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this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).
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as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
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Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
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Heat Exchanger for an Electronic Display

Inventors: William Dunn, Tim Hubbard

Cross-Reference to Related Applications

[0001] This application is a provisional patent application and does not claim priority

to any co-pending applications.

Technical Field

[0002] This invention generally relates to cooling systems and in particular to cooling

systems for electronic displays.

Background of the Art

[0003] Conductive and convective heat transfer systems for electronic displays are
known. These systems of the past generally attempt to remove heat from the electronic
components in a display through as many sidewalls of the display as possible. In order
to do this, the systems of the past have relied primarily on fans for moving air past the
components to be cooled and out of the display. In some cases, the heated air is
moved into convectively thermal communication with fins. Some of the past systems
also utilize conductive heat transfer from heat producing components directly to heat
conductive housings for the electronics. In these cases, the housings have a large
surface area, which is in convective communication with ambient air outside the
housings. Thus, heat is transferred convectively or conductively to the housing and is

then transferred into the ambient air from the housing by natural convection.
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[0004] While such heat transfer systems have enjoyed a measure of success in the

past, improvements to displays require even greater cooling capabilities.

Summary of the Exemplary Embodiments

[0005] In particular, cooling devices for electronic displays of the past have generally
used convective heat dissipation systems that function to cool the interior of the display
by one or more fans and fins, for example. By itself, this is not adequate in many
climates, especially when radiative heat transfer from the sun through a display window
becomes a major factor. In many applications and locations 200 Watts or more of
power through such a display window is common. Furthermore, the market is
demanding larger screen sizes for displays. With increased electronic display screen
size and corresponding display window size more heat will be generated and more heat
will be transmitted into the displays.

[0006] A large fluctuation in temperature is common in the devices of the past. Such
temperature fluctuation adversely affects the electronic components in these devices.
Whereas the systems of the past attempted to remove heat only through the non-
display sides and rear components of the enclosure surrounding the electronic display
components, a preferred embodiment causes convective heat transfer from the face of
the display as well. By the aspects described below, the present invention has made
consistent cooling possible for electronic displays having screens of sizes greater than
or equal to twelve inches. For example, cooling of a 70 inch screen can be achieved,
even in extremely hot climates. Greater cooling capabilities are provided by the device

and method described and shown in more detail below.
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[0007] Exemplary embodiments may comprise two separate flow paths for gas
through an electronic display. A first flow path is a closed loop and a second flow path
is an open loop. The closed loop path travels across the front display surface,
continues to the rear of the display, and then returns back to the front display surface.
The open loop path draws air from the display’s surroundings and forces it through the
rear of the display and then exhausts it out of the display housing. Optionally, the open
loop may also force air behind a backlight assembly, in order to cool the backlight
assembly. Each loop passes through a heat exchanger at the rear of the display in
order to transfer heat from the closed loop gas to the open loop gas.

[0008] The foregoing and other features and advantages of the exemplary
embodiments will be apparent from the following more detailed description of the

particular embodiments of the invention, as illustrated in the accompanying drawings.

Brief Description of the Drawings

[0009] A better understanding of an exemplary embodiment will be obtained from a
reading of the following detailed description and the accompanying drawings wherein
identical reference characters refer to identical parts and in which:

[0010] FIGURE 1 is a perspective view of an embodiment where the rear cover of the
display has been removed.

[0011] FIGURE 2A is a cross-sectional view of an exemplary embodiment using only
three fan assemblies and where the rear and side covers are shown assembled.

[0012] FIGURE 2B is the cross-sectional view shown in Figure 2A where the rear and

side covers have been removed.
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Detailed Description

[0013] Embodiments provide an exemplary cooling system for an electronic display as
well as methods for cooling the electronic display. Exemplary embodiments provide a
heat exchanger for extracting heat from the front display surface as well as a plurality of
electronic components.

[0014] FIGURE 1 shows the rear of an exemplary electronic display 100, where the
rear cover for the display housing is removed in order to show the internal components.
The fan assemblies 102 and 103 for the closed loop are shown along two opposing
edges of the heat exchanger 101. Preferably, fan assembly 102 is the inlet for the heat
exchanger and fan assembly 103 is the exit for the heat exchanger 101. These
assemblies can optionally be reversed however, where fan assembly 103 is the inlet
and fan assembly 102 is the exit.

[0015] Fan assemblies 104 and 105 for the open loop are shown along two edges of
the display housing. Preferably, fan assembly 104 is the inlet for the open loop and fan
assembly 105 is the exhaust for the open loop. Again however, these assemblies can
be reversed. Preferably, the inlet is near the bottom of the display housing and the
exhaust is near the top. The display shown in Figure 1 is not in a preferable orientation.
With the given orientation of the fan assemblies and heat exchangers, the display in
Figure 1 would preferably be oriented in a ‘portrait’ manner (rather than the ‘landscape’
manner shown in the figure) with the inlet for the open loop near the bottom of the

display housing and the exhaust near the top.
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[0016] The gas which is being forced by the closed loop fan assemblies is primarily
circulating around the display. For example, the gas travels in a circle where it contacts
the front display surface (see Figures 2A-2B) and transfers heat from the front display
surface to the gas. The closed loop gas is then preferably forced into the heat
exchanger 101 in order to cool the closed loop gas. Afterwards, the closed loop gas
exits the heat exchanger 101 and may optionally travel across several electronic
components 110 before returning to the front display surface. The electronic
components 110 may be any components or assemblies used to operate the display
including, but not limited to: transformers, circuit boards, resistors, capacitors, batteries,
power transformers and modules, motors, illumination devices, wiring and wiring
harnesses, lights, thermo-electric devices, and switches. As mentioned above, in
another embodiment the closed loop gas may travel across the electronic components
110 prior to entering the heat exchanger 101. In this manner, the closed loop gas may
be used to cool both the front surface of the display as well as any electronic
components within the display.

[0017] In order to cool the gas which travels through the closed loop, gas is
ingested into the display housing through open loop inlet fan assembly 104. The gas
which is ingested may simply be ambient air which is surrounding the display.
Alternatively, this gas may be air conditioned prior to being drawn into the display by
one or more air conditioning assemblies (not shown). Once the open loop gas is
ingested into the display, it is forced through the heat exchanger 101 and optionally also
across the rear surface of the backlight assembly (see Figures 2A-2B). By using the

heat exchanger 101, heat is transferred from the closed loop gas coming from the front
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of the display to the open loop gas. The open loop gas is then expelled out of the
display housing by open loop exhaust fan assembly 105.

[0018] In a preferred embodiment, the heat exchanger 101 would be comprised of a
plurality of stacked layers of thin plates. The plates may have a corrugated design,
where a plurality of channels travel down the plate length-wise. The plates may be
stacked such that the channels travel in the same direction. In between each set of
plates may be an open gap which travels in a direction which is perpendicular to the
channels of the plate. This open gap may be created by running two sections of very
high bond (VHB) tape between two opposite edges of the plates. An exemplary heat
exchanger may have plates which are approximately 4mm thick with 0.008 inch side
walls and gaps between the plates which are approximately 4.4mm. An exemplary heat
exchanger may have a total thickness of approximately 80mm. A plurality of materials
can be used to create the heat exchanger. Preferably, the material used should be
corrosion resistant, rot resistant, light weight, and inexpensive. An exemplary
embodiment would utilize polypropylene as the material for constructing the plates for
the heat exchanger. It has been found that although polypropylene may seem like a
poor thermal conductor, the large amount of surface area (approx. tens of square feet)
relative to the material thickness (approx. 0.008 inches) results in an overall thermal
resistance that is very low.

[0019] It should be noted, that both inlet and exit fan assemblies are not required for
some embodiments. Alternatively, only a single fan assembly may be used for each
loop. Thus, only an inlet fan assembly may be used with the closed loop and only an

exhaust fan assembly may be used with the open loop. Alternatively, one of the loops
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may have both inlet and exit fan assemblies while the other loop only has either an inlet
or exit assembly.

[0020] The gas used in both assemblies can be any number of gaseous matters. In
some embodiments, air may be used as the gas for both loops. Preferably, the gas
which travels through the closed loop should be substantially clear, so that when it
passes in front of the display surface it will not affect the appearance of the display
image. The gas which travels through the closed loop should also be substantially free
of contaminates (ex. dust and dirt) in order to prevent an adverse effect on the image
quality. It would also be preferable to keep the gas within the open loop from having
contaminates. An optional filter (not shown) may be used to ensure that the air (either
in the closed or open loop) stays free of contaminates.

[0021] It is to be understood that the spirit and scope of the disclosed embodiments
includes cooling of displays including, but not limited to LCDs. By way of example and
not by way of limitation, embodiments may be used in conjunction with displays
selected from among LCD, light emitting diode (LED), organic light emitting diode
(OLED), field emitting display (FED), and plasma displays. Furthermore, embodiments
may be used with displays of other types including those not yet discovered. While the
embodiments described herein are well suited for outdoor environments, they may also
be appropriate for indoor applications (e.g., factory environments) where thermal
stability of the display may be at risk.

[0022] FIGURE 2A shows a cross-section of another embodiment of a display 200. In
this figure, the rear cover 250 and side covers 251 and 252 are shown to illustrate the

sealing of the overall display 200. The display assembly 220 is shown near the front of
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the display 200. As discussed above, the display assembly 220 may comprise any
form of assembly for generating an image, including but not limited to: LCD, light
emitting diode (LED), organic light emitting diode (OLED), field emitting displays (FED),
and plasma displays. The front display surface 221 is placed in front of the display
assembly 220, defining a gap through which gas for the closed loop may flow. The
front display surface 221 may be glass or plastic, and may comprise several layers for
polarizing light, reducing glare or reflections, and protect the internal display
components. The front display surface may be a durable display panel as disclosed in
co-pending U.S. Application No. 12/330041 filed on December 8, 2008, herein
incorporated by reference in its entirety.

[0023] The embodiment may have a backlight assembly 222 which may be required
to produce a viewable image (depending on the type of display assembly 220 being
utilized). Some backlights may use cold cathode fluorescent lamps (CCFLs) to produce
the illumination necessary for generating an image. In an exemplary embodiment, the
backlight assembly 222 would comprise a printed circuit board (PCB) with a plurality of
LEDs (light emitting diodes) on the front surface. An exemplary embodiment would
have a low level of thermal resistance between the front surface of the backlight
assembly 222 and the rear surface 223 of the backlight. A metal PCB may be used for
this purpose. The rear surface 223 of the backlight may contain a thermally conductive
material, such as a metal. Aluminum may be an exemplary material for the rear surface
223. A second surface 224 may be placed in close proximity behind the rear surface
223 of the backlight assembly 222. The space between the rear surface 223 of the

backlight and the second surface 224 may define a gap through which gas for the open
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loop may travel through in order to cool the backlight assembly 222. The rear surface
223, second surface 224, and accompanying fans may be arranged in a manner similar
to the constricted convection system disclosed in co-pending U.S. Application No.
61/039454 filed on March 26, 2008, herein incorporated by reference in its entirety.
[0024] FIGURE 2B shows the same cross section from Figure 2A with the rear cover
250 and side covers 251 and 252 removed for explanatory purposes. The heat
exchanger 201 may be attached to two fan assemblies 202 and 203. The closed loop
fan assembly 202 is used to propel the closed loop gas around the closed loop (shown
by the red arrows 210). The open loop fan assembly 203 is used to draw open loop
gas 211 through the heat exchanger 201. Optionally, a third fan assembly 204 may be
used to draw open loop gas 212 through the gap between the rear surface 223 of the
backlight and the second surface 224. The third fan assembly 204 can also be used to
exhaust open loop gas which has traveled through the heat exchanger 201 and through
the gap between the rear surface 223 of the backlight and the second surface 224. If a
third fan assembly 204 is not used, the open loop fan assembly 203 may be used to
exhaust the open loop gas 211 that has traveled through the heat exchanger 201.
[0025] It should be noted that it is preferable that the gas from the open loop does not
mix with the gas from the closed loop. As discussed above, it is important to the image
quality that the gas for the closed loop remains free of particulate and contaminates as
this gas travels in front of the display surface. Since gas for the open loop may be
simply ambient air, this gas may contain various contaminates such as dust, dirt, and
other forms of particulate which can become airborne. Thus, a preferable embodiment

should be adequately sealed to prevent the gas from the two loops from mixing. The
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heat exchanger should be adequately sealed so that the two gases do not mix. Further,
if open loop gas is being used to cool the backlight assembly, the surrounding surfaces
should also be adequately sealed so that contaminate from the open loop does not
enter into the other portions of the display. As also discussed above, filters (either
removable or permanent) may be used to minimize the effect of particulate for both the
open and closed loops.

[0026] Having shown and described preferred embodiments, those skilled in the art
will realize that many variations and modifications may be made to affect the described
invention and still be within the scope of the claimed invention. Additionally, many of
the elements indicated above may be altered or replaced by different elements which
will provide the same result and fall within the spirit of the claimed invention. It is the

intention, therefore, to limit the invention only as indicated by the scope of the claims.
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CLAIMS

1. A cooling system for an electronic display as shown and described above.

11
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Filing Date:

Title of Invention:

Heat Exchanger for an Electronic Display

First Named Inventor/Applicant Name:

William DUNN

Filer:

Tyler Steven Dunham/Emily Shultz

Attorney Docket Number:

MAN2241-045

Filed as Large Entity

Provisional Filing Fees

Description Fee Code Quantity Amount Sull:;-s'l's(tsa)l in
Basic Filing:
Provisional application filing 1005 1 220 220
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
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o . Sub-Total in
Description Fee Code Quantity Amount USD($)
Miscellaneous:
Total in USD ($) 220
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Electronic Acknowledgement Receipt

EFS ID: 4479532
Application Number: 61138736
International Application Number:
Confirmation Number: 5369

Title of Invention:

Heat Exchanger for an Electronic Display

First Named Inventor/Applicant Name:

William DUNN

Customer Number:

08698

Filer:

Tyler Steven Dunham/Emily Shultz

Filer Authorized By:

Tyler Steven Dunham

Attorney Docket Number: MAN2241-045
Receipt Date: 18-DEC-2008
Filing Date:
Time Stamp: 16:08:45
Application Type: Provisional
Payment information:
Submitted with Payment yes

Payment Type Deposit Account
Payment was successfully received in RAM $220
RAM confirmation Number 1743
Deposit Account 194076
Authorized User
File Listing:
Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part /.zip| (if appl.)
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1000279
1 Provisional Cover Sheet (SB16) ProvisionalSB.pdf no 3
23a21d7ad4cd53e8a9debb9705836f3d 757
fac38
Warnings:
Information:
. . 50097
5 Provisional_ApplicationMAN22 o 11
41-045.pdf 4
22232bebac6f84faeeel963475020d6cd el
437a
Multipart Description/PDF files in .zip description
Document Description Start End
Specification 1 10
Claims 1 11
Warnings:
Information:
2246091
Drawings-only black and white line " .
3 . Provisional_Figures.pdf no 7
drawings
15e2d800874cd8ca8ca3beecfdc46699d6|
9bad8
Warnings:
Information:
29124
4 Fee Worksheet (PTO-06) fee-info.pdf no 2
7f01928d3c1f41d57664d068ebbele01d74]
Warnings:
Information:
Total Files Size (in bytes):l 3325591

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similarto a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application asa
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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