow leakage through the back panel
1102. Although the direction of the flow of air created by plasma actuators P (or
induced jet actuators, in general) is shown to be upwards in the figure, the flow of air
may also be in other directions, such as downwards, in certain embodiments.

[0062] Such a new configuration of actuators P in a plasma tunnel reduces heat
loss in open refrigeration units by locating them in the rear of the case/unit. This
saves the energy loss in the following manner. First, the flow leakage from the back
plate 1102 of the refrigeration unit 1100 is partially or fully eliminated. Second, the
cold air injected in the front is entrained in reducing hot air infiltration through the
open window of the refrigeration unit 1100. Advantages of the new plasma
augmentad ORDC include (1) nearly (60%) less energy consumption for the cooling
fan system due to reduced flow leakage, {2} bstter cooling management due to local
cold fluid recirculation and less warm air entrainment, and (3) fresher produce dus fo
pzonation {e.q., ozone is capable of being produced by plasma actuators P). One of
the advantages of this embodiment is that it can be implemented as a retrofit solution
to existing systems along with the other embodiments encompassing the front
openings of open case refrigeration units.

[0063] Embodiments of the present disclosure additionally include a method of
providing an airflow effect formed from induced jet actuator(s) for use with an open-
front refrigerated display case. The method includes providing an open-front
refrigerated display case configured to refrigerate or chill products contained within

an interior volume of the display case and providing a first flow path that creates a
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layer of air across an open front of the case comprising bursts of fast moving air
formed from one or more induced jet actuators. The method may also include
providing a second flow path within a rear of the open-front refrigerated display case
that circulates a layer of air across the rear of the case comprising bursts of fast
moving air formed from one or more induced jet actuators.

[0064] Many variations and modifications may be made to the above-described
embodiment(s) without departing substantially from the spirit and principles of the
present disclosure. As a non-limiting example, induced jet actuators may be
positioned at or near a back of a refrigeration unit (e.g., induced jet actuators P) in
addition with induced jet actuator(s) 1201 and optional fairing(s) 1202 positioned at
or near a front of the refrigeration unit, as shown in FIG. 12. As stated with FIG. 11,
the induced jet actuators create a narrow plasma tunnel inducing cold air
recirculation (including air flow received through the back panel, if applicable) and
reducing cold flow leakage through the back panel 1102. Although the direction of
the flow of air created by plasma actuators P (or induced jet actuators, in general) is
shown to be upwards in the figure, the flow of air may also be in other directions,
such as downwards, in certain embodiments.

[0065] Next, FIG. 13 shows an illustrative state of the art refrigeration unit 1300
with embodiments of the induced jet actuator units 1301, P integrated into the
refrigeration unit. Accordingly, the induced jet actuator units 1301, P may be
included as part of a newly manufactured open case refrigeration unit 1300. As a
system with induced jet actuators integrated into the system, various other design
elements may also be included. For example, a state of the art air curtain using a
honeycomb filter is shown by pointer 1103, where the air flow from the air curtain is

contained using the induced jet actuator 1301 of the present disclosure. The air is
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then captured at the bottom of the unit (as indicated by pointer 1304 ), where the cold
air is recycled thorough the unit where it is chilled by a cooling unit 1101.

[0066] In certain embodiments, induced jet actuators 1306 are installed in lieu of
inefficient fans which are currently state of the art (as indicated by pointer 1305). For
maintenance and replacement of consumable parts, such as induced jet actuators in
cartridge form, a door 306 has been added as an easy access point in the front of
the unit in some embodiments. To manage the ozone, filters 1303 may be used.
Thus, door access panel 1302 is provided, in some embodiments, for easy access to
the ozone filters 1303 (and air flow equipment) without requiring the refrigeration unit
1300 to be moved. Alternatively to using filters, catalysts (not shown) or other ozone
management devices may be used in or along the unit's air flow areas for ozone
management. Such a system could generate substantial savings for end users of
open case refrigeration units by efficiently recycling the cold air (as indicated by
pointer 1307) and reducing the power use of the refrigeration unit 1300. Further, the
ease of integration of induced jet actuator units of the present disclosure could
fundamentally change the performance expectations of these units worldwide saving
energy on a global scale.

[0067] It should be emphasized that the above-described embodiments of the
present disclosure are merely possible examples of implementations, merely set
forth for a clear understanding of the principles of the disclosure. Many variations
and modifications may be made to the above-described embodiment(s) without
departing substantially from the spirit and principles of the present disclosure. All
such modifications and variations are intended to be included herein within the scope

of this disclosure and protected by the following claims.
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CLAIMS

Therefore, at least the following is claimed:

1. An open refrigeration apparatus, comprising:

a case that includes a product holding volume for holding one or more
products and defines at least one open face through which the product holding
volume can be accessed,

a cooling unit to cool the product holding volume in the case, and

a first induced jet actuator unit having one or more air outflow vents
positioned with respect to the case to create a flow of air from the air outflow vents
at least generally parallel to the open face to separate the product holding volume

from an ambient volume outside of the case.

2. The apparatus of claim 1, wherein the first induced jet actuator unit is
operative to cause a succession of bursts of air to form the flow of air from the air

outflow vents.

3. The apparatus of claim 1, wherein the first induced jet actuator unit
comprises one or more plasma actuators that operate to produce the flow of air

independently of any mechanically linked moving parts.

4, The apparatus of claim 1, wherein the first induced jet actuator unit

operates to produce the flow of air by deformation of a plurality of pumping

elements.
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5. The apparatus of claim 1, wherein the first induced jet actuator unit

comprises one or more synthetic jet actuators.

6. The apparatus of claim 1, wherein the first induced jet actuator unit
includes a plurality of linear induced jet actuators housed in a linear induced jet

actuator housing that further includes a mounting mechanism.

7. The apparatus of claim 1, wherein the case holds a plurality of
shelves and wherein the opening spans the plurality of shelves to define a multi-

level product volume behind the open face.

8. The apparatus of claim 1, wherein the open refrigeration apparatus
further includes an air curtain unit to produce an air curtain located between the
product holding volume and the flow of air from the first induced jet actuator unit
and wherein the air curtain operates at an air speed that is lower than an air speed

of the flow of air from the jet actuator.

9. The apparatus of claim 1, wherein the induced jet actuators in the first
induced jet actuator unit are sized to create the flow of air which is sufficient to
reduce energy losses through the open face by an amount that exceeds a total

power requirement for the first induced jet actuator unit.

10.  The apparatus of claim 1, wherein the first induced jet actuator unit is

formed integrally with the case.
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11.  The apparatus of claim 1, further comprising a second induced jet
actuator unit having one or more air outflow vents located at a rear of the case for
circulating air from throughout an interior of the case and prohibiting the air from

traveling from the interior through a back panel of the case.

12. The apparatus of claim 11, wherein the second induced jet actuator

unit is operative to fully eliminate flow leakage through the back panel.

13.  The apparatus of claim 11, wherein the second induced jet actuator

unit is operative to partially eliminate flow leakage through the back panel.

14.  The apparatus of claim 11, wherein the second induced jet actuator

unit is formed integrally with the case.

15. The apparatus of claim 11, further comprising a third induced jet
actuator unit that aids in recirculation of air through a channel within the case, the
case further including a door access panel allowing access to the third induced jet

actuator unit.

16.  The apparatus of claim 15, further comprising an additional door panel

that allows access to an ozone management device location within the case.
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17.  The apparatus of claim 16, further comprising the ozone management
device, wherein the ozone management device comprises an ozone filter or ozone

catalyst device.

18.  The apparatus of claim 1, wherein the first induced jet actuator unit
comprises one or more individual induced actuators housed in replaceable

cartridges.

19.  An open refrigeration unit upgrade kit, comprising:
one or more induced jet actuator units that each include one or more induced
jet actuators housed in an induced jet actuator housing and having one or more air
outflow vents; and
a field-operable customizable mounting mechanism on the induced jet
actuator unit constructed and adapted to be mounted with respect to an open face
of an open refrigeration unit through which products can be accessed and to create

a flow of air from the air outflow vents at least generally parallel to the open face.

20. The open refrigeration unit upgrade kit of claim 19, wherein the one or
more induced jet actuators in the induced jet actuator units are sized and set to
create the flow of air which is sufficient to reduce energy losses through the open
face by an amount that exceeds a total power requirement for the one or more

induced jet actuator units.
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21. The open refrigeration unit upgrade kit of claim 19, further comprising
a field-operable customizable mounting mechanism on the induced jet actuator unit
constructed and adapted to be mounted with respect to a back panel of the open
refrigeration unit to create a flow of air from the one or more air outflow vents at

least generally parallel to the back panel.

22. The open refrigeration unit upgrade kit of claim 19, wherein the one or
more induced jet actuators comprise a plurality of plasma actuators that operate to

produce the flow of air independently of any mechanically linked moving parts.

23. The open refrigeration unit upgrade kit of claim 19, wherein the one or

more induced jet actuators comprise a plurality of synthetic jet actuators.

24. An open refrigeration unit upgrade method for an open refrigeration
unit, comprising:

positioning a first induced jet actuator unit having an air intake vent and one
or more air outflow vents so that the first induced jet actuator unit is positioned with
respect to the open refrigeration unit to create a flow of air from the one or more air
outflow vents at least generally parallel to an open face of the open refrigeration
unit; and

attaching the positioned first induced jet actuator unit to the open
refrigeration unit using a field-operable mounting mechanism for the first induced jet

actuator unit.
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25. The method of claim 24, wherein the flow of air created by the first
induced jet actuator moves upwards with respect to a positioning of the first

induced jet actuator on the refrigeration unit.

26. The method of claim 24, wherein the flow of air created by the first
induced jet actuator moves downwards with respect to a positioning of the first

induced jet actuator on the refrigeration unit.

27. The method of claim 24, wherein the first induced jet actuator unit is
positioned between an air curtain of moving air that is slower than the flow of air
created by the first induced jet actuator unit and ambient air external to the open

refrigeration unit.

28.  The method of claim 24, further comprising:

positioning a second induced jet actuator unit having an air intake vent and
one or more air outflow vents so that the second induced jet actuator unit is
positioned with respect to the open refrigeration unit to create a flow of air from the
one or more air outflow vents at least generally parallel to a back panel of the open
refrigeration unit; and

attaching the positioned second induced jet actuator unit to the back panel of
the open refrigeration unit using a field-operable customizable mounting

mechanism for the second induced jet actuator unit.
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29. The method of claim 28, wherein the flow of air created by the second
induced jet actuator moves upwards with respect to a positioning of the second

induced jet actuator on the refrigeration unit.

30. The method of claim 28, wherein the flow of air created by the second
induced jet actuator moves downwards with respect to a positioning of the second

induced jet actuator on the refrigeration unit.

31.  The method of claim 28, wherein the second induced jet actuator unit

is operative to fully eliminate flow leakage from the back panel.

32.  The method of claim 24, further comprising:

positioning a third induced jet actuator unit having an air intake vent and one
or more air outflow vents so that the third induced jet actuator unit is positioned with
respect to the open refrigeration unit to create a flow of air from the one or more air
outflow vents at least generally parallel to a side panel of the open refrigeration unit
that is adjacent to the back panel and front opening; and

attaching the positioned third induced jet actuator unit to the side panel of
the open refrigeration unit using a field-operable customizable mounting

mechanism for the third induced jet actuator unit.
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