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DESCRIPTION 

APPARATUS FOR COOLING HEAT GENERATING SPOT OF ELECTRONIC 

DEVICE, COOLING METHOD THEREFOR, AND LIQUID CRYSTAL 

5 PROJECTOR APPARATUS 

TECHNICAL FIELD 

The present invention relates to an apparatus for cooling a heat 

generating spot (area) of an electronic device, a cooling method therefor, and a 

10 liquid crystal projector apparatus, and more particularly, to an apparatus for 

cooling a heat generating spot (area) of an electronic device, with two cooling 

units which feed air streams that collide with each other on a cooling plane, a 

cooling method therefor, and a liquid-crystal projector apparatus which includes 

the apparatus for cooling a heat generating spot of an electronic device. 

15 BACKGROUND ART 

Apparatuses for cooling heat generating spots of electronic devices 

have been used in a variety of forms, and cooling apparatuses which rely on air 

for cooling have been developed in a variety of configurations for purposes of 

simplifying the configuration. A plurality of forced air cooling type cooling 

20 apparatuses are provided in projector apparatuses which are projection display 

devices currently widely used for business and home applications. 

A projection display device projects an image generated on an image 

display element of an image display onto a screen under magnification. Among 

such projection display devices, a liquid crystal projector apparatus which 

25 employs liquid crystal panels for image display elements displays an image on a 

screen in the following configuration and operation. 
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White light from a light source is reflected by a reflector, and is 

polarized or converted by PBS (Polarization-Beam Splitter) for separation into 

respective color light of red, green, and blue (R/G/B). Each separated color light 

is directed into each liquid crystal panel corresponding thereto, and optically 

5 modulated by the liquid crystal panel in accordance with a video signal. Each 

optically modulated color light is combined by a cross dichroic prism and 

projected onto a screen through a projection optical system. 

In this event, a liquid crystal panel which operates in a TN (Twisted 

Nematic) mode can treat only a particular linearly polarized component, so that 

10 each color light is coordinated in a predetermined polarization direction (for 

example, S-polarization) by a polarizing plate before it impinges on the liquid 

crystal panel, and then optically modulated by the liquid crystal panel. 

Subsequently, an S-polarized component is cut by a polarizing plate on the exit 

side of the liquid crystal panel to extract a P-polarized component alone. 

15 In this way, within a liquid crystal unit which includes an incident-side 

polarizing plate, a liquid crystal panel, and an exit-side polarizing plate, the 

incident-side polarizing plate and exit-side polarizing plate disposed before 

(upstream) and after (downstream) the liquid crystal panel along the optical axis 

each have functions of passing only polarized light in one axial direction and 

20 blocking other polarized light, and therefore generate heat during their 

operations due to light absorption. Also, the liquid crystal panel internally 

generates heat during its operations in the same manner because part of the 

transmitted light is blocked by a black matrix disposed on boundaries of 

respective pixels. 

25 Organic materials are often used for these liquid crystal panels and 

polarizing plates, so that if they are irradiated with light at short wavelengths or 
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are exposed to high temperatures for a long time, their functions will be largely 

compromised by damaged alignment films of the liquid crystal panels, lower 

polarization selection characteristics of the polarizing plates, and the like. 

Accordingly, countermeasures to heat radiation, such as forced air cooling, are 

5 required for these components of the liquid crystal unit. 

A specially configured cooling apparatus is required for efficiently 

cooling a plurality of heat generating spots of a plurality of components in an 

electronic device, each of which has surfaces that oppose each other with a 

spacing defined therebetween, and includes heat generating spots on the 

10 surfaces opposite to each other. 

Fig. 1 (a) and 1 (b) are schematic diagrams of the configuration of a 

liquid crystal projector apparatus of a background related art, where Fig.1 (a) 

generally illustrates the appearance of the general liquid crystal projector 

apparatus, and Fig. 1 (b) illustrates the internal structure of the liquid crystal 

15 projector apparatus. Fig. 2 in turn is a schematic diagram of the internal 

configuration of the liquid crystal projector apparatus. 

As mainly illustrated in Fig. 2, liquid crystal projector apparatus 1 

includes cooling fan 3 for forcedly cooling liquid crystal unit 2, and cooling air 

duct 4, both of which are mounted in the housing of liquid crystal projector 

20 apparatus 1. In addition, lamp cooling fan 7 for cooling light source 5, power 

supply unit 10 and the like, exhaustfan 9 for exhausting the housing, and the 

like are provided as required. 

Here, a general method of cooling liquid crystal unit 2 of liquid crystal 

projector apparatus 1 will be described with reference to Figs. 3A and 3B. Figs. 

25 3A and 38 are schematic diagrams illustrating the configuration of a cooling unit 

for cooling the liquid crystal unit in the liquid crystal projector apparatus, where 
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Fig. 3A is an exploded perspective view, and Fig. 3B is a schematic 

cross-sectional view for describing a forced air cooling operation. 

In Fig. 3B, liquid crystal unit 2 including incident-side polarizing plate 

12, liquid crystal panel 13, and exit-side polarizing plate 14 is provided for each 

5 color light (R/G/8), and air cooling device 15 including cooling fan 3 and cooling 

air duct 4 is disposed therebelow. 

During the operation of air cooling device 15, air 16 from cooling fan 3 

is fed into spaces among incident-side polarizing plate 12, liquid crystal panel 13, 

exit-side polarizing plate 14, which include each liquid crystal unit 2, from the 

10 lower end of liquid crystal unit 2 through discharge port 17 provided in cooling 

air duct 14 to perform forced air cooling. 

In recent years, a reduction in size and an increase in luminance have 

been increasingly requested for liquid crystal projector apparatuses in 

accordance with their versatile usages. To respond to such requests, an 

15 increase in lamp power and a reduction in size of display device are now under 

progress, resulting in an increase in flux density of light incident on the liquid 

crystal unit, and a continuous increase in heat load on each component which 

forms part of liquid crystal unit 2. 

For example, in a liquid crystal projector apparatus (1.0"-XGA) of 

20 2000-lm class, a total amount of heat generated by liquid crystal units is 

approximately 15 W, while heat flux of an exit-side polarizing plate is 

approximately 0.6 W/cm2
. However, with a 5000-lm class, a total amount of heat 

generated by liquid crystal units amounts to 35 W or more, while heat flux of an 

exit-side polarizing plate amounts to 1.4 W/cm2 or more. 

25 Generally, when forced air cooling is used for cooling liquid crystal 

units, the amount of air fed by a fan is increased to enhance the air velocity 
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around a heat generating spot to improve the heat transfer coefficient and heat 

radiation capabilities, thereby accommodating ever increasing heat loads. 

However, as the amount of fed air is increased by increasing the 

rotational speed of the fan, operation noise will increase. On the other hand, as 

5 the amount of fed air is increased by employing a fan of larger size, this 

mitigates reducing the size of the apparatus. 

On the other hand, requests have been gradually increased for longer 

lifetime of liquid crystal projector apparatus for reducing environmental loads 

and running cost. Apart from lamps, a factor which dominates the lifetime of the 

10 liquid crystal projector apparatus is mainly the lifetime due to degraded optical 

characteristics in the liquid crystal units. Accordingly, the lifetime can be 

increased by reducing the operating temperature of the liquid crystal units 

through improvements on the cooling performance. 

However, in a laminar flow region, the average heat transfer coefficient 

15 of forced convection is proportional to the square root of the air velocity, while 

the operating temperature of the panel is reciprocally proportional to the square 

root of the air velocity. Thus, a reduction in the operating temperature of the 

panel to some extent will result in a lower sensitivity of a change in panel 

temperature to a change in air velocity. 

20 Fig. 4 is a graph showing the relationship between a panel cooling air 

velocity and the panel operating temperature in 0.8"-SXGA (5000-lm class, 25°c 

environment). For reducing the panel operating temperature from 70°C to 60°C 

(£\ T=-10°C), the air velocity may be simply increased from 4.5 mis to 8 mis (.6 

V=+3.5 m/s), whereas for reducing from 60°C to 50°C ( £\ T=-10°C), the air 

25 velocity must be increased from 8 mis to 18 mis(£\ V=+10 mis), as can be seen 

from the graph. 

5 



SEC et al. v. MRI 
SEC Exhibit 1031.0756 

IPR2023-00254 

WO 2008/050660 PCT /JP2007 /070297 

In this way, when forced air cooling is relied on to further reduce the 

panel operating temperature for prolonging the lifetime, the cooling air velocity is 

excessively required as the target temperature is lower. Accordingly, the fan 

operation noise can further increase, or the apparatus can be increased in size, 

5 as described above, and in some cases, the limit of cooling capabilities (air 

cooling limit) can be exceeded, so that the development of a highly efficient 

liquid crystal unit cooling system is an urgent necessity. 

Further, in regard to the liquid crystal panel, another requirement exists 

for cooling from a viewpoint of image quality. Specifically, since the optical 

10 modulation effect to an input signal highly depends on the temperature in the 

optical modulation of the liquid crystal panel, thermal gradient on the panel 

plane cause variations in luminance and color, resulting in a degraded quality of 

projected images. For this reason, in cooling the liquid crystal panel, a cooling 

method is desired to minimize a temperature gradient and temperature 

15 variations which occur on the surface of the panel in operation. 

Fig. 5 is a schematic side view illustrating a first related art example of 

liquid crystal unit cooling, as disclosed in Patent Document 1 (JP-11-295814A). 

Specifically, an apparatus for improving a liquid crystal panel cooling efficiency 

is provided with the aid of air directing plate 39 disposed below cross dichroic 

20 prism 35 to optimize the direction of air fed from cooling fan 3. 

Fig. 6 is a schematic perspective view illustrating a second related art 

example of liquid crystal unit cooling, as disclosed in Patent Document 2 

(JP-2001-318361A). Specifically, an apparatus for improving a cooling 

efficiency is provided with protrusion 41 for guiding cooling air to liquid crystal 

25 holding frame 40 to restrain interstices of air fed from duct discharge port 42. 
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Fig. 7 is a schematic cross-sectional view illustrating a third related art 

example of liquid crystal unit cooling, as disclosed in Patent Document 3 

(JP-2004-61894A). Specifically, an apparatus is provided for adjusting a cooling 

air velocity by changing air passage widths (X and Yin the figure) between 

5 liquid crystal panel 13 and polarizing plate 14 with the provision of cutout 43 in 

an air passage of liquid crystal panel holding frame 40. 

Figs. 8A and 88 are schematic diagrams illustrating a first example of a 

fourth related art example of liquid crystal unit cooling, where Fig. 8A is a top 

plan view, and Fig. 8B is a lateral sectional view. Figs. 9A and 9B are schematic 

10 diagrams illustrating a second example of the fourth related art example of liquid 

crystal unit cooling, where Fig. 9A is a top plan view, and Fig. 98 is a lateral 

sectional view. This fourth related art example is disclosed in Patent Document 

4 (JP-2000-124649A). 

In Figs. 8A and 88, air leading plate 44 having a Li-shaped groove form 

15 is connected (positioned) between liquid crystal panel 13 and polarizing plate 12, 

for turning the direction of cooling air blown up from below on the exit side of 

liquid crystal panel 13 by the U-shaped groove at the upper end by 180° to feed 

the air from above to below on incident polarizing plate 12, thereby eliminating 

thermal gradient which occur on the panel surface. 

20 

25 

On the other hand, in Figs. 9A and 98, an apparatus is disclosed for 

eliminating thermal gradient on a panel plane with the provision of a pair of 

cooling fans 3a, 3b above and below liquid crystal panel 13, with the liquid 

crystal panel interposed therebetween, to feed an air stream from below to 

above on the exit side and from above to below on t~e incident side. 

Fig. 10 is a schematic lateral sectional view illustrating a fifth related art 

example of liquid crystal unit cooling. This fifth related art example is disclosed 
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in Patent Document 5 (JP-2001-209126A) which discloses an apparatus which 

includes a liquid crystal panel cooling unit in a closed internal circulation 

structure with the use of circulation duct 45, where first cooling fan 3a air-cools a 

liquid crystal unit, exhaust air heated by received heat is transferred to external 

5 air circulation duct 46 shield by circulation duct 45 through a heat sink or the like 

(not shown, provided on the boundary of circulation duct 45 and air circulation 

duct 46 in the figure), and the heat of the heat sink is radiated by second cooling 

fan 3b which is provided outside. 

10 DISCLOSURE OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

As described above, when an attempt is made to increase the air 

velocity of the fan to improve the cooling performance in the cooling of the liquid 

crystal unit, this will lead to increased fan operation noise and mounl\ng volume. 

15 Further, when the liquid crystal unit is desirably cooled to about room 

temperature to prolong its lifetime, this can be hampered by the air cooling limit 

(the temperature is not reduced even if the air velocity is increased). 

Patent Document 1 (first related art example) discloses a structure 

which includes an air directing plate below a cross dichroic prism for adjusting 

20 the direction of cooling air fed to a liquid crystal panel to improve the efficiency 

of cooling the liquid crystal panel. However, even if an increased amount of air is 

fed to impinge the panel exit side by optimizing the angle at which the air is fed 

to the liquid crystal panel, a reduced air stream is fed to the exit-side polarizing 

plate positioned on the opposite surface thereof on the contrary, thereby 

25 resulting in a lower efficiency of cooling the exit-side polarizing plate. 
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Patent Document 2 (second related art example) discloses an 

apparatus which includes a protrusion in a liquid crystal panel holding frame for 

limiting interstices of fed air stream to efficiently guiding the air stream fed 

through the duct to the liquid crystal panel without waste. However, since the 

5 restraint of leaking air by the protrusion partially causes a reduction in air 

velocity due to an increased air resistance, and a rise in panel temperature due 

to stagnation of discharge heat (exacerbation of release of exhaust air) in a 

downstream region (above the liquid crystal panel), the improvement on the 

cootrng efficiency is canceled out, thus making it difficult to provide sufficient 

10 effects. 

Patent Document 3 (third related art example) discloses an apparatus 

which includes a cutout in an air path of a liquid crystal panel holding frame to 

ensure an air passing area even if a spacing with a polarizing plate is narrow, 

thereby compensating for the cooling air velocity. However, when the spacing 

15 between respective units is narrow at an inflow end, this constitutes an air 

resistance to reduce the amount of fed air. Also, even if a cutout is provided on 

the downstream side thereof to increase the air passing area, the air velocity is 

reduced at cooled components (liquid crystal panels, and light transmission 

planes of polarizing plates), so that the cooling efficiency is not increased. 

20 The first example of Patent Document 4 (fourth related art example) 

discloses a structure which includes an air guiding plate having a U-shaped 

groove form connected (positioned) between a liquid crystal panel and a 

polarizing plate to turn around an air stream fed by a fan at a top end to cool the 

liquid crystal panel in opposite directions on the incident side and exit side of the 

25 liquid crystal panel, thereby alleviating variations in panel temperatures. In this 

event, however, the air passing area is reduced to one half, and an air traveling 
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distance is increased twice, as compared with conventional structures, thus 

exacerbating the air resistance to restrain the amount of air fed by the fan. Also, 

since the air which has passed by and cooled the panel exit side in the former 

half of the Li-shaped groove is heated by discharged heat, the heat radiation 

5 capabilities significantly decrease in the latter half in which the air turns around 

to pass by the panel incident side. Thus, this structure is not suitable for highly 

efficient cooling. 

On the other hand, in the second example (Figs. 9A an 98) of the 

fourth related art example which ventilates the panel incident side and exit side 

10 individually in opposite directions using a pair of fans, this is effective in that the 

heat generation distributions (cooling actions) on the panel surfaces are upside 

down on the incident side and exit side to balance the temperature within the 

panel. However, this structure follows a conventional cooling method in that a 

parallel air flow is directed onto a heat generating plane to radiate heat, and fails 

15 to achieve a sufficient cooling efficiency because an air resistance increases 

due to a r~duction of each air passing area to one half while a heat radiation 

load per fan is reduced. 

Patent Document 5 (fifth related art example) forcedly air-cools liquid 

crystal units by a closed circulation system to transfer heat of exhaust air to the 

20 outside through a heat sink and radiate the heat by another air-cooling fan, 

thereby reducing the temperature of internally circulated air for cooling the liquid 

crystal units. In this event, however, while effective for preventing dusts being 

introduced into the liquid crystal units, the transport of discharged heat involves 

a heat transfer process of gas (internally circulated flow) --> solid (heat sink) --> 

25 air (forced air cooling to external air) twice, and therefore the fifth related art 

example disadvantageously suffers from a poor heat transport efficiency due to 
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a large heat resistance from the internally circulated air to the external air and 

cannot be applied to a high luminance model which generates a large amount of 

heat. 

It is an exemplary feature of the present invention to provide a silent 

5 cooling apparatus for effectively reducing the operating temperature of an 

electronic device which includes a plurality of components which include 

surfaces opposite to each other with a spacing therebetween and have a heat 

generating spot on at least any of the surfaces opposite to each other, in a small 

and low-cost configuration. 

10 MEANS FOR SOLVING THE PROBLEM 

An apparatus for cooling a heat generating spot of an electronic device 

of the present invention is a cooling apparatus for forcedly air-cooling a heat 

generating spot of an electronic device which includes a plurality of components 

which are disposed side-by-side to have the same in-plane direction, and which 

15 include heat generating spots within their surfaces. The cooling apparatus 

further includes first air cooling means for feeding an air stream to the heat 

generating spot in an orientation of the in-plane direction, and second air cooling 

means for feeding an air stream to the heat generating spot in the in-plane 

direction in a different orientation from the air stream by the first air cooling 

20 means. 

EFFECTS OF THE INVENTION 

In the apparatus for cooling a heat generating spot of an electronic 

device in the present invention, for example, when applied to a cooling 

mechanism for a liquid crystal image display, a pair of air cooling means 

25 disposed in opposition in the vertical direction across a liquid crystal unit 

interposed therebetween, are used to cause air streams to collide in an 
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opposing state in a space between a liquid crystal panel and a polarizing plate, 

thereby generating an impinging jet flow perpendicular to each heat generating 

plane of the liquid crystal panel and polarizing plate. In this way, the heat 

transfer coefficient can be significantly improved to promote the heat transfer, 

5 as compared with the cooling of a liquid crystal unit according to the background 

related art which relies on a uniform flow along a parallel plane, thus 

advantageously providing small-size, low-cost, and low-noise highly efficient 

cooling. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 The foregoing and other exemplary purposes, aspects and advantages will 

be better understood from the following detailed description of an exemplary 

embodiment of the invention with reference to the drawings. 

Fig. 1 (a) and Fig. 1 (b) are schematic diagrams of the configuration of a liquid 

crystal projector apparatus of a background related art, where Fig. 1 (a) 

15 illustrates the appearance of a general liquid crystal projector apparatus, and 

Fig. 1 (b) illustrates the internal structure of the liquid crystal projector apparatus. 

Fig. 2 illustrates a schematic diagram illustrating the internal configuration of a 

liquid crystal projector apparatus. 

Fig. 3A illustrates a schematic exploded perspective view illustrating the 

20 configuration of a cooling unit for a liquid crystal unit of a liquid crystal projector 

apparatus. 

Fig. 38 illustrates a schematic cross-sectional view for describing a forced air 

cooling operation of the cooling unit for the liquid crystal unit of the liquid crystal 

projector apparatus. 
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Fig. 4 illustrates a graph showing the relationship between a panel cooling air 

velocity and a panel operating temperature in 0.8"-SXGA (5000-lm class: 25 □ 

environment). 

Fig. 5 illustrates a schematic side view illustrating a first related art example of 

5 cooling a liquid crystal unit. 

Fig. 6 illustrates a schematic perspective view illustrating a second related art 

example of cooling a liquid crystal unit. 

Fig. 7 illustrates a schematic side view illustrating a third related art example of 

cooling a liquid crystal unit. 

10 Fig. SA illustrates a schematic top plan view illustrating a first example of a 

fourth related art example of cooling a liquid crystal unit. 

Fig. SA illustrates a schematic lateral sectional view illustrating the first example 

of the fourth related art example of cooling a liquid crystal unit. 

Fig. 9A illustrates a schematic top plan view illustrating a second example of the 

15 fourth related art example of cooling a liquid crystal unit. 

Fig. 98 illustrates a schematic lateral sectional view illustrating the second 

example of the fourth related art example of cooling a liquid crystal unit. 

Fig. 10 illustrates a schematic lateral sectional view illustrating a fifth related art 

example of cooling a liquid crystal unit. 

20 Fig. 11 illustrates a schematic exploded perspective view of an apparatus for 

cooling a heat generating spot of a liquid crystal image display according to a 

first exemplary embodiment of the present invention. 

Fig. 12 illustrates a schematic cross-sectional view for describing the 

configuration and operation of the apparatus for cooling a heat generating spot 

25 in a liquid crystal image display according to the first exemplary embodiment of 

the present invention. 
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Fig. 13 illustrates a schematic partial cross-sectional view and a partially 

enlarged cross-sectional view showing the flow of an air stream for cooling a 

liquid crystal unit in Fig. 12. 

Fig. 14 illustrates a schematic cross-sectional view for describing the 

5 configuration and operation of apparatus for cooling a heat generating spot in a 

liquid crystal image display according to a second exemplary embodiment of the 

present invention. 

Fig. 15 illustrates a schematic partial cross-sectional view and a partially 

enlarged cross-sectional view showing the flow of an air stream for cooling a 

10 liquid crystal unit in Fig. 14. 

Fig. 16A illustrates a schematic cross-sectional view of a cooling structure in the 

first exemplary embodiment, as viewed from a light transmission plane side. 

Fig. 16B illustrates a schematic cross-sectional view of the cooling structure in 

the first exemplary embodiment, as viewed from a transverse plane side. 

15 Fig. 16C illustrates a schematic cross-sectional view of a cooling structure in a 

third exemplary embodiment, as viewed from a light transmission plane side. 

Fig. 16D illustrates a schematic cross-sectional view of a cooling structure in a 

fourth exemplary embodiment, as viewed from a light transmission plane side. 

Fig. 16E illustrates a schematic cross-sectional view of a cooling structure in a 

20 fifth exemplary embodiment, as viewed from a light transmission plane side. 

Fig. 16F illustrates a schematic cross-sectional view of a cooling structure in a 

sixth exemplary embodiment, as viewed from a light transmission plane side. 

Fig. 17 A illustrates a schematic explanatory diagrams of a seventh exemplary 

embodiment according to the present invention, including a perspective view 

25 which describes a duct configuration of a cooling apparatus, and a 

cross-sectional view which describes operations. 
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Fig. 178 illustrates a schematic explanatory diagram of the seventh exemplary 

embodiment according to the present invention, and a top plan view which 

describes the operation of the cooling apparatus. 

Fig. 18 illustrates a schematic explanatory diagrams showing a control method 

5 in a cooling apparatus of the present invention, where (i) illustrates a front view 

of a liquid crystal unit as viewed from a light transmission plane side, and (ii) 

illustrates a cross-sectional view of the same, and (a), (b), (c) show changes in 

the amount of air streams of a fan in time series. 

Fig. 19 illustrates a schematic diagram for describing impinging jet cooling. 

10 Fig. 20A illustrates a schematic diagram for describing a liquid crystal panel and 

a light transmission plane of a polarizing plate in a liquid crystal image display, 

and a front view which depicts a liquid crystal panel and a polarizing plate side 

by side. 

Fig. 208 illustrates a schematic diagram for describing a liquid crystal panel and 

15 a light transmission plane of a polarizing plate in a liquid crystal image display, 

and a side view which displays a liquid crystal panel and a polarizing plate side 

by side. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Next, an apparatus for cooling a heat generating spot of an ele?tronic 

20 device according to an exemplary embodiment of the present invention will be 

described in terms of the configuration and operation with reference to the 

drawings. In this exemplary embodiment, for facilitating the understanding, the 

electronic device will be described as represented by a liquid crystal image 

display of a liquid crystal projector apparatus, and components such as an 

25 incident-side polarizing plate, a liquid crystal panel, and an exit-side polarizing 

plate which form a liquid crystal unit. However, the present invention is not 
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limited to this exemplary embodiment, but may also be applied to a cooling 

apparatus or the like for an electronic device which includes a plurality of 

components, each of which includes surfaces opposite to each other with a 

spacing defined therebetween, where at least any of the surfaces opposite to 

5 each other is a heat generating spot, for example, heat generating spots 

disposed across a narrow gap, such as a rack unit which has a plurality of 

printed circuit boards mounted therein in parallel, IC chips mounted on a board 

of a small-size electronic device in a narrow space facing an inner wall of a 

housing, and the like. 

10 Since the liquid crystal projector apparatus has been previously 

described in the section of Background Art, the description is omitted here. 

Fig. 11 is a schematic exploded perspective view of an apparatus for 

cooling a heat generating spot of a liquid crystal image display according to a 

first exemplary embodiment of the present invention, Fig. 12 is a schematic 

15 cross-sectional view for describing the configuration and operation of the heat 

generating spot cooling apparatus in the liquid crystal image display according 

to the first exemplary embodiment of the present invention, and Fig. 13 includes 

a schematic partial cross-sectional view and a partially enlarged cross-sectional 

view showing the flow of air for cooling a liquid crystal unit in Fig. 12. 

20 Cooling apparatus 26a for a liquid crystal image display (electronic 

device) of a liquid crystal projector apparatus according to the present invention 

is formed of first air cooling unit 29a including first cooling fan 27a and first air 

cooling duct 28a, and like second air cooling unit 33a including second cooling 

fan 31 a and second air cooling duct 32a, disposed at an upper and a lower end 

25 of liquid crystal unit 2 which is provided for each of R/G/8 color light and 
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includes incident-side polarizing plate 12, liquid crystal panel 13, and exit-side 

polarizing plate 14 which are assembled into a unit. 

Referring next to Fig. 12, operations for cooling liquid crystal unit 2 by 

cooling apparatus 26a in this exemplary embodiment, will be described. 

In this exemplary embodiment, as illustrated in Fig. 12, first air cooling 

unit 29a is provided at the lower end of liquid crystal unit 2, and first air stream 

30a generated from first cooling fan 27a passes through spaces between 

incident-side polarizing plate 12 and liquid crystal panel 13 of each color light 

and between liquid crystal panel 13 and exit-side polarizing plate 14 from below 

10 to above through first air cooling duct 28a. 

Additionally, second air cooling unit 33a is provided at the upper end of 

liquid crystal unit 2, and second air stream 34a generated from second cooling 

fan 31a passes through spaces between incident-side polarizing plate 12 and 

liquid crystal panel 13 of each color light and between liquid crystal panel 13 and 

15 exit-side polarizing plate 13 from above to below through second air cooling 

duct 32a in the same manner. 

Referring next to Fig. 13, a description will be given of a cooling action 

by cooling apparatus 26a in this exemplary embodiment. Fig. 13 is a schematic 

cross-sectional view of liquid crystal unit 2 for one color light alone, extracted 

20 from among liquid crystal units 2 in Fig. 12. 

As described above, first air stream 30a is sent from the lower end of 

liquid crystal unit 2 into the space between incident-side polarizing plate 12 and 

liquid crystal panel 13 and the space between liquid crystal panel 13 and 

exit-side polarizing plate 14 from below to above. Second air stream 34a is sent 

25 from the upper end of liquid crystal unit 2 into the space between incident-side 

polarizing plate 12 and liquid crystal panel 13 and the space between liquid 
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crystal panel 13 and exit-side polarizing pate 14 from above to below in the 

same manner. First and second air streams 30a and 34a collide at a central 

position (impinging plane a in the drawing) in an opposing state in a space 

between the respective units when first cooling fan 27a and second cooling fan 

5 31a have an equivalent amount of fed air, and when first air cooling duct 28a 

and second air cooling duct 32a have an equal air resistance. 

In this event, first air stream 30a and second air stream 34a which 

collide in an opposing state from directions opposite to each other, generate 

evolutional flows which perpendicularly go to polarizing plates 12, 14 on the 

10 incident/exit sides and the light transmission plane of liquid crystal panel 13 at 

positions at which they collide, as illustrated in a detailed view of Fig. 13. Thus, 

a perpendicular jet stream is formed toward a heat generating plane (light 

transmission plane) while allowing the transmission of the color light. 

In this way, the heat transfer coefficient can be largely increased as 

15 compared with a cooling method of the background related art which relies on a 

parallel flat flow, thus making it possible to cool the liquid crystal units at a high 

heat radiation efficiency. 

Next, a second exemplary embodiment in an apparatus for cooling an 

electronic device according to the present invention will be described in detail 

20 with reference to the drawings. Fig. 14 is a schematic cross-sectional view for 

describing the configuration and operation of the apparatus for cooling a heat 

generating spot in a liquid crystal image display according to the second 

exemplary embodiment of the present invention, and Fig. 15 includes a 

schematic partial cross-sectional view and a partially enlarged cross-sectional 

25 view showing the flow of air for cooling a liquid crystal unit in Fig. 14. 
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In cooling apparatus 26b in the second exemplary embodiment, and in 

cooling apparatus 26a in the first exemplary embodiment, second air cooling 

unit 33b disposed at the upper end of liquid crystal unit 2 includes axial fan 36 

alone. 

Also, in this event, first air flow (stream) 30b sent by first air cooling unit 

29b including first cooling fan 27b and first air cooling duct 28b, and second air 

stream 34b sent from second air cooling unit 33b including axial fan 36 are fed 

into the space between incident-side polarizing plate 12 and liquid crystal panel 

13, which form part of liquid crystal unit 2, and the space between liquid crystal 

10 panel 13 and exit-side polarizing plate 14. Hence, the first air flow 30b and the 

second air stream 34b collide at substantially the central position between the 

respective elements (collision plane bin Fig. 15) in an opposing state. Thus, a 

perpendicular jet stream is generated which goes toward incident/exit-side 

polarizing plates 12, 14 and the light transmission plane of liquid crystal panel 

15 13, which are heat generating planes, in a manner similar to the first exemplary 

embodiment described above. 

In this exemplary embodiment, the second air cooling unit includes the 

axial fan alone, thereby reducing the size and simplifying the mounting. 

Next, third to sixth exemplary embodiments in the apparatus for 

20 cooling an electronic device according to the present invention will be described 

with reference to the drawings. 

Figs. 16A to 16F are schematic cross-sectional views of cooling 

structures in the first and third to sixth exemplary embodiments, where Fig. 16A 

is a schematic cross-sectional view of the first exemplary embodiment as 

25 viewed from a light transmission plane side; Fig. 16B is a schematic 

cross-sectional view of the first exemplary embodiment as viewed from a 
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transverse plane side; Fig. 16C is a schematic cross-sectional view of a third 

exemplary embodiment as viewed from the light transmission plane side; Fig. 

160 is a schematic cross-sectional view of a fourth exemplary embodiment as 

viewed from the light transmission plane side; Fig. 16E is a schematic 

5 cross-sectional view of a fifth exemplary embodiment as viewed from the light 

transmission plane side; and Fig. 16F is a schematic cross-sectional view of a 

sixth exemplary embodiment as viewed from the light transmission plane side. 

Fig. 16A and 168 are provided for describing a comparison of the first 

exemplary embodiment with the third to sixth exemplary embodiments. 

10 In the first exemplary embodiment, air streams are fed by independent 

air cooling units 29a, 33a from the upward and downward directions of liquid 

crystal unit 2 in opposing directions to cause cooling air streams to collide with 

each other at the central position on the light transmission plane (collision plane 

a) of liquid crystal unit 2, thereby generating a perpendicular flow (collision jet 

15 stream) toward each heat generating plane. 

On the other hand, in the cooling structure in the third exemplary 

embodiment illustrated in Fig. 16C, first discharge port 37c of first air cooling 

unit 29c disposed at the lower end of liquid crystal unit 2, and second discharge 

port 38c of second air cooling unit 33c disposed at the upper end of liquid crystal 

20 unit 2 in the same manner are offset to left and right, respectively, from the 

central axial line of the panel indicated by ax in the figure. 

In this way, first air stream 30c by first air cooling unit 29c and like 

second air stream 34c by second air cooling unit 33c oppositely collide at a 

position corresponding to a shift of an air velocity distribution, to form evolutional 

25 flows which go perpendicularly to the heat generating planes at positions 

substantially along a diagonal (collision plane c in the figure) on the light 
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transmission plane. Consequently, it is possible to accomplish wide and highly 

efficient cooling of the liquid crystal unit. 

In this event, since the air streams flow in an oblique direction after the 

collision, heated exhaust air can be readily discharged outside of the housing 

5 such that the exhaust air will not circulate again into the cooling air. 

The cooling structure in the fourth exemplary embodiment illustrated in 

Fig. 16D includes first discharge port 37d of first air cooling unit 29d and like 

second discharge port 38d of second air cooling unit 33d being disposed so as 

to oppose substantially on a diagonal of the light transmission plane. 

10 In this way, like the third exemplary embodiment described above, first 

air stream 30d by first air cooling unit 29d and like second air stream 34d by 

second air cooling unit 33d are fed into the space between the incident-side 

polarizing plate and liquid crystal panel, and the space between the liquid crystal 

panel and exit-side polarizing plate, and collide in opposition to each other at a 

15 diagonal position (collision planed in the figure) on the light transmission plane. 

Thus, evolutional flows are formed which go perpendicularly to the heat 

generating planes on the diagonal of the light transmission planes to produce 

similar effects to those of the third exemplary embodiment. 

The cooling structure in the fifth exemplary embodiment illustrated in 

20 Fig. 16E includes in that both first cooling unit 29e and second cooling unit 33e 

being disposed on both sides of the lower end of the liquid crystal unit. First 

discharge port 37e of first air cooling unit 29e and like second discharge port 

38e of second air cooling unit 33e are set such that air feeding directions 

intersect on the center line (ax in the figure) of the panel in the vertical direction. 

25 In this event, like other exemplary embodiments, the liquid crystal unit 

can be highly efficiently cooled, and simultaneously, the first and second air 
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streams can be discharged in the same direction toward above the liquid crystal 

unit, thus facilitating the heat exhaustion processing. 

The cooling structure in the sixth exemplary embodiment illustrated in 

Fig. 16F includes first discharge port 37f of first air cooling unit 29f and like 

5 second discharge port 38f of second air cooling unit 33f being disposed so as to 

oppose each other on the left and right sides of liquid crystal unit 2. 

In this event, mounting spaces must be provided on the left and right 

sides of the liquid crystal units. However, since evolutional flows toward the heat 

generating planes are formed on the center axis (ax in the figure) of the panel, 

10 this is effective for a liquid crystal panel which exhibits a large temperature 

gradient in the vertical direction. 

Next, a seventh exemplary embodiment in the cooling apparatus of the 

present invention will be described with reference to the drawings. 

Figs. 17 A and 17B are schematic explanatory diagrams of the seventh 

15 exemplary embodiment according to the present invention, where Fig. 17 A 

includes a perspective view which describes a duct configuration of the cooling 

apparatus, and a cross-sectional view which describes the operation, while Fig. 

17B is a top plan view which describes the operation in the same manner. 

In the seventh exemplary embodiment illustrated in Figs. 17A and 17B, 

20 the second cooling fan which forms part of the second air cooling unit is omitted. 

However, first cooling fan 27g is shared, and second air cooling duct 32g is 

branched halfway from first air cooling duct 28g, and extended toward the 

center of liquid crystal unit' 2 at a lateral position of liquid crystal unit 2 to 

discharge second air stream 34g toward the center of the light transmission 

25 plane substantially horizontally from a lateral direction of liquid crystal unit 2, in 
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the cooling apparatus of the first to sixth exemplary embodiments described 

above. 

In this way, first air stream 30g fed by first duct 28g from below to 

above liquid crystal unit 2, and second air stream 34g fed from one side of liquid 

5 crystal unit 2 have two different vectors (orthogonal vectors in this exemplary 

embodiment) and collide in a space in the unit near the central position on the 

light transmission plane between incident-side polarizing plate 12 and liquid 

crystal panel 13 or between liquid crystal panel 13 and exit-side polarizing plate 

14. Thus, a high cooling effect can be accomplished in a manner similar to the 

10 first to sixth exemplary embodiments described above. 

Also, in this event, since first cooling fan 27g is shared by first air 

cooling duct 28g and second cooling duct 32g, the number of mounted fans can 

be reduced to lead to a reduction in cost and noise. In addition, since second 

duct 32g is formed by branching part of first duct 30g, not only the cooling fan 

15 but also the cooling apparatus can be reduced in mounting volume, thus 

facilitating applications to small projector apparatuses. 

Further, since either the second cooling fan or the second duct need 

not be provided as an independent member, an assembling process can be 

simplified. This additionally allows maintaining the same productivity as the 

20 projector apparatus in the configuration of the background related art which 

employs a single cooling fan, while providing high cooling capabilities. 

Next, with reference to the drawings, described is a method of 

improving the quality of projected image using the cooling apparatus of the 

present invention by expanding a cooling action area to increase a heat 

25 radiation effect and simultaneously mitigating thermal gradient on the surface of 

the liquid crystal panel. 
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Fig. 18 includes schematic explanatory diagrams showing a control 

method in the cooling apparatus of the present invention, where (i) is a front 

view of a liquid crystal unit as viewed from the light transmission plane side, and 

(ii) illustrates a cross-sectional view of the same, and (a), (b), (c) indicate 

5 changes in time-series fan air amount. The order (a) --> (b) --> (c) --> (b) 

- > (a) represents fan air amount control in time-series and a ventilation state at 

the respective instances. 

In the explanatory diagrams, the cooling apparatus of the first 

exemplary embodiment described above is given as an example, but it can be 

10 applied to cooling apparatuses of other exemplary embodiments. 

First air cooling unit 29a and second air cooling unit 33a provided at 

the lower end and upper end of liquid crystal unit 2, respectively, include a first 

cooling fan (not shown) and first air cooling duct 28a, and a second cooling fan 

(not shown) and second air cooling duct 32a, respectively. From respective duct 

15 discharge ports, first air stream 30a and second air stream 34a are fed in 

opposite directions into spaces between incident-side polarizing plate 12 and 

liquid crystal panel 13 and between liquid crystal panel 13 and exit-side 

polarizing plate 14. Streams 30a, 30b collide at midway positions therein to form 

evolutional flows in a direction perpendicular to the light transmission planes. 

20 Thus, the heat generating planes are cooled with perpendicular jet streams. 

This cooling method controls the ratio of the amount of air fed by the 

first cooling fan to the amount of air fed by the second cooling fan to vary the 

location of the collision over time, and move the perpendicular flows to the light 

transmission planes in the vertical direction, thereby expanding an area to which 

25 the highly efficient cooling acts, and simultaneously mitigating the difference in 

temperature on the panel surface. 
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Specifically, the independent cooling fans (first cooling fan and second 

cooling fan) are controlled to adjust the ratio of the respective amounts of air fed 

by the fans such that a first air amount is larger than a second air amount at a 

certain time (Fig. 18(a)); such that the first air amount is equal to the second air 

5 amount at the next time (Fig. 18(b)); and such that the first air amount is smaller 

than the second air amount at the next time (Fig. 18(c)). The air amount control 

may electrically vary the rotational speeds of the fans, or may be conducted by 

adjusting the openings of dampers provided in the ducts. 

The control is periodically repeated such as (a)--> (b) --> (c) --> (b) --> 

10 (a), thereby vertically moving the evolutional flows (collision jet streams) formed 

on the input/output polarizing plates and the light transmission plane of the liquid 

crystal panel to vary the position at which the maximum cooling effect is 

provided (i.e., the position at which the air streams collide) to expand a region in 

which the cooling action is high, and mitigate local variations in heat transfer 

15 coefficient within the light transmission plane over time, so that the temperature 

gradient is restrained within the panel surface to improve the quality of projected 

images. 

While the foregoing description has given the first exemplary 

embodiment as an example, it is obvious that similar effects are also provided 

20 by conducting such air amount control in other exemplary embodiments. 

In an eighth exemplary embodiment of an apparatus for cooling a heat 

generating spot of an electronic device of the present invention, a first air stream 

from first air cooling means and a second air stream from a second air cooling 

means have different air velocity vectors from each other. The first air cooling 

25 means and second air cooling means may be set such that the first air stream 

and second air stream collide with each other at the positions of heat generating 
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spots on opposing surfaces of a plurality of components. The first air cooling 

means may be disposed at the lower end of the opposing planes of the plurality 

of components, while the second air cooling means may be disposed at the 

upper end of the opposing planes of the plurality of components. The first air 

5 cooling means may include a first cooling fan and a first air cooling duct, while 

the second air cooling means may include a second air cooling fan and a 

second air cooling duct. One of the first air cooling means and second air 

cooling means may include a cooling fan and an air cooling duct, while the other 

may include a cooling fan alone. The first air cooling means may include a first 

10 cooling fan and a first air cooling duct, while the second air cooling means may 

include the first cooling fan shared by the first air cooling means, and a second 

air cooling duct branched halfway from the first air cooling duct for feeding air 

into the plane from a direction different from an air feeding direction of the first 

air cooling duct. Also, the first cooling fan and second cooling fan may provide 

15 variable amounts of air. 

The effect of the present invention can also be produced in the cooling 

of heat generating spots in a plurality of components of an electronic device 

which have surfaces opposite to each other, at least any of which includes the 

heat generating spot. 

20 Also, since the position at which fan air streams collide can be 

25 

arbitrarily set by arbitrarily controlling the ratio of air amounts from a pair of air 

cooling means, the position at which the collision jet streams are produced can 

be periodically varied on the basis of the center of the panel to mitigate thermal 

gradient on the panel surface, thus advantageously improving the image quality. 

In a ninth exemplary embodiment of the apparatus for cooling a heat 

generating spot of an electronic device according to the present invention, the 
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electronic device may be a liquid crystal image display, and components may 

include an incident-side polarizing plate, a liquid crystal panel, and an exit-side 

polarizing plate which form part of the liquid crystal unit. 

In a tenth exemplary embodiment of the present invention, a method of 

5 cooling a heat generating spot of an electronic device may be a heat generating 

spot cooling method for the aforementioned apparatus for cooling a heat 

generating spot of an electronic device. The tenth embodiment may include 

feeding a first air stream by first air cooling means for components of the 

electronic device in a first direction in gaps between opposing surfaces of the 

IO components. Additionally, a second air stream is fed by second air cooling 

means in a second direction different from the first direction in gaps between the 

opposing surfaces of the components to cause the first air stream and second 

air stream to collide with each other near the central positions of heat generating 

spots on the opposing surfaces of the component. Thus, evolutional flows are 

15 generated which go perpendicularly to one or both of the opposing surfaces of 

the components. 

In a method of cooling a heat generating spot of an electronic device 

according to an eleventh exemplary embodiment of the present invention, first 

air cooling means is disposed at a lower end of components of an electronic 

20 device, and second air cooling means is disposed at an upper end of the 

components of the electronic device. A first air stream by the first air cooling 

means may be fed from below to above in spaces between a plurality of 

components, while a second air stream by the second air cooling means may be 

fed cooling below in the spaces between the plurality of components, to cause 

25 the first air stream and second air stream to collide with each other near the 

central positions of heat generating spots on opposing surfaces of the 
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components. Thus, evolutional flows are generated which go perpendicularly to 

one or both of the opposing surfaces of the components. By varying, over time, 

the ratio of air amounts of the first cooling fan which forms part of the first air 

cooling means to a second cooling fan which forms part of the second air 

5 cooling means, the position at which the first air stream and second air stream 

collide may be periodically moved from the central positions of the heat 

generating spots on the opposing surfaces of the components. The electronic 

device may be a liquid crystal image display, and the components may include 

an incident-side polarizing plate, a liquid crystal panel, and an exit-side 

10 polarizing plate which include a liquid crystal unit. 

In a twelfth exemplary embodiment of the present invention, a liquid 

crystal projector apparatus includes any of the aforementioned apparatus for 

cooling a heat generating spot of an electronic device. 

In the apparatus for cooling a heat generating spot of an electronic 

15 device according to the present invention, when the electronic device is, for 

example, a liquid crystal image display of a liquid crystal projector apparatus, a 

pair of independent air cooling means, each, including a cooling fan and an air 

cooling duct, are provided above and below a liquid crystal unit. Thus, air 

streams are fed across the liquid crystal unit therebetween from above and 

20 below in opposite directions to pass the air streams through spaces between the 

incident-side polarizing plate and liquid crystal panel or between the liquid 

crystal panel and exit-side polarizing plate. The two air streams to collide near 

the center of a light transmission plane near the central position of a heat 

generating spot to improve the cooling efficiency. 

25 For cooling a heat generating flat plate such as a polarizing plate and a 

liquid crystal panel by forced air cooling, collision jets cooling may be given as 
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one of the methods which provides the highest cooling efficiency. Fig. 19 is a 

schematic diagram for describing the collision jet cooling. As illustrated in Fig. 

19, the collision jet cooling is a method which involves jetting coolant (air, liquid) 

20 perpendicularly to heat generating flat plate 18 through nozzle 19 to cause 

5 an impinging jet flow to collide with heat generating plate 18, thereby radiating 

heat from a heat generating plane. 

Generally, in the forced air cooling for a heat generating flat plate, two 

approaches, i.e., a thinning method and a replacement method are 

contemplated for improving the heat transfer coefficient to promote the heat 

10 transfer. 

The former is a method which promotes the heat transfer by reducing 

the thickness (thinning) of a thermal boundary layer formed on the surface of a 

heat generating body, in which case since the thickness of the thermal boundary 

layer is reciprocally proportional to the square root of a the velocity in a main 

15 stream direction (flow rate along the flat plate), the aforementioned manner of 

increasing the air velocity to reduce the temperature of the heat generating body 

is comparable to this. 

The latter intends to promote the heat transfer by encouraging the 

exchange of a fluid near the surface of a solid with a fluid slightly spaced apart 

20 therefrom, and is achieved by controlling a turbulent flow which is associated 

with generation/disappearance of a unsteady vortex. 

The collision jet cooling for cooling a heat generating flat plate by 

causing a jet stream to collide with the heat generating flat plate from a direction 

perpendicular thereto falls under the latter. The collision jet cooling 

25 demonstrates cooling capabilities higher by a factor of five to ten than a 
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conventional method of feeding air along a heat generating flat plate through a 

process of: 

1) breakage (peeling) of the thermal boundary layer on the surface of 

the heat generating body due to the collision jet stream; 

2) exchange of fluids (temperature replacement) due to the evolution al 

flow produced on the collision plane; and 

3) sliding of the jet stream on the wall due to the Coanda effect (the 

nature of a fluid by which an object placed in a flow causes a reduction in 

pressure between a fluid and a wall surface of a solid to attract the flow to the 

10 wall surface, thereby changing the direction of the flow along the object). 

Incidentally, when such collision jet cooling is applied, for example, to 

cooling of a liquid crystal image display in a liquid crystal projector apparatus, a 

nozzle position thereof is a problem to be solved. Specifically, since a liquid 

crystal panel and a polarizing plate generate heat due to a light absorption effect 

15 when each color light passes, the heat generating plane substantially matches 

with the light transmission plane (panel light transmission plane 22, polarizing 

plate light transmission plane 25), as illustrated in Figs. 20A and 20B. 

Accordingly, it is necessary to generate a perpendicular air flow to the heat 

generating plane so as not to impede the transmission of each color. Figs. 20A 

20 and 208 are schematic diagrams for describing the light transmission planes of 

the liquid crystal panel and polarizing plate in a liquid crystal image display, 

where Fig. 20A is a front view which depicts a liquid crystal panel and a 

polarizing plate placed side by side, and Fig. 208 is a side view. 

Thus, in the cooling mechanism for a liquid crystal image display in the 

25 present invention, cooling air streams are fed from above and below the liquid 

crystal unit in directions opposite to each other to cause the cooling air streams 
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to collide with each other near the center of the light transmission plane in a 

space between the liquid crystal panel and polarizing plate. Thus, evolution 

flows are generated which go perpendicularly to heat generating planes of both 

the liquid crystal panel and polarizing plate to form vertical jet streams, thereby 

5 dramatically increasing the heat transfer coefficient to promote the heat transfer 

and accomplish highly efficient cooling of the liquid crystal unit. 

Further, by changing the ratio of air amounts by the fans provided 

above and below the liquid crystal unit over time, the position at which the air 

streams collide (position at which the vertical jet streams are generated) can be 

10 vertically vibrated from the center of the liquid crystal panel with respect to the 

liquid crystal panel and polarizing plate. In this way, since a region at which the 

maximum cooling effect is demonstrated (position of collision) can be 

periodically varied within the panel surface, it is possible to eliminate thermal 

gradient on the surface of the liquid crystal panel to improve the quality of 

15 projected images. 

While the invention has been particularly shown and described with 

reference to exemplary embodiments thereof, the invention is not limited to 

these exemplary embodiments. It will be understood by those of ordinary skill in 

the art that various changes in form and details may be made therein without 

20 departing from the spirit and scope of the present invention as defined by the 

claims. 

Further, it is noted that Applicant's intent is to encompass equivalents of all 

claim elements, even if amended later during prosecution. 

This application is based upon and claims the benefit of priority from 

25 Japanese patent application No. 2006-287395, filed on October 23, 2006, the 

disclosure of which is incorporated herein in its entirety by reference. 
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CLAIMS 

1. A cooling apparatus for air-cooling a heat generating spot of an 

electronic device whfch comprises a plurality of components which are disposed 

side by side to have the same in-plane direction, said components including 

heat generating spots within surfaces thereof, characterized by comprising: 

first air cooling means for feeding an air stream to said heat generating 

spot in an orientation of the in-plane direction; and 

second air cooling means for feeding an air stream to said heat 

generating spot in said in-plane direction in a different orientation from the air 

stream by said first air cooling means. 

2. The apparatus for cooling a heat generating spot of an electronic device 

according to claim 1, wherein: 

a first air stream by said first air cooling means and a second air 

stream by said second air cooling means have air velocity vectors different from 

5 each other; and 

5 

said first air cooling means and said second air cooling means are set 

such that said first air stream and said second air stream collide with each other 

at positions of said heat generating spots on opposing surfaces of a plurality of 

said components. 

3. The apparatus for cooling a heat generating spot of an electronic device 

according to claim 1 or 2, wherein: 

said first air cooling means is disposed at a lower end of a plane 

opposing a plurality of said components; and 

said second air cooling means is disposed at an upper end of the plane 

opposing the plurality of said components. 
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4. The apparatus for cooling a heat generating spot of an electronic device 

according to any of claims 1 to 3, wherein: 

said first air cooling means comprises a first cooling fan and a first air 

cooling duct; and 

5 said second air cooling means comprises a second cooling fan and a 

second air cooling duct. 

5. The apparatus for cooling a heat generating spot of an electronic device 

according to any of claims 1 to 3, wherein: 

one of said first air cooling means and said second air cooling means 

comprises a cooling fan and an air cooling duct, and the other one of said first 

5 air cooling means and said second air cooling means comprises a cooling fan 

alone. 

6. The apparatus for cooling a heat generating spot of an electronic device 

according to claim 1 or 2, wherein: 

said first air cooling means comprises a first cooling fan, and a first air 

cooling duct; and 

5 said second air cooling means comprises said first cooling fan shared 

by said first air cooling means, and a second air cooling duct branched halfway 

from said first air cooling duct for feeding air into a plane from a direction 

different from an air feeding direction of said first air cooling duct. 

7. The apparatus for cooling a heat generating spot of an electronic device 

according to claim 4 or 5, wherein: 

said first cooling fan and said second cooling fan feed variable 

amounts of air. 

8. The apparatus for cooling a heat generating spot of an electronic device 

according to any of claims 1 to 7, wherein: 
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said electronic device comprises a liquid crystal image display, and 

said components include an incident-side polarizer, a liquid crystal panel, and 

5 an exit-side polarizing plate which comprise a liquid crystal unit. 

9. A heat generating spot cooling method for the apparatus for cooling a 

heat generating spot of an electronic device according to claim 1, said method 

characterized by comprising: 

feeding a first air stream by said first air cooling means for said 

5 components of said electronic device in a first direction in gaps between 

opposing surfaces of said components; 

10 

feeding a second air stream by said second air cooling means in a 

second direction different from the first direction in the gaps between the 

opposing surfaces of said components; and 

causing said first air stream and said second air stream to collide with 

each other near central positions of heat generating spots on opposing surfaces 

of said components, thereby generating evolutional flows which go 

perpendicularly to one or both of the opposing surfaces of said components. 

10. The method of cooling a heat generating spot of an electronic device 

according to claim 9, wherein: 

said first air cooling means is disposed at a lower end of said 

components of said electronic device, and said second air cooling means is 

5 disposed at an upper end of said components of said electronic device; 

a first air stream by said first air cooling means is fed from below to 

above in a space between a plurality of said components; 

a second air stream by said second air cooling means is fed from 

above to below in the space between the plurality of said components; and 
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10 said first air stream and said second air stream are caused to collide 

with each other near central positions of heat generating spots on opposing 

surfaces of said components, thereby generating evolutional flows which go 

perpendicularly to one or both of the opposing surfaces of said components. 

11. The method of cooling a heat generating spot of an electronic device 

according to 9 or 10, wherein: 

the position at which said first air flow collides with said second air flow 

is periodically moved from the central positions of the heat generating spots on 

5 the opposing surfaces of said components by varying, over time, the ratio of the 

amount of air fed by said first cooling fan which forms part of said first air cooling 

means to the amount of air fed by said second cooling fan which forms part of 

said second air cooling means. 

12. The method of cooling a heat generating spot of an electronic device 

according to any of claims 9 to 11, wherein: 

said electronic device comprises a liquid crystal image display, and 

said components include an incident-side polarizer, a liquid crystal panel, and 

5 an exit-side polarizing plate which comprise a liquid crystal unit. 

13. A liquid crystal projector apparatus characterized by comprising the 

apparatus for cooling a heat generating spot of an electronic device according to 

claim 8. 
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~@'.t-·ih 6 0 :/J>:/J>6t~~~*~~@'.O) -3 'I:,' lmifll*~*-=f(::itta~F,-i,Jv~ m~ ,t..::itta8a7°0 
:J ::i:;, ;,~11ti::1:, .;,_xO)J: -s '£fflnx. t i/Jitt:: J: --::i -c ;7..,;, 1J -✓ J::.t::001mzm:*1~.m-t 0 0 

[ 0004] 
il'1la8a 7°0::./::,: :J Yilit~U' x;m!z{imi_ -c ~ l{;) 0 ~i:'J\:;mt:h·0JE-1:J: ½let..:: B~x;U' lJ 7 V 

;,;,-coc~tc:h, PBS (Polarization Beam Splitter: fi:'J\:;t·-1,,;7..,71J •y:9) (::J: 1J 
1i7t.1ttffe!c:ht..::ft(:: - R/G/RO)~E,7e(::5tJillc:h6 0 ·5tJillt:-:ht..::~E.7C!i - ~§.,::' t 
(::m;g c' ht..::i~a~F{-i,Jv(::~:l)>:h, xtJitT 6 i~a8a/ q,,v(::Alllt-t 0 0 i~EPal q,Jv(::A!l!t L 
t-.:~e:'/2:;!i, il'1la~F,-i,M::J: --::i-C t:''f.:tf§-{'H::R--::i t-.:x;.1t~Bttt0 0 7C5t~c:ht-.:~e 
x;!i, e~J1x.:r 1J Y:-L(:.::J: 0~J1x.~:tL, t~~x;¥:*~irL-c ;7..,:J 1J-/ J::.t=t~~~:tL0 0 

[0005] 
c::.c::.t-·, TN (Twisted Nematic) .::i::-~t-·i!Jfi=T6l-l:lia8al\-i,Jv!i, t'lf5E0)1!Ulfix;ft\t 

JJ'- L:/J>f&x.. '£t •o -{- c::. t-·' ~il'1it¥3aF::-i,JvO)_}_!lJffMH::ti{ix;tk:/J-;i!'ic@'.c':h, il'1la8a1 q,;H::_,A_ 
MT 6 13:'J\:;O)fi:'J\:;j-f roJ;o'>pfi5Ej-f foJ (::¥ti:-ch 6 ( i: i: t-U _ s fi7tl::¥ti:-t:- :h 6 ii 0) t T 
6 o ) o c 0(::, ?{1a~J,-i,JvO)t±l~f{J{U(:: t>{i7tr1Jt::/J'>jlljc@'.c:h, ?{:iiai1,;t,JVC7tit~~§'tft 
t:7t0 Sfi:'lcffl<:JJ.._:/J,~&fi7ttm:t::J:--::i'Z.!J •yr ~:h, Pfi:'/cfflt:n'-O)h:l){;J'lfl/f',t:-:h6 ◊ C: C::. t-· 
, i11ia0a1 '{;t,1v&C/f-cTJlru1&t:.::i!'ic~2'tL0 fi7tr!x!i, -pt-;11:'..2'trc i:.: '1/ r U11ia0ai:.: '1/ r 
) ~%mt L n ,,;s 0):/J':imm't-·«> ,;s ◊ ± t-.:, l'J.r0~1taf!t-U, il'1iR~1'Ct,,v0)7,Jltf!!.1Jl::i!'ic~c'­
tL1::1i"x;tm:z , A!sltf!!.Ufi"x;tm:J , teMf!!.1Jt.:JJlic11t~±Lt::1i"x;tm:~ , te!sltf!!.IJfix;tm:J t ufJ-::t~ 
{",:/J>«J 0 0 

[ 0006] 
;: O) J: '3 t::, i{:iia~J, -i,JvO) Wfflt::, x;!liil! t::ifh T i!'ic@'. ¢ tL 6 A~tf.!!.1Jf,ix;t1Jt:&tl t±lMf.!!.IJfi" 

7ttm:U. ~Jr Ufl!j-froJO)fi7t7tO)h'.r;ii;i@J~-t±-. fl!:!O)fi:'J\:;:'J\:;'.!:';i},g~-t 6 o X1l!tf.!!.1Jii7ttm:& 
Ute!iff!!.IJfi:'/ctm:l::J: --::i -C~~c':ht..::x;!i~t::.1ttffi!c' h0 o T7£bi:::,, Allltf.!!.IJfix;tm:&Ute 
Mf!!.lffi:'/ctm:t±J'e~-t ,;s ◊ ±t-.:, il:li,R1{-i,1vt::1w1-c ii, ~@*~Wt::«>-iS f "-7 •y -J? r 1J 
7 ;7..,{;.::J:--::> T A!if:'/ccTJ-$:/)'>Jfil~2'tL, Jfil~2'tlt-.::'J\:;!i~({;.::~tffi!2'tl0 o 'lfE--::> -C, il'1ia0aH 
-i,Jvi, J.!l!tf!!.IJfi-3'6tlxJ.,H.Fte!l!tf!llJflH611R:t fAl~(::JE~T 0 o ~§°T:h!::L itta~i.=. '1/ Hi, 
7°01/ i 7 :7 t ~, 'J ~-=f.fffl:Hff10)J'e~$t-·:t 6 Q 

[ 0007] 
-j-ft-·, i11iifliJ,i',Jv"?{i:'lctm:t::U-1'f.fffl.ttf-J.:l)'i'ffl~ • 0tL6 C::. t :/)>~ t '◊ R--::> 'Z., *IF-'rFei t:: 

;bt-.:--:i -c Wl*o>m~ •x;ii!ra~tc'ht-.: 1)' ~i&(::~c ht-.: 1) T-t> t' ?{:iia~J 'Cf,JvO)i!'icfoJ~:/J> 
J,..;,(-:Ja:-'§t!tt: I), fi7t1'1Jt:O)fi7ti:~fR*H:i:/J'f.!frLt: 0T67£i:::', -fO).fffl'IJ~:/J,~L, < f,!:l_ 
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~tin'"( li -3 0 -f 2:. ·c' 1fta8a 7°01/ .I. :? -;, i::!:L ifta~l=- '1/ }- ~<WWT 6 t.::Y:>01wW-'f:. 
fj)Jii£tt0n n 1 6 0 .l,_:},T, iftla7°01/ .:r.:? Yt::i£tt0nn 10{W::/;f1-'f:.)j!;(::-:i1.,,'"(ill < 
~Jl.aJJ-t6 o 

[ 0008] 

l:ill2 0 (a) !:L -ma.\J~iftla7o:,;: .:r.:? 7' 10:>'~ill.JJ;,f1J/.l:IBT,r0J, ( b) t:J:[fq.'~MR~ 
~ ~T .$,l-t~l:IBT· «> 6 o £ t.::, l:ill 2 1 U:, l:ill 2 O ( b ) t::~-trqtJH\ll'iii ~ ~:rtB.\J t::~ Lt.::-'¥ 
ffil:ill-C";/t) 6 0 

[ 0009] 

l:ill 2 1 t::~-t ct -3 t::, ii'licr"t 7°0 S5 x. :? Y 1 O)~f,tqi;J t::t::L ii'licr"b:i- :-::. •;1 t- 2 ~ 5tifl1J.sf1w-t 
o t.::Y:>0,wW7 I ✓ 3 t.'Q:<w-;,-·y t- 4 t 1ii£tt0n z1., 1 0 0 it.::, :rtWll 5 ~5~tu.;,ww-t 0 
t.::Y:>O)<wW7 I:,, 7 ;1;i,i£it0n n,◊ 0 ::- t:, i::, ~µf,;rqO).'Q:'A~5nrJB.\Jt::~F'A L--c~Wll:i. 
=- •:,, t- 6 ~~<irW-t 6t.::Y:>0~F'A7, ✓ st ~£ttt:,n z1.,,6 o 

[ 0010] 

l:ill 2 2 ~~~ l --C, <WW7, ✓ 3 &U-.'Q:.;,w-;,··:7 J-- 4 t::J: Mffa~l=- '1/ l- 2 O){WWJ'J~t= 
--:i1.,1--cJ'ifil,;B.\Jt::~JlaJIT60 l:ill22 (a) U, <iW7-r-::.,·3&Ii.'Q:<i:YYJ,40)·5tt!~*lHll:ill 
' [n]l;ill ( b) Wwt;[Jj).O)}fit:n~~-t~:rtl:IBT'il06 0 

[0011] 
l;ill 2 2 ( a ) ( b ) (;:~-g J: -3 (::, .AJJ;ffJ(U{j:rr;:f'oc 1 1 , ift~F'\ .::(Jv l 2 & U' /f:l!l)tfJ(Ufj :rt; 

;tJx 1 3 ;1;i,t..,fflff.ltt: n0iftB8B2=- •:,, t- 2 i:t, R;c 1B O)e:rt..=· t t=~!.Ht t..,n --c t:.l 'J, -fn t.., 
11iJ1B2=- •:,, t-fcfO)r1Jt::, .'Q:<w:7··,y t- 4 O)n±t±m 1 6 ;1;ic;wc1l!!'.::-n z1., •-ti 0 

[ 0012] 

.±.t::1:m22 Cb) t=~i"'J:'3t::, <iW7-rY3t::J.:-J--c1=.hW::-nt.::7-rY.iK& oiw 
m) 15!:l:, ~<ty··:1t-4~:im-:i--C~1~1if:?J--40)U±t±:l □ l6iJ>t::, □X2-l±li"o o±te □ l 

G i)>t:, □xt:- te lt.::<f'i'WM 1 5 !:l:, :.,g.ifta8al=- '1/ J, 2 O)rJ'JiJ>t:,:.,g.ift~l=- '1/ J, 2 (::{~*~::, 
ho O ~ii'lia8al=- '1/ )-- 2 t::{~Pa::-ht.::{i\'"WM 1 5 !:l:, ~:i.=- '1/ }- 2 O)}.JlftfJlHi:rt;f!x 1 1 ' 
ift~} \ i,Jvl 2 &U'teJllt(Jlljf,li[:rr;;f!x 1 3 O)f's'jO).'Q:f's'I!- }Hi~ l --C 1::.1n::t1,Jt 0 0 

[ 0013] 

2:. 2:. '""('' Jlr::q:.0)7°01/ I.:?-;, O):fljffl.JB]t[j_O)g;~{U::J;G t, '"(' ,j,j'HI::: - ~i'rl.Jl'.{1:::0)~*;/){ 
~i-:i'"(V160 2:.0)J:j~~*t::J;G,z.6t..:Y:>t::, 7 ✓7°t±:\:fJO)fnJJ::.c:*~'fr,1 ;z U1ila 
1=-•1 J--) O),J<1f:Hl::iJ\1tY:>0nz1.,,60 -fO)ma:Wo, ii'liB~:i.=-•:,, t-A...J.Jtti"6:rt0):rt3R:WOC 
i)>m::k l, iW:~1=- '1/ ), ~ttff.ltT 6ifZBRBr,i,Jv' J.JlltfJlUf,i:rr;;f!x&U'WJlltfJlljf,i:rr;;f!xO)~Ji, 7l1f 
!:l:J::.~0)-~~t.:: t:'-:i'"(\,,,f, 0 

[0014] 
-1JT·, ffi~Ji,7ilfO){B;~t 7 ✓=- ✓fJ;z J--0)!11J~~§Bf.J(::, 7°01/x;;'?'O)~~ifrdl:: 

O)~*ti<Xffi(;:~£ ".)-:,i-:i;/t)6 o 7 Y7°Y:~ffl\r:1°cr~Mstt!:f, iffa~7°0> .r. Y ?'O)~-rr/IU, 
3:.f::i&a8a::L=- '1/ }- O)~iftft::{t;:11'-t ◊ O ?fta8al=- '1/ ]-> O){i\'::/;[J-'f:.f)l:O){i\'::/;[J'lf~:tJ ~ ~Y:>--Cifta8al 
=- '1/ )-- O):TJ'ifrfHigi:r-t 2:. ti){'""(·~ ht:L i&1It7o 1/ X. ;7-;, E[µf,;O):TfiftfH!H:f-t 2:. ti){'""(·~ 
◊o 

[ 0015] 

-~t::, i1i~1=- ·1 J,0)<4rW.c¥-H!:t l '""C.'Q:{4r1J:EtH*ffl-t6:tldt, {-O)<i\'"W'lf~:tJ~~/lb 
6 t.::Y:>t::t:t, 14rW7, ✓O)JZffiJi:~m11u::--tt--c' {i\'"::/;[JffiO)ffiJE~ J::.ti ,f,&;,~i){&) 6 0 lb· 
r_,~;1;i, r:,, {#.W7 I ✓'O)@J!f!i:tx!-1::.~ ::--tt--c J21m:1: t·m11□ ::--tt 0 t, {w.tn7 I ✓00mt1ft5i 

~i.,m1Ju-t 6 0 :;t 1:::, {i\'"W7, ::,,~::kff11::: l --cmJil:1:.~m11□ 0-tt 6 t, ~1l!!'.iJ~::k:i:i~•H1::: l --c 
Li -3 o 

[ 0016] 

it.::' <4rWffiiJ'<#Wx1;f!;t::i{h '""[-'ffr(::t:mno ;t~,g- ( ~t:m) ' -'ft':,_J~fi:~*':l:ffiJEO)-'F 
1Jf1H::J:l:01J L., <il'WX'f~O)i.lfu!l'.J::.M!:l:ffiJE0)-'¥1Jtlt::ocJ:l:f71J-t 6 ◊ frh --c, <il'"WX'f~O)ilfu 
Jl'.iJ>il0 6ti0Ci '""('{B;T-t 6 t' ffiJEm1Jut::;tt-t 6<il'"WX'f~O)ilfu!l'.{fl;TO)~)j'.i)>l'H < ~6 0 

[0017] 

l:ill2 3 l:.:, 0.8"-tt1 ;(crAma0aJ'\:i',Jv ( 5000lm-25°Cffi~) cTJjJJ11=ilfu0CcTJ)E.Jfil{At'¥11t!¾icTJ 
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~{ylJ~~To l:Rl2 3 J::: "L i1ia8sr,i,1vilJ{tilllrll'.~70°Ch0 060°C£ tT/f {S;J-a,ift::!:L :;,ww 
M.0M~N- 5m/s:0°08m/sA...tjg~~-lto t~·wcJ:: li•h"< 60°Ch 0 050°C£ t·Ttf ota,if(::t:I: 
, ?irWM0M~~8m/s:o'(, 18m/s£ t·~~~-lt~fttd:f~ t.::,~1, 1 ..: t h'°h:0'0 o 

[ 0018] 
UE--:i T, itta8s::L::. ·;1 r- v')ft~-®ft ~ l:RI -iS t-::/lb (::, ii'tB~::i..=- ·;1 r- 01/J{tilili.rn'. ( 1;§,(::ittBsBr, 

i,JvO)~{tilllrll'.) 0 ~ t:,~ o {1£~~ m~-t;:1-J;if, ?wWM0MJE~t,i)i/lb--C~JEfL L~!Jhtf 
~t-:.~li •◊ Lh> L, t%WJl\l.0Jl\l.JE~~JEftT-iS t, i#W7, 1/0i/Jf1=!Hl:if0i1'1::k'\"~@'.0 
::f;:~fLHB< ~:0%0..: t UJ::3£0c H i'J t·ib0 o ~ t:it::!:L :;,wtrJ7, 1/0i1Jft!,iif0tjg 
::k'\"~@'.0::f;::31':Hl::.~t'FY: Lt..:: t L 't' t, :;-4rw1J~:1J O)foJJ::.(::!:l:~NW ( ~:;-4r~NW) ::6% 6 o 

[ 0019] 
..:11.:t tti, 7°0:;;: x.,::,-;;, 1a¥i::t7iBsB7°0:;;: x.,::,-;; ~{71H::t,, --c~-=r~n0:;-wwt::rm L 

T~Jl.SJI LT~ tc:: o Lf.P L, 7°0:;;: x.,::, Y J,.:l;\'H:: t ~~$~f;'.h t-::~-r~n!:f§;Jj(if:([ LT 
:b 0 , ':1:'i~tr~-=rf:tUi0·t1fJ~rtrJJ::.-\.-orJ?:ffi1t11.,110$1ffLt::1+---:i --c1}J$a.\J~:;,tw-=f HW:tlib th 
-n I 0 0 {ylJ ;U:L j[{:q:'.v')J ',-1/ T W:1 ✓ e ;z_ - y (:l:i~i't1fJ~~rr~iwlBl!-l'£~@'.~ rq~ LT 
H i'J , +0r:f:!~ii&Jl:Z!1J£~@'.!:l:, .-f vJilJftr:f:il::~i" §'ei" 0 ◊ ~1J, r:f:i~ii&Jl:Z!1J£~@'.0P:' 
5E L t-:: ilJ{t ~ litH~ -to tc:: lib(::! :l: , ~$.:Z/1l'£~'@'. ~ :;-wW LT ilJftiliitll'. ~ Jf.Jr5Einlffl rq t::1%ff'.1i-t o 
&:-~:O'&) 0 0 

[ 0020] 
J,.:tJ::.0J::: :i ~1kffMT, ~-r~n~~J}J1¥t·:;,wW-t 0 tc::/lbvJ-'ff-10~~:o'J@:tjj' t ~ --:i T 

\. 1 00 +..:t·, 1a¥~'FXmkl (::!:t, §'e.~"fJ\17-.0)~~ooi:::;-iwfjT[,(¢~{.jHcftT-ti-¥-f9:HiilJ 
~.-i±-o..: t i::J:::,, --c, :;,iwi.mt¢011lim:~ J::.ic¥E~ll'1H::1i¥&t-t o{fitfJ~@'.iJ'licl!t~:h --c 1i I o 

[0021] 
it-::, %~'Fxmk 2 (::tL ifiBEIB::i_=. "/ l, ~tlnt-t -iS }',:'(,JvFs"l0itiFs"l(::r'iLim¥e.~-¥-H!:~~9:(t 

, mi:Fo"l~il:h-t>{'fftfJ.il(::jliU.m~§'e.~~-it--c:;-wwJ}J$v')fn]J::.~1:Rl0..: t ::O'licl!t~:h T 1,, ,f, 

[ 0022] 
it-:, 1i~txmk3t::!:.t, ~-r~n~:;,w:Wi"'0t-::/lb0:;,i:woo.0~~~t LT, ?&'.:fl~ft~ 

v');t.0 1/7°::b'i'~~:h-n,,f, 0 ~ (;.(::, [c,J::zmk3 i::u, '.g::;jJ.Jtfl:'..~;t~1/7°0,~IZilJfflli$:JH.--ml:Jm 
11::--t ,t, ..: t i:: J:::,, --cnX~x}J-¥ ~ fo]J::. ~ -it ;s ..: t tJ,rntjj~ n --c ~ 1 ,f, 0 

[1;H'fXmkl] 1;!r002 O O O - 2 5 2 6 6 9"%1}¥ff 

[ 1a¥~'f Xmk2] 1iJ~ 2 o o 1 - 1 2 5 o 5 7 -%'.!}¥ff 

[%~Xfi3]ff~200G-2999G2~1}ffi 
[ §%SJ! v');j~] 
[ JE_SJj;o'>/!fiR: LJ::: :it T 0~@] 
[ 0023] 
?t:Wim:P1;;01i¥&t-¥-WHiilJ~-itnt:wm i'-~ilt T 0 tc::/lb(::t.t, 1i¥&t-¥-WHnilJ~-lt o 

.~IZilJmtmfJ{&;,~c.~6◊ Lh0 L, ffitc::~tlZilJ~m~*1.JDT:h!L ~ffi'.v')j;;~{L'\"~:17-. r­
fl::NH< o itc::, ;,<t.J=.t.J1v~.~iz111~m~*1J□-t0..: u::J::: ,,--c, ~-ia~t¢01i,1i't:1h>f1£ 
T't-t>~l>t)-iSo 
[ 0024] 
t1!Eflii=- •1 t· ~m11x.-t 0J',i,1t,FB"!0~J!,:FB"lt::r'iuueI:t-¥-WH£tt 0 c, .iffimfl£vt:o,m1.J□ L 

' iWW~)J$iJ~11£T-t o~iJ% 0 0 J'j[~f'r%:tL r'iU.m~~-¥-f.9:0::k:~ 0, M1.k, mcm:~ c· ~ 
JRJ:fil{l::T 0..: t (:: J::: --:, T' J::.~c{fi:t[JJ}J]¥v'){i£T~ @Ji!fft•~ 0 nJ~t·titl:ib 0 0 l_,;b> L' J::.~c 
01 -'i ~JR3@J9:l!Ht~1r;11H::U:'11'-',lji,'t::IB1iltXib 0, m=].~a.\J-c&:>b Q 

[0025] 
{wwoo.0¥E.~w1c L--c0?&:ff3tfL~;t.0 1/7°U, 7, 1/t::J:t.rz--cttEE:o'*~ ~ic 1ii :i ;,( 1J 

'1/ J---fJ%.f,---_Jj'"('·, *Jilii.;o>:'J.,'~<, ijj_fffJ'>::f;:~ \i•c l,1'3'f';,( I) '1/ r-::O'&)O O £fc::, $< 
v')~Tmt::ttL :;-itnoo.0¥E.~~c LTUE*fJ>(;, 7 I 1/fJ{*ffl~:h.-0 1 0 0 J::--:i--C' {Wtn 
Jil,cTJ§'e.~Wi!~ 7 I 1/::b>G;t.0 1/ f(;_:~~-t ,t, (:.:!:t, !t::$:8':J~~£~t~~;b{£,~(;_:/c(',f,t~it-;o'i'$ 
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~T~*O)<t'Wt=~<t'nS't!-r%fflT o ;1-~i't, <t'Wfi~:1J"'?<t'WJJJ*J,j,7~0)ffi:~~~JMO) 1 
"J(;:Jm.~0r□'JM/Jt2tl) o o JH4'i'r.\J(;:!J:, <il'Wxt~(;:U):~ f,W G:ho <il'WJil.(;:Jm.~iitiH.A l -C. 

i,, o t , -cO)Jm.~iJ'1wwx1*0)*oot=11=li-t o O ~m~niJ'i&B'117□;;: x.? :-7 T'iti) o :t~* 
!-01H= J: ") l J'!{:il:;;i'r.\Jt=!Jt□Jl-th!L <XO) t l:i ".) T'iti) 0 0 1wWJil.t;:Jm.J$1;i)>iJtJ._ L n' 0 t ' 
iJtA Lfc::/l!:fx;iJ>iTftB'1JJ'(;t,JLoO),nTI'iJ(=11=liT O o 1a¥t=, IZl2 4 (;:jf;'9" J: 'J t=, iTftB8B/\-'7'JLo 1 
2 O),nTI'iJ 1 7 0) '3 i:=-.,, :3\:;~:irl'HlJ!~ 1 8 t=•~iJ>11=liT o t, -~O)~iJ{ 7? 1) -✓ J:J=it 
~~h -c. L .it ,J®{ftr:i"h~~~ L < ;t;1l::.~-1:toJ#;iJ>2tl) o o 

[ 0027] 

~,.: T·, :iff!'ffi'O)i1ft:B'117"o;;: x.,:; :-7Tti, ti':lii:13B:i=- '1/ r-O)<wWt=mi,,o<tW7, _;.,..,O)IJ&m 
$t=, ~<t):t·,y J---. p'qA,,Jm.~O)iltA!-@J.i!ffTotc:li:>O)fl:tJJm.7 -1 A'.>'iJ'~i:g~h -C.\- 10, lb· 
L,j:-iJ, G, fit{:il:;;O){-t!!O):iff!m □ .C.:.?ltfF'ai~:'l::·iJ, G!m..1$1:iJ'~<tY'··,:; r- p'qt;:f~A To t£,i'i- t> § 1z «> 
".l , ~ffl™~t= J::: ") -c. !Jflnlm.ifT-+1-i'-~ -7-7, l.,-=f,f;!;! ~ ho o 

[ 0028] 

::$:JBBJltJJ::.ic~m=ilh-c.~~ht-.: t> O)T·zli> 0, -cO)§i'r.\JO)-":)tJ, 1tmmO)JB1::.:i))Jj.t 
L -c. iflffl 0 7 , >-0 ~ ffl i, ,":)":), <WWJJJ*O) ~ G ~: o [P)l:_ ~ 1Z1 o ,.: t T· t) o o § i'r.\JO)ftf!O)­
"J!J, <4rWX'f~0)*00t=11=li Lt-.:Jm.~~ <4rWMt= J: ") --CJJJ*l'I.\Jt;:lff;-$;-t-b,.: t -C'.iiti) o o 

[ ~M ~ l!fiR:T o tc.:/i:>O)-'f-f1] 
[ 0029] 

1:.ic § i'r.\J~~JJX.-t o::$:JE6Jl!J, ;-iwx1~i=x1 L -c. IDKi/JJJX.1-i'-iJ'11 ~~ht-.:<tWM~1*ifit-t 
0,.: t !-~Ml'!fi:k:-'ft-9:0)~:,js;J.!JfJllU::To t,O)T'zli>o O ~mlljfffL oiW:iK®.D t=IDKi/JfixJt!­
~j_t_:JlJKi!JlljiffL(;:J::: 01:.mt~:hoJWl:_!tji'r.\J~i:m:niJ,t:m:ft:;;r:f:l~:iff!~T o t, -fO)JWllffii:m:f:ili:t=~ 
[;'/Jili'[0)1)',;z 7-JvO)rfiLh ( rliU:m:i1\lJ) :i)>!~~ ~ ho tc.:lx':>, JlJKi/J[;'/Jili'[Jj:--'?;Jfil~it= J: ") -C. ~!l!~O) 
~1i:ff1a¥'1':1 ~ff; L, J.t.i, ,iJ!~T-~{i:ffJ»*iJ'~:itt-t o o £ t-.:, H!Ki/Jftx.71'-iJ,11 ~~ht-.:, -t 
~~-:it:_), JWl:Jtj~.\J~ JE&~i!J t 1±:h~i!J t iJ,~x_ Ght-.:<4rtl1Jil.!-<4rtl1x1~t=1*f~T-0;::. t ·e 
, <4rWX'f~0)*00t=11=li ltc::Jm.~iJ,JJJ*l'I.\Jt=lff;-$;~ :ho o 

[ 0030] 

~ c:::. -c-·, ::$:JEBJlO)<wW~tllu, ~Tfflff r'l 0JE~mra.--~<t-t o <tW~tlf-c-· it/)") -c. , -1wW 
M~JE1:.~-tto 7 7 ✓ t' Wiic.7 7 _;.,..,i)>J'E1=.~-tttc.:Wiic.-1wWM(;:JlJKi!Jmt1-i'-~11~T 6-'ff~ 
t !-l'rToo 
[ J'EBJjO)~}J*] 
[ 0031] 

::$:JEBJJt=J:::ntf, ~Tmi*r'10)JB~$ t=JlJKi/Jllji.m.11::~nt-.:;w:mmtJ,1*iYrt~ no O)t·, ~ 

1i:~xJJ:?¥:iJ'[P]J::. L, -1wWxJJ*iJ,~£ o o £ t-.:, <WWOO.~JlJKi/Jlljfjft: 11::T o t-.:li:>t=, ;,,< :IJ =-:IJ 
1v,j:-nJi/Ji'm--'?tii/Ji'm~i::,~t L~\-,O)t·, 1§"ll!J!'li.O)~i,,*filli~<4rW~illHli*T -tic.: t iJ, 
-c-·~ o o ~ f:,t;:, IDRi1J~iffL{l:'..~htc.:<tWMiJ'J'E~i'mt=1iifit~hUt*, <tWMt=J: ")-c., 
J%~$t=i1=lil --C\- 1 0Jm.~~ll#;-$;To c.: t t> -c-·~ o o 

[ J'EBJl~~:fjf!!T o t_:/i:>O);ft~O)Jf:;)t&] 
[ 0032] 

( ~ni!!IDJ'L& 1 ) 
-1xt:::$:JEBJJ0)-1t.t11~tlfO)~nf!!IDJti:.O) -fyiJt;:-:) ~ ,-c. !~BJJ-t;,:, 0 *~nillIDfi'J0)-1w.t11~tlltL 

14rWMl~Je1:.0-tto 7 7 >-' t, 7 7 ::,,(;:J::: ":>-C.1:.hte0:fli:::lwWMl~~Tfflnp'qO)J'E~$ 
£tc:!J-c0Jlf:1,:g;t=~< -1f? r- t ~0,~< t t>::ff-to O 7c l--c, 1:.ic;,··;, H=, tt.f? r-r'l 
~:iff!~ t i;twm (1-◊:-J.T 17, _;.,..,J:zMJ t U¥J::Jti'ii> it/) i O > t=IDRi1J~~x.. -c. IDRi1Jllji:m: ( 
Pulsed Jet flow) c T 0 f-f9:iJ>~£tt(,:h -C. l 1 0,.: c ~1;§,f;;& t T 0 o 

[ 0033] 

::$:~ni!!IDfi~-C-U, 7, _;.,..,J:zJil.t=IDKi/Jftx.71'-!-11~-t -6~ 10)-'fffit l -C., ;,··,:; J---.0)/H □ t= 

j¾U,!V ;(1viJ>~£tt Gh n 1 -0 0 j¾U,!V ;(;J,l;L 1a¥5EO)JI!iffi:fi-C-'7 T _;.,..,}X,@J.!-j¾!lri2---tt0;::. 

t t::J::: 0, fillrliLJJ.£71'-iJ,ijj1!iLtc:j¾u,~11;:t:m~1=.JJx. ... to O IZI 1, 1Z12 ~~mtl-c. J::.~cj¾°-~/ .:x..· 
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;H::"? ~ •-C~fif:111(::~JtaJl-t -b o 

[ 0034] 

( 7) 1a¥~2008-292743(P2008-292743A) 

1211 U:, ~O,!V ;;(;t, 1 9 a O)tiljff.Jt~~T~5't121t•;b '), (a) !:.l:lffi00121, ( b) !:.l:iHI 
lffiUITl2I-C··;b0 o :t 1-..:, 1212 !:.I:, ~O,~/.:::Z";v 1 9 a 0){1=ffi~jf-9:ffl;5'tl2I-C·;b '), ( a ) W.t 
~O)t-:::liN::ffl~ Lt..::JM'ffi'O)/ 7~)t,,O)lffio'a121, ( b ) ti.ttO,~/ f;l,, 1 9 a O)lffio'a121t•;b -b o 

[0035] 
~n,~/ .7~)[,, 1 9 ati, y""? J-. 3 1 aO)/±l □ fiqfflH::~~ttt-:,;h.t..::tfn O);:,t lJ 7 1 7,7°v- J-. 

2 o a c , w; 1 O);:,t 1J 7 1.77°v- 1-- 2 o a J:: '? 'L TifiH!!IJt::~~tt t:,nt3~ 2 O);:,t 1J 7 1 .7 
7°v- t- 2 1 a c, xcffoJT 6 2 t:RO);:;t lJ 7 1 ,7.. 7°v- t- 2 o a, 2 1 a O)Fa'H::t~tt G::h.t..:: 
~o,~.¥: ( s§.ii.;J.'.@:ffi ) 2 2 a c iJ' t:, tiliff.lt ~ tL n-. -b o f#J, ~o,~.¥: 2 2 a Cl) TI[ff2SH/~ ~ ( 2 
tJzO):;t 1J 71 .77°v- t- 2 o a, 2 1 aO)Fai~) !i, ~o,~.¥:2 2 aO).'.@:ffiiJ,Ji.Jr5E.'.@:ffic ~ 
0 J:: :i (::;;~5:E~::h. -c~ i.fi 0 

[ 0036] 
.tt o,~ / 7~A, 1 9 a t:: 7 -r ✓ mM 1 5 ~ i%..7-.. ~ -it -b c , 1212 ( b ) t::5f--t J:: :i t::, M:ifil-'? 

1;i";10):;r lJ 7 1 .77°v- ), 2 Oa:BJ::U"1;r; 2 O),:;r lJ 7 1 .77°v- ), 2 1 aO)~D1:¥, ;b6 ~-. 
!ij¾0,,.¥'.2 2 aO)s§.}lnJ.z;'.flH::J:: '?m5E~::h.0Jl'r.lim:Itt·mM:01j¾;Jm (j¾o,') L, 1;i";20);:;t 1J 
7 1 .:::z.. 7°v- l- 2 1 aO)Ti%.f!Nt·, tir1iLJv/jtiJ,~$i~::h.t..::FaiJ.::a~~j¾o,,11;_i;[ 2 3 a ( reson 
ance jet flow)iJ11=.ff.lt~tl-1S o C::O)J:: :i ~JIU/JU!ll:i;[ ( =j¾□,,Uli;[2 3a) ti, Jl'r.llffli%.#:c 
O)f.ffi't · lJt:'ii:z1i'i1:~c!z~ · 1.IE*-t0t-:::n, ~1i:~rJJ:;:µ~2!z~-t0 0 

( ~1i1!tlf:ML& 2 ) 
UT, *~aJIO){#°W~@'.O)~nlli1lJliJO){-t!:!.iJIH::"?~ 1 -C~JtaJl-t -b o *~1i-ai7f:{liJO){#";!;fl~@'. 'L 

, <iWJilk~11=.~ -it 6 7-,- ✓ t, 7-,- ✓ t= J:: -y -c 1=.hW~nt..::<iwm~-m:rmttirqO)Je~ 
$£. t-:::!:.l:.f-0).ilI{tt::~< Y"'? 1-- c ~0-'~ < l: 'L ffT 0 o -f- L -C, J::.ic.Y·? H::, i~y··? J-. 
pq~Jffi:i&r9 0<4'i'WOO, ( 7 7' ✓JZM) l::)IU/Jnt5}~ (t~ L-C)IU/Jll;_i;[c T 0.cf.fJ!::o{~~H G::h. 
-Cl,.fi C: c Na¥:/l&ci"" .fi o 

[ 0037] 
*~1i-ai%1[~-C-U, 7 7' ✓JZmt::)IU/Jff.lt7J\.~{1~T ;sw;20).cf.ffic L-C, 7 7' ✓]Zm~ El 

JIDJcfJii/1 "i: -it 0 tm.#:*rcfJii/JniJ' y··? 1-- t:: ~1 it t., n -c ~-. 0 , 1213 , 1214 ~ ~~ L -c J::.~cim #: 
*r;Jmi/Jfft::"?~ ,-c~~Mmt=~JtaJl-t .fi Q 

[ 0038] 
1213 !i, i%.#:*r;Jffii/JH 2 4 a O)mff.Jt ~ ~i""1~trt121--C· ;b ') , ( a ) !:.1:i1tJllffiOOl2I, ( b 

) !itwlffi00121--C";b 0 0 £ t..::1214 ti, i%.#:*r;Jffii/Jff 2 4 a0){1=ffl~~-tm5'ta~lffi00121--C"il1) 
Oo 
[ 0039] 
i%.#:*r;Jffii/Jn 2 4 a t:.1:, 7 7' ✓mm 1 5 O)Ti%.f!!.1Jt::rnJ/t-C{X1;i";l::~Of.¥.iJ'ml1J\T 0 ~f 

? 1-- 0)/±l □Wc, ~~t±:l □W(:::ilJ~~.h., Ti;[{![IJ(::rnJtt-C<xw;t::~ □1.¥.iJ>lJt:::kT .fi / _::(;vW 

C' t±:l □Wc: / ;;(;1,Wb:?)~;;~W7J\.~Jf:i ') [!:lltJJ:: :i t::Jt';ff.Jt'2:-.h.t..::~yf:;O)f? r- l: t::J::-:,-C 
mff.lt~.h. n•0◊ .L-::ffO)~Jl.BJI-C-U, J::.llct±:1 □$~ 1 y··:7 HW~m 2 5 a J , /_:;:(;vW~ 1 

Ui/±l/ ;;(Jv2 7 a J , ~j80)y··7 r ~ 1:i!*a:>'··7 J-. 2 6 a J cll'¥J.::, 
[ 0040] 

;,··7 Hl~;n.□ 2 5a!J, y•'?r-31 b0)-$t·;b-:,-C, Ti%.fJ!.IJt::rnJtt-C{X1;i";l::~ □ {¥.;o>· 

~1J,-t {J J:: :it::, 0-'~ < c 'L xcfrnJT {J 2 "?O)fiq:!g_;o>"Ti%.l!!IJt::rnJtt-C1Xf:Bl::ili:ti-t {J J:: :i t:: 
{l;U1Lni00 Ui/±l/;;Ov2 7 a!:.!:, Ti%.fJ!.IJi~rnJtt-C{X1;i";t::~□ ffhqJt::k-9-f>J:: :it~, j;· 

~ < c 'L X'trnJT 0 2 "?O)fiq.!1£.iJ'Ti%.{J!.IJt:: rnJ/t-C {xw;t::lli1W1c1"JT 0 J:: :i t::{l;J[:j';f L -C 1., 10, U±t±:l 
f:Z'Jv 2 7 a!±, y·7 J-. 3 1 b 0)-$--C·i!')-:, -Cb, y··7 J-. 3 1 b l:5JIJ$:.j~""("ir)-:,-C 'L J: \,i 
o :i!*a y··? 1-- 2 6 a c, y··? HJ~m□ 2 5 a 2SH/Ui/±l / 7~A, 2 7 a c O)Fait::!i, 2 "?O)ifjlj 
offt11D28a, 28b:/:i{_fflg~;h-C~io" :i!*aY?J-.26a!:.I:, ffirJ:fftPD28a, 28b~-f)­
L -Cy·· 7 Hl~m□ 2 5 a&t/Ui/±l / .7.:"!v 2 7 al: J!J][ L -C ~ •0 o 

[ 0041] 
c:= cT) t f!!., 1:f€:n!-r 0t%.#:EJIBJJtl.riiMf~1:_-r 0 t-2:nt:.:i:.1:, 1213 < b) i:.:~'9-:Y:7 HJ~m □ 
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( 8) 1a¥~2008-292743(P2008-292743A) 

2 5 aO)JJJflli~□~i a c, O±lli/ :(;1,2 7 aO)IJWf~~□~ib c O)ccf-;$;.l::l::b>b > 3 a c ~-ti 
;:_ t iJ>5k{-tt ~ ,t, 0 

[ 0042] 
-1xt=[Kf 4 z-~~ L -C, iti\:i4'*-rt®I/.Jn 2 4 a c1){tffi Uti\:i4'El!WJtlil/.JO)~~> /1 ::..::(A) 

(= ~ \, 1 -C ~JlRJIT -ti o 

( 1 ) ·:'f:J }-;/1~,m.D 2 5 c1.;l)>bi1iilli U.::~im: ( 7 Y >mil 1 5) LL ::rr>::fy}JJl!:l::J:,:, 
-C, O±lli/.7~)L,27aO){l;Jl.iftLtc::rtqmO)~JJf=ifh-CJl±iBHT-ti ([Kf4 (a)) o c::c::·c, 
:17::,.,y·yJJ:m:U:L ifit::h0)$(=tr@~z-m'< c .. ilit~U@~O)mrn'f cO)f'siO)fE:1J;orf,1£TL .. 
ituu,moot=ti&V1i&-i::U,:h, -'fO)tf"@i*(=ifh-CiJTt::hO)ftrJ2- iJi'~;b,t, ilil:{*OYt:1i;tz- ~) '.) 0 

( 2 ) C:: 0) c 2- 7 1 >mil 1 5 iJ{Jl±iBH LtdJ!tli= .. x > }- v-1 /)'( ✓ }- (~2- :il,7,,.) ;or~It_ 
L .. 7, >mil 1 5 0)/l±iBH~,R ( iliiJtw □ 2 8 a) t=.ilf:\,,~*e::V:7 }- 2 6 aO):;!c"f71\.0)fEjJ 
;o'>f~TT-ti ([Kf4 ( b) ) 0 J,.:ffO)~J/.1:IJIT'ii .. [Kf4 i=:Jf;-t~*a):i':7 }- 2 6 a0):;!c"f71\.z- I 

:;!c{!{IJµJ{fmAJ .. i=r-'-f'.71\.Z- 1:i'=rfJ!ljµJ{fmB J cl1¥J-:: 0 

( 3) ~*e·;f:7 r- 2 6 a0):;!cl'=i"T'EE:1J~;l)1-Jt':ti""-ti t .. ~*e:7·:7 r- 2 6 aF-90)~~\.U .. 1E 
EE{!{IJ (l'=ri.!!IJ'rl.EiJ~B) iJ>bJ'tEEfJ!lj (:;!c{JliJ'rlR~A)A..iUL;iL,U ([Kf4 ( C) ) 0 

( ,1_ ) ~miJ1l'=rf!liJ'rlJifm Bi.)>½ :;!c{J!IJ'rlJlfmAA..iJTt:A -t ,t, t ' c::.n.t ·cJ'tEEt·i!f),:, tc:::;!cf![ljµJ(fmA 
;o>l[fE C ~ ,t, 0 T ,t, C ' :1 7 / fyJJ!IH= J: 'J Fm 8±1 L n ,tc.: 7 J / mil 1 5 O)iJTt::h;o>O± lli / 
;.Z:-;v2 7 aO)pqmiJ,t11l2-!RIJiJ,~:h-ti ( [Kf 4 ( d) ) o 

(5) -1X(=, ~*e;,··7}-26a0):i'=r{J!IJ'rl:&tmBiJ>{~JI(=~--:,-C\,•00)'t'', 77' ✓mill 5iJ' 
ti&5l~:h .. [<,Jt,< :17::,.,y··y}J:m:t=J: 'J, 7, >m.®11 5iJ>O±lli/.7)1,2 7 aO)rnJt{ffljO)pq 
m~fil,:,-CJl±iBHT-ti(l:Rl4 (e) ). 

c 6 ) .L-::J. Ht- 1::.~c.JJltJ<O)* 1J 3JE u= J: 1J .. 7 T > m!3R 1 5 !it® 1J -=f-0) J: J t= ti&I/.J L .. 7 T 

>mmi 1 5 0){1UfriJi'*l£~T ,t, mt 'J El!WJt®I/.JiJi'fi'r~ci h.-ti ( [Kf 4 ( f ) ) 0 

[ 0043] 
C::. 0) J: 3 ~I/.J{tJJJJJ.lE(=~--::5\, ,-c, im~*-rt®i/Jn 2 '1 a z-Jffi~-t 0 7 7 ✓mil 1 5 t=!i 

.. ifii.~ El !WJ:Jmi.M1~1:t L, C:: h.t:J: 'J 7 1 ::.,,}XJiU 5 t:JIJKi!Jnlt:frb1ft 1¥-~h.Zi" 
[ 0044] 

raj, ~*ey·y r- 2 6 aO).JB:f.k!i .. ~*e;,··y r- 2 6 artqO)~~W~tW:7 r- 2 6 aF-90)JI:1J 
~i=~~L-C:f%i1J'iiJfl't~.JB:fxT·ifiJ:htfJ: < .. ~.JBi:~Jt,i:'~:h~\,,Q fylJ.z!:L ~MW:7 r- 2 
6 a!i, p=!)Jt:f.k-'fO){-(gO).JB:f.k't''ifii,:,-C'l, J:\,•o 
[004~] 
t c::. 0 T·, [Kl 5 t::Jf;-t J: j t=, [Kl 3 ~ c· t=:Jf;i""Jl;*e:f· :7 r- 2 6 a O){i;:b 'Jc=, EE~*-r 

2 9 z- ffl\, i-C:;!cl'=rO)ifiiJ:/lIIJ □ O)AfEz-iliiJ:/lIIJ-t oifii.~*r;JJNl!J* 2 4 b iJr~ b:h -C \, io. c:: 0) 

J: 3 ~ifii.~*rtlil/.Jcn 2 4 b ii .. [Kl 3 ~ c· (::Jf;-tifii.fii,;*rtlil/.Jcn 2 4 a J: 'J {;, :17.. t- i% (: 
~ 0 C \,' ') ::;:-·;;< 1) "/ r-b1ifii 0 ;Q' .. Jj\~ ft:o'riJl'!t"C'ifii 0 C \,' ') ;,,{ 1J '1/ }- t, &) 0 0 

[ 0046] 
c::O)J: :i i:im.fil,;*-=r:Jffil!J*z-ffi\,i-Cim.fi!,;@!WJ:Jffii11Be1:t~--it-0.rniit11ii .. 7 1J •;17°7 □ •;t 

7° / :.:(,vc L-cmt:h-c:f::3 'J, :7 1J-> ,v-bO)x. 7':/.y'7-~c'c L-c~ffl1t~n-c \.i 
-bo 
( ~»UfliJ 3 ) 

.L-::J.T .. 2js;:9eBJIO){#W~ii'O)~nl!l.JBJ'l'JO)fili{yiH=~\, ,-c~JlBJl-t 0 0 *~»l!l.JBJ'l'JO){#W~m' i 
, {#.Wffi!·:9e:1±'_ci--\i-0 7 7 ✓ c .. 7 7 ,✓'(: J: ·") -C 1:th-lli~h.tc:::{#tPilz-~Tmi1~pqO)~~ 
$l t:::!i-'fO).ilf:ftC::¥1< 7··:7 r- t z-0·~ < t l, fl-9 0 o -'c L -C .. J::.~c::t·:7 H::, ~1:7·· :7 r­
F-9z-JB!J§T 0<#::W.®1 ( 7 7 ✓mil) (:JIJKI/.JJJx:5:HHt 1¥-L -C JIIKI/.J~ifii.c T 0~f1iJ'>~,Q3t (, h. 
ni.fi c:: t Na¥W'Jit too 
[ 0047] 
*~»l!l.JBJ'l'J-cu, 7 r >mmi:IDKI/.Jnlt71\.:Ht1¥--t 0~3 O)~ffic L-c .. 7 r >m.Jil.O)ifii. 

Ji'%J::.(=, X '1/ 1/ r- -::,.,;f~~z-~1:t~--\i-o Wfffi.JB:f.kf~.JB (.=.jfj.JB) O)f□ '1/ 7 iJ>Jl'icii'~h. -C 
1,,0 0 c:: c:: -c· .. x '1/ :.,:: r· -✓:i=~~ui, im.~iJ,iJI.\, ijgg~i=ffi~-t 0 c 2- t:im~iJLfO)im.n 
t m::x-t ohliiJ(:.:JWJ1JW',J(:.::'.G2jJrt 6fJl~ z-1, I'.) 0 f;!ij .. :fo '1/ :7!i 7 7 ✓JZ.@lcTJifii.li'tJ::.i:.:Jl'ic 
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ili¢h n-in!fJ:: <, -YP r--0r97~!:l:Foi.t:i~1.,-io 
[ 0048] 

( <)) f;(f!ffl2008-292743(P2008-292743A) 

~ 6, ~1 ~$ffill --c I. '1/ v t-- ✓:EJl.~~:frJm ltc::7, ✓mm0IDR1J.Jf1::t::-::i1.--i--c:J1.aJI-t 

◊ o ~ 6 t::7G 9 J: ') t::, 1'¥1TUIT%1:kf~:Jf:;O) 7··0 '1/ :7 3 0 a ~ '.>". :7 t- 3 1 c 000 □ q:r,C,,fil!J::J:: 
, I.·1/V OJt~) ~;,··;,t--31 cHlUt::rnJ(t--CWcili-t-bo :ttc::, f?r-31 c0!ffl□Imc:7· 

o,1/:J 3 o a0JJL~tHHllitLtc::'f.rllitFt:ti¢1l.·.f>◊ -t-bt, -:'f:7 r- 31 c01ffl □Imti>0Jlltte 

¢ h-b 7 T ✓m!fil 1 5 tl:' 7"0 '1/ :7 3 0 a O)JJL~t=ffi~T -b 0 

[ 0049] 
{):(;:, ~ 7 ~*ffil L ---C, .:r. '1/ V r--✓fja~O)J's:!E_;x iJ :-:.,--i:·.1-.,(::-::it ,---ctJI.IIA-t -b ◊ 

c 1 ) -Y-:7 r- 3 1 c 0!ffl□ffiiJ'0, Ji;im.t l--c !ltte ¢:htc::7, ✓mm 1 5 i±, 7··0 '1/ :1 3 
0 a O)]Ji,~(;:ffi~T 0 ( ~ 7 ( a) ) o 

( 2 ) 7, ✓mm 1 5 iJ,7··0 '1/ P 3 0 a 0Tll~t::ffi~-t-b t, ~\liL ( J±:1J~IJJ) iJ,~1:_ L 
, -'thni~HllitL~J::.ilil:f_!!_UA,.fi:;fiL--Cli•< (~7 ( b) ) o 

( 3) J::.~c~tL0{:r:.itii, 7·0 "/? 3 0 at :f? t- 3 1 c t0Ft:t"l0llitFt:tiltc::~Ft:t"lr9t::t-:H• 
Z , r.'u p_Jj-l'f]'d'-'t/lli~IJ.J ~ JlvJjlQ/ it1$& 2- -1±-6 ( ~ 7 ( c ) ) ◊ 
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System and Method for Thermally Controlling an Electronic Display 

Technical Field 

[0001] Exemplary embodiments generally relate to heating/cooling systems for 

electronic displays. 

Background of the Art 

[0002] Electronic displays are typically used in indoor, temperature-controlled 

environments. Although the temperature surrounding the display might be relatively 

stable (near room temperature), the components of the display may generate a large 

amount of heat. If not properly removed, this heat could damage the display or shorten 

its lifetime. Conductive and convective heat transfer systems have traditionally been 

used to remove heat from the electronic components in a display through as many 

sidewalls of the display as possible. While such heat transfer systems have enjoyed a 

measure of success in the past, today's electronic displays require even greater cooling 

(and in some case heating) capabilities. 

[0003] Modern electronic displays are now being used in outdoor environments as 

well as other situations where the surrounding temperature may extend above and 

below room temperature. In addition to heat transfer from the surrounding air, radiative 

heat transfer from the sun through a display surface may also become a major factor. 

In some applications and locations, 200 Watts or more of power through such a display 

surface is common. Furthermore, the market is demanding larger and brighter, 

sometimes high definition displays. With increased electronic display size more heat 

will be absorbed from the sun and more heat will be transmitted into the displays. To 

compete with the ambient light from the sun as well as reflections off surrounding 

surfaces, displays must produce more light, which also typically results in more heat 

generated by the display and/or its backlight assembly. 
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[0004] Further, in some applications the temperature may drop well below room 

temperature. Some components of an electronic display may malfunction or may be 

permanently destroyed by exposure to such low temperatures. For example, the 

performance of the liquid crystal material in a liquid crystal display (LCD) may be 

effected by low temperatures. 

Summary of the Exemplary Embodiments 

[0005] Exemplary embodiments may contain one or more of the thermal control 

features disclosed herein. A plurality of thermal control features are disclosed and 

these features may be utilized alone or in any combination. The precise combination of 

features would depend upon the particular cooling/heating needs of the display at 

issue, which would depend upon the type of display, size of the display, and its 

particular environment. The embodiments may be practiced with any form of electronic 

display, including but not limited to: LCD, light emitting diode (LED), organic light 

emitting diode (OLEO), field emitting display (FED), cathode ray tube (CRT), plasma, 

and projection displays. An exemplary embodiment would be practiced with LCD 

displays. 

[0006] One thermal feature relates to an isolated gas cooling system. The gas 

cooling system is preferably a closed loop which includes a first gas chamber 

comprising a transparent anterior plate and a second gas chamber comprising a cooling 

plenum. The first gas chamber is anterior to and coextensive with the viewable face of 

the electronic display. The transparent anterior plate may be set forward of the 

electronic display surface, defining the depth of the first gas chamber. A cooling 

chamber fan, or equivalent means, may be located within the cooling plenum and may 

be used to propel gas around the isolated gas cooling chamber loop. As the gas 

traverses the first gas chamber it contacts the electronic display surface, absorbing heat 

from the display surface. Because the gas and the relevant surfaces of the first gas 

chamber are transparent, the image quality remains excellent. After the gas has 

traversed the transparent first gas chamber, the gas may be directed into the rear 

cooling plenum where it is cooled. 
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[0007] Another thermal feature may utilize the isolated gas system as a heating 

device, either instead of or in addition to its cooling abilities. An isolated gas heating 

system would also be a closed loop system with a first gas chamber anterior to the 

display surface and a second chamber comprising a heating plenum or cooling/heating 

plenum. Heating elements may be placed within the plenum in order to heat the gas 

within the second chamber. As the gas is forced into the first chamber it may transfer 

its heat to the display surface. The gas may then return to the plenum for another 

heating cycle. The plenum may function as a cooling plenum only, heating plenum 

only, or a combination heating/cooling plenum; all depending upon the particular display 

and its particular operating environment. 

[0008] Some embodiments may place electronic components used to operate the 

electronic display within the plenum of the isolated gas chamber. The electronic 

components may include, but are not limited to: transformers, circuit boards, 

processors, resistors, capacitors, batteries, motors, power supplies, illumination 

devices, wiring and wiring harnesses, and switches. If the plenum is being utilized as a 

cooling plenum, the cool gas within the plenum can further aid in the cooling of the 

electronic components, which will naturally generate heat during operation. Further, if 

the plenum is being utilized as a source of heat for the display, the natural heat from the 

electronic components can also heat the gas in the plenum, reducing the amount of 

energy which needs to be applied to the heating elements. 

[0009] A linear polarizer may be used in some embodiments to further reduce the 

solar loading on the electronic display. This polarizer can be used in combination with 

the isolated gas chamber, or may simply be placed anterior to the electronic display 

with an insulating gap between the polarizer and the display. The insulating gap 

reduces the amount of heat that is transferred between the polarizer and the display. 

[0010] Some electronic displays, such as LCDs for example, require a backlight 

assembly to produce an image upon the display surface. The backlight assemblies are 

typically a large source of heat for the display. Thus, some embodiments may utilize a 

constricted convection system to cool the backlight unit for the display. The constricted 

convection system may comprise a constricted convection plate which is placed in 

close proximity to the backlight assembly in order to define a gap. Gas is forced 
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through the gap in order to facilitate more efficient cooling of the backlight assembly. In 

some embodiments a wall of the plenum may constitute the constricted convection 

plate. 

[0011] Some embodiments may also utilize an air curtain device which forces air 

(either warm or cold) over the exterior surface of the display assembly. 

[0012] Finally, some embodiments may use a fluid assembly which contacts a fluid 

against the display surface in order to cool it. The fluid may be a substantially clear 

form of coolant fluid which is pumped through an anterior cavity which includes the 

display surface. 

Brief Description of the Drawings 

[0013] A better understanding of the exemplary embodiments 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: 

[0014] FIGURE 1 is a perspective view of an exemplary embodiment in conjunction 

with an exemplary electronic display. 

[0015] FIGURE 2 is an exploded perspective view of an exemplary embodiment 

showing components of the isolated gas cooling system. 

[0016] FIGURE 3 is top plan view of an exemplary embodiment of the cooling 

chamber. 

[0017] FIGURE 4 is a front perspective view of an embodiment of the isolated cooling 

chamber, particularly the transparent anterior surface of first gas chamber. 

[0018] FIGURE 5 is a rear perspective view of an embodiment of the isolated cooling 

chamber, showing optional electrical components placed in the plenum. 

[0019] FIGURE 6 is a rear perspective view of an embodiment of the isolated cooling 

chamber showing surface features that may be included on the plenum 

[0020] FIGURE 7 is a top plan view of an exemplary embodiment of the cooling 

chamber showing surface features that may be included on the plenum. 

[0021] FIGURE 8 is a front perspective view of an embodiment of the isolated cooling 

chamber with included thermoelectric modules. 
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[0022] FIGURE 9 is a top plan view of an exemplary embodiment of the cooling 

chamber with included thermoelectric modules. 

[0023] FIGURE 10 is an exploded perspective view of an exemplary embodiment 

showing components of the isolated gas cooling system. 

[0024] FIGURE 11 is a top plan view of an exemplary embodiment of the heating 

chamber. 

[0025] FIGURE 12 is a rear perspective view of an embodiment of the heating 

chamber, showing optional electrical components and heating elements. 

[0026] FIGURES 13 and 14 are cross-sectional views of exemplary embodiments for 

utilizing a linear polarizer with the isolated gas system or an insulating gap. 

[0027] FIGURES 15A and 15B are side views of exemplary embodiments of the 

constricted convection cooling system with a constricted convection plate. 

[0028] FIGURE 16 is a top plan view of an exemplary embodiment where the cooling 

plenum is utilized as the constricted convection plate. 

[0029] FIGURES 17A-17C are cross-sectional views of embodiments where the 

cooling plenum is utilized as the constricted convection plate. 

[0030] FIGURE 18 is a front plan view of a display utilizing an air curtain device. 

[0031] FIGURE 19 is a cross-sectional view of a display utilizing an air curtain device. 

[0032] FIGURE 20 is an illustration showing the components for a liquid cooled 

display. 

Detailed Description 

[0033] It is to be understood that the spirit and scope of the disclosed embodiments 

includes thermally controlling displays including, but not limited to LCDs. For simple 

explanation purposes, embodiments may be described with respect to the components 

for LCD displays. 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 (OLEO), field emitting display (FED), cathode ray 

tube (CRT), plasma, and projection displays. Furthermore, embodiments may be used 
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with displays of other types including those not yet discovered. In particular, it is 

contemplated that embodiments may be well suited for use with full color, flat panel 

OLEO displays. Further, it is particularly contemplated that embodiments may be used 

with relatively large, high definition LCD displays. While the embodiments described 

herein are well suited for outdoor environments, they may also be appropriate for indoor 

applications (e.g., factory environments, coolers/freezers, etc.) where thermal stability 

of the display may be at risk. 

Isolated Gas Cooling System 

[0034] As shown in FIGURE 1, when the display 10 is exposed to outdoor elements, 

the temperatures inside the display 1 O may vary greatly without some kind of cooling 

device. As such, the display 10 may not function properly or may have a greatly 

reduced life span. Direct sunlight is especially problematic in causing increases in the 

internal temperature of the display 10. 

[0035] In Figure 1, the display area of the electronic display shown includes a narrow 

gas chamber that is anterior to and coextensive with the electronic display surface. The 

display shown is also equipped with an optional air curtain device 114. The air curtain 

device 114 is discussed in detail below. Optionally, the display may have a reflection 

shield 119, to mitigate reflection of the sunlight on the display surface. Additionally, in 

outdoor environments, housing 70 is preferably a color which reflects sunlight. 

[0036] As shown in FIGURE 2, an exemplary embodiment of the electronic display 10 

includes an isolated gas cooling chamber 20 contained within a display housing 70. A 

transparent first gas chamber is defined by spacers 100 and transparent front plate 90. 

A second transparent front plate 130 may be laminated to front plate 90 to help prevent 

breakage of front plate 90 and protect the interior of the display. Cooling chamber 20 

surrounds a display stack 80 and associated backlight assembly 140. 

[0037] The display 1 0 may include means for cooling gas contained within the second 

gas chamber. This means may include one or more fans 60 which may be positioned 

at the base of the display housing 70. The fans 60 may ingest cool air and force the 

cooler ingested air over at least one external surface of a posterior cooling plenum 45. 

If desired, an air conditioner (not shown) may also be utilized to cool the air which 
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contacts the external surface of plenum 45. Alternatively, the fans 60 may simply 

ingest ambient air. 

[0038] Referring to FIGURE 3, embodiments of the isolated gas cooling chamber 20 

may comprise a closed loop which includes a first gas chamber 30 and a second gas 

chamber 40. The first gas chamber includes a transparent plate 90. The second gas 

chamber comprises a cooling plenum 45. The term "isolated gas" refers to the fact that 

the gas within the isolated gas cooling chamber 20 is essentially isolated from external 

air in the housing of the display. Because the first gas chamber 30 is positioned in front 

of the electronic display surface 85, the gas should be substantially free of dust or other 

contaminates that might negatively affect the display image. An optional filter (not 

shown) may be utilized to assist in preventing contaminates and dust from entering the 

first gas chamber 30. 

[0039] The isolated gas may be almost any transparent gas, for example, normal air, 

nitrogen, helium, or any other transparent gas. The gas is preferably colorless so as 

not to affect the image quality. Furthermore, the isolated gas cooling chamber 20 need 

not necessarily be hermetically sealed from the external air. It is sufficient that the gas 

in the chamber is isolated to the extent that dust and contaminates may not 

substantially enter the first gas chamber. 

[0040] In the closed loop configuration shown in Fig. 3, the first gas chamber 30 is in 

gaseous communication with the second gas chamber 40. A cooling chamber fan 50 

may be provided within the cooling plenum 45 and utilized to propel gas around the 

isolated gas cooling chamber 20. The first gas chamber 30 includes at least one front 

glass 90 mounted in front of an electronic display surface 85. 

[0041] Referring to FIGURE 4, the front plate 90 may be set forward from the 

electronic display surface 85 by spacing members 100. The spacing members 1 00 

define the depth of the narrow channel passing in front of the electronic display surface 

85. The spacing members 100 may be independent or alternatively may be integral 

with some other component of the device (e.g., integral with the front plate 90). The 

electronic display surface 85, the spacing members 1 00, and the transparent front plate 

90 define a first gas chamber 30. The chamber 30 is in gaseous communication with 

plenum 45 through entrance opening 110 and exit opening 120. 
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[0042] As shown in Fig. 3, a posterior surface of the first gas chamber 30 preferably 

comprises the electronic display surface 85 of the display stack 80. As the isolated gas 

in the first gas chamber 30 traverses the display it contacts the electronic display 

surface 85. Contacting the cooling gas directly to the electronic display surface 85 

enhances the convective heat transfer away from the electronic display surface 85. In 

exemplary embodiments the electronic display surface 85 comprises the posterior 

surface of the first gas chamber 30. Accordingly, the term "electronic display surface" 

refers to the front surface of a typical electronic display (in the absence of the 

embodiments disclosed herein). 

[0043] In an exemplary embodiment, the electronic display surface 85, front plate 90, 

and optional second front plate 130 may be comprised of a glass substrate. However, 

neither display surface 85, nor transparent front plate 90, nor optional second 

transparent front plate 130 need necessarily be glass. Thus, the term "glass" may be 

used herein interchangeably with the term plate, but a glass material is by no means 

required. Further, electronic display surface 85 does not have to comprise the posterior 

surface wall of the front gas compartment 30. An additional plate may be used. 

However, by utilizing the electronic display surface 85 as the posterior surface wall of 

the gas compartment 30, there may be fewer surfaces to impact the visible light 

traveling through the display. Furthermore, the device will be lighter and cheaper to 

manufacturer. 

[0044] Although the embodiment shown utilizes the electronic display surface 85, 

certain modifications and/or coatings (e.g., anti-reflective coatings) may be added to the 

electronic display surface 85, or to other components of the system in order to 

accommodate the coolant gas or to improve the optical performance of the device. 

In the embodiment shown, the electronic display surface 85 may be the front glass 

plate of a liquid crystal display (LCD) stack. However, almost any display surface may 

be suitable for embodiments of the present cooling system. Although not required, it is 

preferable to allow the cooling gas in the first gas chamber 30 to contact the electronic 

display surface 85 directly. In this way, the convective transfer of heat from the display 

components to the circulating gas will be maximized. 
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[0045] Referring to Fig. 4, the front plate 90 of the first gas chamber 30 is transparent 

and is positioned anterior to the electronic display surface 85. The arrows shown 

represent the movement of the isolated gas through the first gas chamber 30. As 

shown, the isolated gas traverses the first gas chamber 30 in a horizontal direction. 

Although cooling system 20 may be designed to move the gas in either a horizontal or a 

vertical direction, it is preferable to propel the gas in a horizontal direction. In this way, 

if dust or contaminates do enter the first gas chamber 30, they will tend to fall to the 

bottom of chamber 30 outside of the viewable area of the display. The system may 

move air left to right, or alternatively, right to left. After the gas traverses the first gas 

chamber 30 it exits through exit opening 120. Exit opening 120 defines the entrance 

junction into the rear cooling plenum 45. 

[0046] FIGURE 5 shows a schematic of the rear cooling plenum (illustrated as 

transparent for explanation). One or more fans 50 within the plenum may provide the 

force necessary to move the isolated gas through the isolated gas cooling chamber. 

Whereas the first gas chamber 30 was designed to collect heat from the surface 85 of 

the display, the second gas chamber 40 is designed to extract the heat from the gas 

and remove the heat from the cooling chamber 20. The second chamber 40 may have 

various contours and features to accommodate the internal structures within a given 

electronic display application. 

[0047] If desired, various electronic components 200 can be placed anywhere 

throughout the second gas chamber 40. The electronic components 200 may include, 

but are not limited to: transformers, circuit boards, processors, resistors, capacitors, 

batteries, motors, power supplies, illumination devices, wiring and wiring harnesses, 

and switches. These components can be mounted directly on the walls of the chamber 

or supported on rods or posts 209. Thus, the cooling plenum can be designed to not 

only extract heat from the first gas chamber 30 but also to cool these various electronic 

components 200. (Additionally, as discussed below, if the isolated gas system is used 

to heat the display, the electronic components can assist in heating the isolated gas.) 

[0048] Referring now to FIGURES 6 and 7, various surface features 150 may be 

added to improve heat dissipation from the plenum 45. These surface features 150 

provide more surface area to radiate heat away from the gas within the second gas 
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chamber 40. These features 150 may be positioned at numerous locations on the 

surface of the plenum 45. 

[0049] Referring now to FIGURES 8 and 9, one or more thermoelectric modules 160 

may be positioned on at least one surface of the plenum 45 to further cool the gas 

contained in the second gas chamber 40. The thermoelectric modules 160 may be 

used independently or in conjunction with surface features 150. Alternatively, 

thermoelectric modules 160 may be used to heat the gas in the plenum if the isolated 

gas system is utilized to heat a display in a cold environment. 

[0050] FIGURE 10 shows an exemplary method for removing heat in the gas 

contained in the rear plenum 45. Fan 60 may be positioned to ingest air and blow that 

air across the anterior and posterior surfaces of the plenum 45. Again, fan 60 may 

ingest air conditioned air into the display housing 70 or may simply ingest ambient 

surrounding air. Furthermore, in this configuration, fan 60 may also force air past the 

heat generating components of the electronic display (e.g., the display stack 80 and the 

backlight assembly 140) to further improve the ability to cool the entire display. It 

should be noted that this embodiment can be combined with the constricted convection 

cooling method discussed in detail below. The heated exhaust air may exit through one 

or more apertures 179 located on the display housing 70. 

Isolated Gas Heating System 

[0051] As mentioned above, the isolated gas system can be utilized to also heat the 

electronic display. Referring to FIGURES 11 and 12, heating elements 220 may be 

located within the second gas chamber 40 and operate to warm the gas as it passes 

through the second gas chamber 40. These heating elements can be any one of the 

many commonly available heating elements or thermoelectric modules. Many times, 

these elements are simply a material which contains a high electrical resistance, and 

thus generates heat when current flows through it. The heating elements can be, but 

are not limited to, any one of the following: nichrome wire or ribbon, screen printed 

metal/ceramic tracks deposited on ceramic insulated metal (generally steel) plates, 

CalRod (typically a fine coil of nichrome wire in a ceramic binder, sealed inside a tough 

metal shell), heat lamp, and Positive Thermal Coefficient (PTC) of resistance ceramic. 
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[0052] As discussed above, the plenum 45 may contain electrical components 200 

which power and control the electronic display. The electrical components may be any 

one of the following: transformers, microprocessors, printed circuit boards, power 

supplies, resistors, capacitors, motors, wiring harnesses, and connectors. The 

electrical connections for the electrical components 200 may pass through a wall of the 

plenum 45. The electrical components 200 can be located anywhere within the plenum 

45. The electrical components 200 may be mounted on the posterior or anterior 

surface of the plenum and may be mounted directly on the surface of the plenum or 

may be suspended by mounting posts so that gas may pass all around the component. 

[0053] While the display is operational, the isolated gas cooling system may run 

continuously. However, if desired, a temperature sensor (not shown) and a switch (not 

shown) may be incorporated within the electronic display. Thus, a thermostat may be 

used to detect when temperatures have reached a predetermined threshold value and 

the isolated gas system may be selectively engaged when the temperature in the 

display reaches a predetermined value. Predetermined temperature thresholds may be 

selected and the system may be configured to heat, cool, or both heat and cool the 

display to advantageously keep the display within an acceptable temperature range. 

Linear Polarizer with Optional Insulator Gap 

[0054] FIGURE 13 is a cross-sectional view of another exemplary embodiment for 

another thermal control feature. In the arrangement shown, the front plate 90 and a 

second front plate 130 may be comprised of glass and may be laminated together. The 

first and second front panels 130 and 90 may be fixed to one another with a layer of 

index matched optical adhesive 201 to form a front glass unit 206. The display stack 80 

may comprise a liquid crystal assembly 212 interposed between a front polarizer 216 

and a rear polarizer 214. In other embodiments, the display stack 80 may be any other 

type of assembly for any other type of electronic display. The space between the 

display stack 80 and the front glass unit 206 defines an insulator gap 300. The 

insulator gap 300 serves to thermally separate the front glass unit 206 from the LCD 

stack 80. This thermal separation localizes the heat on the front glass unit rather than 

allowing solar loading of the LCD stack. If used in combination with the isolated gas 

system, the insulator gap 300 may comprise the first gas chamber 30. In other 
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embodiments, the insulator gap 300 may be used without the isolated gas system 

simply as a layer of insulation from both the ambient air as well as solar loading. 

[0055] The second front panel may have a first surface 202 and a second surface 

208. The first surface 202 may be exposed to the elements; while the second surface 

208 may be fixed to the first front plate 90 by the index matched optical adhesive 201. 

The first front plate 90 may have a third surface 209 and a fourth surface 204. The 

third surface 209 may be fixed to the second front plate 130 by the index matched 

optical adhesive 201 ; while the fourth surface may be directly adjacent to the insulator 

gap 300. In some embodiments, to decrease the solar loading of the display stack 80 

and improve the viewable image quality, an anti-reflective coating may be applied to the 

first surface 202 and the fourth surface 204. In other embodiments, the anti-reflective 

coating may only be applied to at least one of the first, second, third, or fourth surface 

202, 208, 209, and 204, respectively. 

[0056] FIGURE 14 is a cross-sectional view of another exemplary embodiment of the 

front glass unit 206. In the arrangement shown, the front glass unit 206 comprises a 

second front plate 130, a layer of index matched optical adhesive 201, a linear polarizer 

400, and a first front plate 90. The linear polarizer 400 may be bonded to at least one 

of the first, second, third or fourth surfaces 202, 208, 209, and 204, respectively. Again, 

anti-reflective layers may be applied to at least one of the first, second, third or fourth 

surfaces 202, 208, 209, and 204, respectively. The linear polarizer 400 may be aligned 

with the front polarizer 209 found in the LCD stack 85. The inclusion of a linear 

polarizer 400 in the front glass unit 206, further decreases the solar load on the display 

stack 80. The reduction in solar loading may significantly reduce the internal 

temperature of the electronic display. The linear polarizer 300 may also cause a 

reduction in specular reflection of the front glass unit 206 and the display stack 80. As 

discussed above, if used in combination with the isolated gas system, the insulator gap 

300 may comprise the first gas chamber 30. In other embodiments, the insulator gap 

300 may be used without the isolated gas system simply as a layer of insulation from 

both the ambient air as well as solar loading. Again, it should be noted that the display 

stack 80 may be an LCD stack, but it can also be any other type of electronic display. 
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[0057] It should also be noted that the second front plate 130 is not required. 

Embodiments may utilize only the first front plate 90 with a linear polarizer attached to 

either the posterior or anterior surface of the front plate 90. An anti-reflective layer may 

also be attached to either the anterior or posterior surface of the front plate 90. The 

front plate 90 may be tempered for additional strength if using only the front plate 90 

without the second front plate 130. 

Constricted Convection 

[0058] Some types of electronic displays require a backlight assembly in order to 

generate an image upon a viewable screen. LCDs are one type of display that requires 

a backlight assembly. Other types of displays, such as plasma displays and OLEDs, do 

not require a backlight assembly as they generate light themselves. However, these 

types of displays still generate a significant amount of heat. Thus, in the foregoing 

description, the constricted convection system will be described with regard to a 

backlight assembly, but it should be noted that the embodiments can be practiced with 

other types of displays. Therefore, when a backlight or backlight assemblies are 

discussed, these assemblies could also be the rear surfaces of other heat-generating 

displays and the constricted convection system would facilitate more efficient cooling of 

these alternate displays. It should also be noted that Figures 15A-15B and Figures 

17 A-1 ?C are not necessarily drawn to scale. The relationship between the elements 

may be exaggerated for explanatory purposes. 

[0059] FIGURE 15A shows a cross-sectional view of the backlight 140 with the 

constricted convection plate 300, the space between the two features defines a narrow 

gap 305. The dimensions of the gap may vary depending on several factors including 

the size of the display, its operating conditions, the type of backlight assembly and its 

posterior surface material, and the number and power applied to the various constricted 

convection fans. Some exemplary embodiments may utilize a gap distance of 

approximately 0.25-3.5 inches. Other embodiments may utilize a slightly larger gap. It 

has been found that forcing air through this gap 305 increases the ability to cool the 

backlight 140. One or more constricted convection fans 310 may be used to pull air 

through the gap 305. FIGURE 15B shows a cross-sectional view of another 
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embodiment for the constricted convection system where one or more constricted 

convection fans 31 O push air through the gap 305. 

[0060] FIGURE 16 shows a top view of the isolated gas system as discussed above. 

The cross-section line 17-17 is shown passing through the isolated gas system. 

[0061] FIGURES 17A-17C show cross-sectional views of the 17-17 section that is 

shown in Figure 16. Referring first to Figure 17 A, towards the front of the display is the 

first gas chamber 30 which abuts against the electronic display 80. Anterior to the first 

gas chamber 30 is the front plate 90. Towards the rear of the display, the backlight 140 

is placed in close proximity to the second gas chamber 40. In this arrangement, the 

outer wall of the second gas chamber 40 may function as the constricted convection 

plate. This embodiment does not utilize a constrictive convection fan, but instead uses 

the fan 60 which ingest air from outside the display housing and forces it over the 

surfaces of the second gas chamber 40. As noted above, this air may simply be 

ambient air or alternatively this air may come from a conditioning unit (not shown). To 

facilitate the flow of air between the backlight 140 and the cooling chamber 40, a 

guiding device 320 may be used. 

[0062] Referring now to Figure 17B, the cooling chamber 40 contains a guiding 

feature 41 , which is used in combination with the guiding device 320 to facilitate the 

flow of air between the backlight and the cooling chamber. Figure 17C shows another 

embodiment, where both the external fan 60 and the constrictive convection fan 310 is 

used. This embodiment could also utilize a version of the guiding devices shown in 

Figures 17A and 17B. 

[0063] The backlight 140 may comprise a printed circuit board (PCB) with a plurality 

of lights mounted to the side facing the electronic display 80. The lights in the backlight 

may be any one of the following: LED's, organic light emitting diodes (OLEO), field 

emitting display (FED), light emitting polymer (LEP), or organic electro-luminescence 

(OEL) lights. In an exemplary embodiment, the backlight 140 would ideally have a low 

level of thermal resistance between the side facing the electronic display 80 and the 

side facing the second gas chamber. To accomplish this low level of thermal 

resistance, the backlight 140 may be built using metal printed circuit board (PCB) 

technology to further transfer heat away from the lights. The rear surface of the 
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backlight 140 may also be metallic, or some other thermally conductive material, to 

further enhance the convective heat transferring properties. The surface may even 

have a plurality of surface features such as fins to further enhance the convective heat 

transferring properties. The constrictive convective fan 31 O may then send the warm air 

out of an exhaust 179 (shown in Figure 2) so that it may exit the display housing 

entirely. 

[0064] While the display is operational, the external fan 60 and the constrictive 

convection fan 31 O may run continuously. However, if desired, a temperature sensor 

(not shown) and a switch (not shown) may be incorporated within the electronic display. 

This effective thermostat may be used to detect when temperatures have reached a 

predetermined threshold value. In such a case, the various fans may be selectively 

engaged when the temperature in the display reaches a predetermined value. 

Predetermined thresholds may be selected and the system may be configured with a 

thermostat (not shown) to advantageously keep the display within an acceptable 

temperature range. This would save on both energy costs as well as the useful lifetime 

of the devices. 

Air Curtain 

[0065] In addition to the various thermal control features discussed above, an air 

curtain device can also be used. The air curtain device may be used alone, or in 

combination with any of the other thermal control features discussed above. 

[0066] FIGURE 18 shows an electronic display 10, having a housing 70 and a front 

plate 90. The air baffles 114 for the air curtain can be seen as a broken line in the 

figure. Cross-section line 19-19 can also be seen in this figure. 

[0067] FIGURE 19 shows the cross-sectional view from the line 19-19 shown in 

Figure 18. This figure shows the circulation of air through the housing 70 when fans 60 

are actuated. As discussed above, fans 60 ingest air into the housing 70 through 

entrance 51. This air may be ambient air or alternatively may be air conditioned air. 

The flow of ingested air is shown as arrow 111 . Once inside the display housing 70, the 

air may flow upwards along flow arrow 121 . This air may be utilized with any of the 

above mentioned thermal control features. For example, this air may be used to cool 
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the isolated gas within the second chamber (plenum) or may be used with the 

constricted convection system described above. 

[0068] For explanatory purposes, the details of the internal components of the display 

have been omitted from this figure and only a cavity 61 is shown. It should be noted, 

that the air curtain can be practiced with any type of electronic display and with any 

combination of the thermal control features described above. Various internal features 

(not shown) may be placed within the cavity 61 to direct the air towards the baffles 114. 

The ingested air may continue through the cavity 61 along arrow 121 until it reaches the 

baffles 114 which may direct the air against the exterior display surface. This exterior 

surface may be the first front plate 90, or alternatively, any of the additional front plates 

which are described in detail above (ex. second front plate 130). 

[0069] Thus, the air curtain can be used as an exhaust for the cooling of internal 

components of the display. Alternatively, the cool air from the air curtain can be used to 

further cool the exterior front surface of the display which may be subjected to 

significant solar loading or heat transfer from ambient hot air. 

Fluid Cooling System 

[0070] FIGURE 20 is an explanatory schematic illustrating another thermal control 

feature. As may be appreciated from the drawing, the cooling system 22 includes 

various components in fluid communication. Preferably, this may be accomplished by 

connecting the components with a series of tubes or pipes (illustrated conceptually as 

dotted lines). The cooling system 22 components include a reservoir tank 37, a pump 

47, and a cooling chamber 4 in fluid communication. Preferably, the system also 

includes a filter 83 and a radiator 72, also in fluid communication. Optionally, the 

system may also include a fan unit 94. However, the optional fan unit is preferably not 

in fluid communication with the other components. 

[0071] Reservoir tank 37 holds the primary volume of coolant fluid and provides 

surface area to conduct heat away from the fluid while it is contained in the tank 37. 

The tank has at least two openings, an exit port 13 and a return port 14. Optionally, the 

reservoir tank includes a ventilation port 66. Pump 47 causes the coolant fluid to move 

through the system 22. As may be appreciated by those skilled in the art, pump 47 

may be located at a number of locations along the coolant fluid pathway with suitable 
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results. However, in order to minimize curvature of plates 44 and 128, it is preferable to 

position pump 47 after the cooling chamber 4 so that the pump actually pulls liquid 

coolant from the bottom to the top of cooling chamber 4. If the pump is so positioned, 

engaging the pump creates an area of low pressure at the top of the cooling chamber 4. 

In this way fluid flows through the cooing chamber 4 according to the arrows. Due to 

the "slipperiness" of some coolant fluids, pump 47 is preferably a positive displacement 

pump. 

[0072] In order to regulate the flow of coolant fluid through the cooling chamber, a 

bypass line with a valve 634 may be provided. The bypass line provides a bypass route 

for coolant fluid to bypass the cooling chamber 4. The valve 634 is adapted to facilitate 

control over the amount of coolant fluid diverted through the bypass line. The bypass 

line and valve 634 allow a predetermined portion of coolant fluid to be diverted away 

from the flow directed to the cooling chamber 4 and thereby facilitate control over the 

flow rate through the cooling chamber itself. In this way, the flow rate through the 

cooling chamber may be regulated. 

[0073] As one skilled in the art will appreciate, other methods and devices may also 

be used to regulate the flow through the cooling chamber. For example, the size and 

pump speed of pump 47 may be optimized for a given application. Alternatively, a 

variable speed pump may also be used. Preferably, the variable speed pump may be 

in electrical communication with at least one pressure transducer (not shown). 

Preferably, a pressure transducer may be placed upstream of the cooling chamber 4 

and another pressure transducer may be placed downstream of the cooling chamber 4. 

The pressure information provided by the at least one pressure transducer may be 

utilized to set the operating speed of the variable speed pump. In that way, the flow 

rate through the cooling chamber 4 may be adjusted to maintain appropriate pressures 

in the device. Maintaining appropriate pressures in the cooling chamber 4 is important 

for preventing deformation or breakage of the display glass. 

[0074] An optional filter 83 may be added to remove contamination in the fluid. 

Preferably, a radiator 72 and fan unit 94 may also be included to provide even greater 

thermal stability. Optionally, a spigot (not shown) may be provided to facilitate the 

process of filling and emptying the coolant fluid from the system. 
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[0075] In operation, fluid exits the reservoir tank 37 from an output port 13 which may 

be located beneath the tank 37. On its way to the cooling chamber 4, the fluid passes 

through optional filter 83. From the filter 83, the fluid next enters the cooling chamber 4 

through inlet 98 of manifold 59. The fluid coolant travels up through the fluid 

compartment of the cooling chamber 4 in the direction indicated (dash arrows). The 

coolant fluid exits cooling chamber 4 through outlet 99 of the upper manifold 60. 

Preferably, the fluid is then received by an optional radiator 72. While traveling through 

the optional radiator 72, an optional fan unit 94 may force air past the radiator 72 to 

assist in transferring heat away from the coolant fluid. Pump 47, which may be 

positioned after the radiator 72, can pull the fluid toward the reservoir tank. The fluid is 

received into the reservoir tank 37 through return port 14. Preferably, return port 14 

may be disposed at a location that is relatively distant from exit port 13 so as to allow 

the returning fluid the maximum opportunity to cool before it exits the reservoir tank 37 

through port 13. 

[0076] If desired, fan units may be located at the base of the housing 75 just behind 

the cooling chamber 4 of display 15. Fan units may provide a laminar flow of air 

through the interior of the housing 75. Preferably, the airflow will be directed across at 

least one external surface of reservoir tank 37. As described above, the air exhaust 

flow may ultimately be redirected onto the cooling chamber surface 44 by way of an 

optional air curtain system 114. 

[0077] If desired, a temperature sensor (not shown) and a switch (not shown) may be 

incorporated within the electronic display. The temperature sensor may be used to 

detect when temperatures have reached a predetermined threshold value. In such a 

case, the pump can be selectively engaged when the temperature in the display meets 

a predetermined value. Predetermined thresholds may be selected and the system 

may be configured with a thermostat (not shown) to advantageously keep the display at 

a relatively constant temperature, or at least within a range of acceptable temperatures. 

Alternatively, to avoid the need for a thermostat, the pump 47 may run continuously 

when the electronic display is operational. 
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CLAIMS 

1 . A thermal control system for an electronic display having a display surface and a 

backlight assembly, the system comprising: 

a first gas chamber positioned anterior to the electronic display surface, said first 

gas chamber having an entrance, exit, and exterior surface; 

a second gas chamber in gaseous communication with the entrance and exit of 

said first gas chamber and positioned posterior to the electronic display 

surface, said second gas chamber having interior and exterior surfaces; 

one or more chamber fans within said second gas chamber to propel gas around 

the first and second gas chambers; and 

means for cooling the isolated gas which is contained within the second gas 

chamber. 

2. The system of claim 1, wherein the means for cooling the isolated gas comprises: 

one or more exterior fans adapted to force air over the exterior surfaces of the 

second gas chamber. 

3. The system of claim 1, further comprising: 

one or more of the electronic components for operating the electronic display, 

contained within said second gas chamber. 

4. The system of claim 2, further comprising: 

one or more surface features on the exterior surfaces of the second gas 

chamber. 
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5. The system of claim 1, further comprising: 

a means for heating the gas which is contained within the second gas chamber. 

6. The system of claim 5, wherein: 

the means for heating the gas which is contained within the second gas chamber 

comprises one or more heating elements within the second gas chamber. 

7. The system of claim 1, wherein: 

an exterior surface of the second gas chamber is placed in close proximity to the 

backlight assembly, the space between the backlight assembly and the 

exterior chamber surface defining a gap, the system further comprising: 

one or more constricted convection fans adapted to draw air through said gap. 

8. The system of one of claims 1-4, and 7, further comprising: 

an air curtain device adapted to force air across the exterior surface of said first 

gas chamber. 

9. The system of one of claims 1-4 and 7-8 further comprising: 

a linear polarizer placed anterior to said first gas chamber. 

10. The system of one of claims 2-9, further comprising: 

a temperature sensing device adapted to measure the temperature of the display 

surface; 
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a switch in communication with said temperature sensing device and said 

chamber and exterior fans; and 

wherein the fans are switched on when the temperature of the display surface 

reaches a threshold value. 

11. The system of one of claims 1-10 further comprising: 

a filter within the second gas chamber. 

12. The system of one of claims 2-4 and 7-11 wherein: 

said one or more exterior fans are forcing air over the exterior surfaces of the 

second gas chamber which has been air conditioned. 

13. A thermally controlled electronic display comprising: 

a display stack; 

a backlight assembly positioned posterior to said display stack and having a 

posterior surface; 

a constricted convection plate in close proximity to the posterior surface of said 

backlight assembly, the space between the convection plate and the 

posterior surface of the backlight assembly defining a gap; 

one or more constricted convection fans adapted to draw air through said gap; 

a first plate of anti-reflective glass positioned anterior to said display stack, the 

space between said anti-reflective glass and said display stack defining 

an insulating gap; 

a linear polarizer positioned anterior to said first plate; and 
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a second plate of anti-reflective glass positioned anterior to said linear polarizer. 

14. The display of claim 13 further comprising: 

an air curtain device adapted to force air upon the second plate of anti­

reflective glass. 

15. The display of one of claims 13 and 14 wherein said backlight assembly comprises: 

a printed circuit board (PCB) with an anterior and posterior surface; 

a plurality of LEDs attached to the anterior surface of said PCB; and 

a metallic coating applied to the posterior surface of said PCB. 

16. The display of one of claims 13-15 the display further comprising: 

a first gas chamber comprising said insulating gap and having an entrance and 

exit, 

a second gas chamber in gaseous communication with the entrance and exit of 

said first gas chamber and positioned posterior to the electronic display 

surface, said second gas chamber having interior and exterior surfaces; 

one or more chamber fans within said second gas chamber to propel gas around 

the first and second gas chambers; and 

means for cooling the gas contained within the second gas chamber. 
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17. A method for thermally controlling an electronic display having a display surface 

and a backlight assembly, comprising the steps of: 

providing an isolated gas system comprising a first gas chamber which is in 

contact with the electronic display surface and a second gas chamber in gaseous 

communication with said first gas chamber; 

forcing isolated gas into the first gas chamber; 

transferring heat from the electronic display surface to the isolated gas; 

directing the isolated gas into the second gas chamber; 

cooling the isolated gas in the second gas chamber if cooling is desired; and 

reintroducing the isolated gas into the first gas chamber. 

18. The method of claim 17, wherein the cooling step comprises the steps of: 

transferring heat from the isolated gas to the walls of the second chamber; 

forcing air over the walls of the second chamber; and 

transferring heat from the walls of the second chamber to the air. 

19. The method of claim 17, further comprising the step of: 

heating the isolated gas within the second chamber if heating is desired. 

20. The method of claims 17-19, further comprising the steps of: 

providing a constrictive convection plate posterior to the backlight assembly, the 

area between the constrictive convection plate and the backlight assembly 

defining a gap; 

forcing air through said gap in order to cool the backlight assembly. 
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(57) Abstract: A video screen enclosure is disclosed for housing a flat 
panel video display unit ("FPD"), comprising a housing and a front panel 
member joined to the housing with an airtight seal. An environmental con­
trol wut ("ECU") within housing includes means to internally circulate air 
within said enclosure to maintain a temperature within a range suitable for 
operation of said display, and a control system to maintain the interior 
temperature within said enclosure within a selected range suitable for op­
eration of said FPD. The enclosure may form a sealed unit with interior air 
being recirculated through said ECU, or ambient air may be circulated 
through the enclosure. 
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TITLE OF THE INVENTION 

VIDEO DISPLAY SYSTEM 

FIELD OF THE INVENTION 

[0001] The present invention relates to video display systems for use in 

public spaces, and in particular to an enclosure for holding a flat panel video 

display, environmental control systems for controlling the interior environment 

of such enclosures, and display structures incorporating such enclosures. 

BACKGROUND OF THE INVENTION 

[0002] Advertising and marketing displays often consist of non-static 

images, such as video images and other digital displays. For example, large­

scale digital displays are widely used in major urban centers, as well as in 

stadiums, arenas, exterior walls of buildings and other applications. There exists 

an increasing need for smaller scale displays that are capable of displaying a 

static or dynamic video image so as to better attract the attention of onlookers. 

Displays of this nature may be used for advertising, public service information, 

and the like. As used in this patent specification, the terms "video display" or 

"flat panel display" encompasses any type of image display, whether for 

commercial advertising or other purposes. Preferably, such a display is a digital 

static or dynamic video display, but other video display types are known. 

[0003] There is a need to provide video display systems that are suitable 

for use as a street or floor-level display for use in a harsh environment, such as 

outdoor use in locations where the units may be exposed to direct sun, and 

other situations of extreme heat or cold. Flat panel display screens, such as LCD 

panels, provide a high degree of resolution and are well-suited for displaying 

advertising and other images on a smaller scale, for example street-level 

displays. As well, advances in LCD and other flat panel screen technologies have 

permitted very bright display capabilities, making this technology in principal 

suitable for outdoor use in direct or near-direct sunlight. However, apart from 

certain closely monitored environments such as airports and retail stores, 
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exposed video units can be exposed to vandalism and theft. As well, outdoor 

use of an exposed screen is usually difficult as a result of exposure to moisture 

and extreme temperature conditions. One solution is to enclose a video screen 

within a housing or enclosure. An enclosure may also find uses in indoor 

settings, where for security or other reasons it is desired to encase the video 

display unit within a robust enclosure. 

[0004] Conventional LCD monitors are suitable for operation in a 

temperature range of approximately 5°C to 40°C. At temperatures above this 

range, the screen may not function and may be temporarily or permanently 

damaged, while below this range the display may also not function properly. 

This presents a drawback for outdoor usage of LCD displays (and other flat panel 

digital monitors) that are enclosed within a housing, since temperatures can 

exceed this range. The interior of such an enclosure can experience a greatly 

elevated temperature, resulting from the combination of internally-generated 

heat from the video monitor, as well as absorbing of heat from the sun. There is 

therefore a need to provide a system which includes a secure enclosure for a flat 

panel digital display unit, but which is capable of maintaining a suitable 

temperature range for a video unit. Thermal management of the system should 

be provided in a manner which is efficient, reasonably quiet and reliable within a 

range of conditions. 

SUMMARY OF THE INVENTION 

[0005] There is a need for a free-standing display system such as a kiosk, 

which may be placed in a variety of locations such as public plazas, sidewalks 

and the like. Such a system offers a high degree of flexibility for marketers and 

is desirable for modern marketing techniques. 

[0006] It is an object of this invention to provide an enclosure for a digital 

display unit, such as a video display, that is suitable for a street-level or indoor 

display and which may be incorporated in a variety of display systems such as 

free-standing kiosks and other displays. For this purpose, it is an object to 

provide an enclosure that provides a degree of thermal regulation and control to 

permit the device to operate in harsh outdoor environments. 
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[0007] According to one aspect, the invention relates to a video display 

system which includes an enclosure suitable for use in a range of conditions 

including outdoor street-level use, and a display unit such as a video flat panel 

display. The video unit preferably comprises an LCD unit. However, it will be 

understood that the "flat panel display" (herein referred to as an "FPD") may 

include essentially any video display means such as a flat screen LCD, LED, 

plasma or OLED display, as well as other video systems whether currently in use 

or which may be developed in the future, whether based on analogue or digital 

video signals. 

[0008] The enclosure comprises a substantially sealed housing that 

contains an FPD, an environmental control unit ("ECU") to regulate the internal 

temperature within the enclosure, and other components. A clear front panel 

permits viewing of the FPD. The enclosure is openable, preferably by opening of 

the housing portion which contains the front panel. To prevent unauthorized 

access to the enclosure, the housing is securely lockable. Preferably, the 

housing is configured to permit multiple enclosures to be joined together in 

various configurations. For example, multiple enclosures may be configured to 

be combined to form a self-supporting triangular display structure. 

[0009] The enclosure includes means to mount the FPD within its interior. 

The FPD is located to provide an air gap, to permit airflow around the FPD to 

provide efficient cooling thereof or, in some circumstances, heating. The 

enclosure also includes means to circulate air through the air gap. 

[0010] The ECU may include a heat exchanger such as an air conditioner. 

According to this aspect of the invention, the enclosure is effectively sealed 

against ambient air circulation, with interior air being recirculated through the 

enclosure. According to this aspect, the system is configured to provide a closed­

loop, system-level approach to cooling which reduces or eliminates the need to 

provide individual component-level cooling, thereby permitting the system to 

operate in a diverse range of conditions including at least some outdoor 

environments. It is contemplated that units installed in less extreme or 

sheltered outdoor environments, such as transit shelters or the like, can utilize 

smaller air conditioners or heat-exchangers. Optionally, a heater may be 
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provided to maintain a selected minimum temperature, depending on the 

environment in which the enclosure is to be installed. Units to be installed in 

indoor controlled environments could be equipped with only circulating fans. The 

ECU is responsive to sensors which detect conditions such as the temperature 

within the enclosure, the power requirements of the system, tampering or 

movement of the system, and other conditions. The ECU includes a control 

system which responds to such parameters and conditions by controlling the fan 

speed (thereby controlling internal air circulation), depowering the FPD, 

transmitting an alarm signal to a remote operator, and other responsive 

measures. 

[0011] According to another aspect of the invention, the enclosure and 

ECU are configured to permit the system to maintain the desired temperature 

range by circulation of ambient ( exterior) air through the enclosure. Optionally, 

a heater may be provided to maintain a selected minimum temperature. 

[0012] Another aspect relates to an enclosure in which the housing 

consists of a rear portion which houses the FPD and ECU, and a front portion 

which includes a clear panel. The FPD is retained within a structure which is in 

turn pivotally mounted to the rear portion of the housing. The front portion and 

FPD are both releasably mounted to the rear housing portion with pivotal 

engagement means configured to permit the front portion and said FPD to 

independently pivot outwardly from said housing along parallel axes of rotation 

to permit access into the interior of said housing. At least one of said pivotal 

engagement means comprises mutually engaging surfaces projecting from said 

means to mount said FPD and said housing respectively, configured to oppose 

each other and rest one upon the other. The mutually engaging surfaces 

comprise upwardly and downwardly projecting surfaces respectively, configured 

to interlock when engaged. 

[0013] Another aspect relates to a locking mechanism for locking the 

openable cover to the housing in a secure fashion. 

[0014] According to another aspect, the invention relates to a display 

system comprising a plurality of enclosures as described above incorporated into 
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a display system. The enclosures are mounted within a frame, which may be 

free-standing to form a kiosk-like structure, or alternatively incorporated into a 

structure such as bus shelter. Preferably, the enclosures are disposed at an 

angle relative to each other. For example, the system may comprise a 

rectangular or triangular cross-sectional configuration, with two or more 

outwardly-facing surfaces of the system comprising video display surfaces. In a 

preferred version, the systems has a triangular cross-sectional configuration with 

vertical side walls, with two of the faces comprising outwardly-facing video 

displays disposed at an angle to each other. The third face comprises a sealed 

panel, which is openable for access to the interior. An alternative configuration 

is to provide two enclosures in back-to-back arrangement. This arrangement 

may be ceiling-mounted. A still-further alternative is to provide a single 

enclosure for wall mounting. The display system may form a substantially 

enclosed structure, in which the FPD enclosures form some or all of the side 

panels, with the upper and lower faces being covered with panels. Active or 

passive ventilation within the interior may be provided via suitable ventilation 

ducts. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] Figure 1 is perspective view of a video display module in accordance 

with the present invention. 

[0016] Figure 2 is a plan view, from above, of the display module of the 

first embodiment. 

[0017] 

embodiment. 

Figure 3 is an exploded view, in perspective, of the first 

[0018] Figure 4 is a plan view, from above, of an enclosure according to 

the first embodiment. 

[0019] Figure 5 is a rear elevational view of the enclosure. 

[0020] Figure 6 is a side elevational view of the enclosure. 
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[0021] Figure 7 is a schematic cross- sectional view along line 7-7 of Fig. 

4, showing the interior of the enclosure. 

[0022] Figure 8 is a perspective view from the front, showing the interior 

of the rear housing portion with a FPD installed therein and the front housing 

portion removed. 

[0023] Figure 9 is a perspective view of a second embodiment of the 

invention, depicting a transit shelter incorporating the present invention. 

[0024] Figures 10 through 12 are perspective views of third, fourth and 

fifth embodiments of the present invention. 

[0025] 

invention. 

Figure 13 is a rear plan view of a sixth embodiment of the 

[0026] Figure 14 is a cross section view of the embodiment of figure 13, 

along line 14-14 of Fig. 13. 

[0027] Figure 15 is a sectional view of the embodiment of Figure 13 

showing the airflow pattern through the enclosure. 

[0028] Figure 16 is a perspective view, from the front, showing internal 

components of the embodiment of Figure 13. 

[0029] Figure 17 is a perspective view of the ECU portion of the system. 

[0030] Figure 18 is a perspective view of the FPD holder portion of the 

sixth embodiment of the invention. 

[0031] Figure 19 is a detailed view of the circled portion of Figure 18. 

[0032] Figure 20 is a side elevational view of the FPD holder according to 

the sixth embodiment. 
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[0033] Figure 21 is a perspective view of the sixth embodiment. 

[0034] Figure 22 is a perspective view, with components separated to 

show details, of the sixth embodiment. 

[0035] Figure 23 is a perspective view of the FPD holder according to a 

seventh embodiment of the invention. 

[0036] Figure 24 is a front elevational view of the enclosure according to 

the seventh embodiment. 

[0037] 

embodiment. 

[0038] 

Figure 25 is an exploded view, in perspective, of the seventh 

Fig. 26 is a block diagram showing operation of the environmental 

control system of the present invention. 

DETAILED DESCRIPTION 

[0039] In a first embodiment, shown in Figures 1- 8, the system comprises 

a free-standing display structure 10 having a substantially triangular cross­

sectional configuration, with generally vertical rectangular sides. Structure lo 

includes a rigid support frame18, composed of three upright corner posts 20, 

each of which terminates in a foot 22. Feet 22 may be bolted to a substrate to 

minimize the risk of theft or movement. One or more of posts 20 are adjustable 

in length. Preferably, posts 20 are partly or fully covered with a decorative 

covering, such as powder coated sheet metal or a stainless steel tube 24. Posts 

20 are connected together with cross bars 26, seen in Figure 3. Triangular floor 

and roof panels 14 and 16 cover the upper and lower open ends of the module, 

and are mounted to cross bars 26. The floor and roof panels include ventilation 

openings 30, to permit ventilation of the assembly by convection. Optionally, 

ventilation fans 32 may be provided to vent the interior of the module. 

Preferably, ventilation openings 30 are louvered and covered with filter 

members. 
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[0040] The system is supplied with power, and optionally external video 

and audio signals, which may be supplied via a conventional subsurface conduit 

which terminates in a GFCI-equipped junction box located within the interior of 

the system. A multiple outlet UL listed power bar is used to distribute power to 

all of the electrical devices contained within the system. 

[0041] Structure 10 includes at least one video screen display enclosure 

40, composed of separable front and rear housings 48 and 60. Enclosure 40 is 

fabricated from a robust material, such as stainless steel or aluminum. Each 

enclosure forms an independent video display unit, and it will be seen that one 

or more such enclosures may be arranged in various combinations or 

configurations to form a wide variety of display modules and systems. Structure 

10 comprises two enclosures 40, forming two walls of the triangular structure, 

and a wall 42 forming the third side thereof and composed of one or more solid 

panels 44, openable to provide access to the interior of the structure. 

Conveniently, wall 42 comprises a pair of panels 44 which swing open, and 

which are securely lockable in the closed position. It is evident that variations of 

the above are possible, including all three sides of the structure comprising video 

enclosures, or only a single side, or the third side comprising another type of 

display, or the display structure having a different number of side walls other 

than three. 

[0042] As seen in Figure 7, a video flat panel display unit ("FPD") 100 is 

housed within enclosure 40. In the present embodiment, FPD 100 is a high­

output LCD digital monitor, although essentially any video monitor may be 

housed within the enclosure, provided it dimensionally fits therein and has 

sufficient screen brightness and other desired characteristics. 

[0043] Referring to Figures 4-6, enclosure 40 comprises a self-contained 

substantially sealed unit. Enclosure 40 includes a front housing 48 which holds a 

transparent glazed front panel 50. Panel 50 is essentially inert to heat and 

chemicals, and has significant impact resistance, while allowing substantially no 

flexibility across its surface. If broken, it will shatter to form non-abrasive beads 

and remain intact and in place until removed for replacement. To provide 

sufficient security, the inventors have found that a suitable panel consists of a 
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laminated composite of two tempered glass plates, each about 6 mm in 

thickness, bonded with a 1.5 mm thick optical bonding resin adhesive, resulting 

in a finished thickness of about 13.5 mm. It will be evident that these 

specifications are non-limiting, and are provided merely by way of example. The 

front layer is clear with an anti-reflective finish on the outside, with polished 

edges and a printed border matching the view dimensions of a screen of a 

selected maximal size. In one example, the enclosure is intended for use with a 

maximum screen size of 82 inches (measured diagonally), although it is evident 

that this is merely an illustrative example and is based on economically feasible 

technology as of the date of this patent specification. It is understood that rapid 

advances in video technology may soon result in economically viable screen 

sizes larger than this. In general, the structure may be scaled up or down within 

a range commensurate with available technology and appropriateness to the 

desired use of the device. 

[0044] According to one embodiment, the enclosure is configured to be 

similar to a conventional "6 sheet" size, namely a panel size of about 4X6 feet 

(1200mm W x 1750mm H). This is a conventional size used for poster-type 

displays incorporated into public furniture. Since conventional FPD's sized above 

20" diagonal are in a ratio of 16 :9, the most appropriate to this size of FPD 

would be a 70" LCD screen. 

[0045] Front housing 48 is hinged to rear housing 60, preferably with a 

top-mounted hinge to permit front housing 48 to open by swinging upwardly, to 

permit replacement of the FPD, if required. Front housing 48 is sealed to rear 

housing 60, for example with a gasket or the like, and is securely latched and 

locked to prevent unauthorized access. 

[0046] Front housing 48 may include a frame or mask 62, which may be 

mounted to the interior of the front panel to selectively form an opaque border 

around the clear front panel (see Figure 1). This reduces the effective clear 

viewing area of the panel, to permit smaller screens to be mounted within the 

enclosure, while blocking the clear area of the panel surrounding the video 

screen. 
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[0047] Rear housing 60 comprises tapered side walls 64, converging 

rearwardly to permit adjacent enclosures 40 to be mounted within a display 

structure at an acute angle of about 60 degrees (in the case of a triangular 

structure) relative to each other. The angle will depend on the desired display 

module configuration. Upper and lower panels 66 and 68 of rear housing 60 are 

optionally horizontal or sloped. The enclosure includes a vertical rear panel 70, 

within which is mounted an openable rear access panel 72 to permit access to 

the interior of the enclosure, for example to access the electronic components. 

[0048] An environment control unit (ECU) 74 or other air tempering unit is 

housed within an ECU enclosure 75, which projects rearwardly from rear panel 

70. Preferably, ECU enclosure 75 is located towards the top of the unit 40 to 

enhance its cooling capabilities. In this embodiment, enclosure 40 is 

substantially sealed, and ECU 74 effectively re-circulates the air within the 

enclosure interior. A heat exchanger or air conditioner 76 within ECU 74 

discharges waste heat to the exterior of the enclosure. For example, ECU 74 

may include a 7,000 BTU a/c unit. 

[0049] As seen in Figure 7, ECU housing 75 comprises an ambient air 

compartment 79 open to the exterior of enclosure 40 and a closed loop 

compartment 81 open to the interior of enclosure 40. The respective 

compartments 79 and 81 form separate manifolds that are sealed relative to 

each other. A heat exchanger or a/c unit 76 cools the air within closed loop 

compartment 81, and exhausts the excess heat through ambient air 

compartment 79, via vents 83 within housing 75, which are open to the external 

environment. Vents 83 permit ambient air to circulate through the ambient air 

compartment 79 of ECU housing 75. 

[0050] ECU 74 includes a control system which is responsive to signals 

from various monitors and sensors, including a monitor which measures power 

consumption of the electrical systems associated with the enclosure and 

temperature within the enclosure. ECU 74 provides thermal management of the 

internal environment within enclosure 40, in response to inputs from said 

monitors and sensors and pre-programmed values including the operating 

temperature range of the video screen, the expected solar heating of the 
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enclosure, which depends in part on the relative size and thermal characteristics 

of the glazed front panel, as well as the characteristics of the enclosure material, 

and the expected outdoor temperatures in the selected environment. 

[0051] ECU 74 controls the air circulation components of the system to 

provide thermal control within a selected range. With known conventional LCD 

screens, a suitable operating temperature range is about 10-40°C or 5-40°C . It 

is also contemplated that the circulation fans 84 and/or 90 may be left 

permanently on, with the air conditioner and optionally the heater being 

switchable in response to the temperature within the enclosure. In extreme 

environments, a UPS is included to maintain the operation of air circulation fans 

to return the internal temperature of the enclosure to ambient in the event of a 

power failure. Thermal interlocks are also provided to prevent the opening of the 

doors before the internal temperature of the unit has returned to ambient to 

prevent the formation of condensation. 

[0052] ECU 74 controls the environment inside the enclosure 40 so that FPO 

100 is protected from variations in local weather conditions. For cooling in hot 

weather, or high solar loading, the ECU controls the removal of heat, for example by 

switching or controlling of the speed of heat modulating components including fans, 

air conditioners, heat exchangers, heat pipes, thermo-electric modules, motorized 

vents, or motorized solar shields. For heating in cold weather the ECU controls the 

addition of heat from electric heaters, or other sources of heat. In addition it may 

delay the application of power to other modules in the digital display until they have 

been heated to an acceptable temperature for reliable operation, referred to as "cold 

start" control. The ECU may also control the timing of power to other units, such as 

display backlights, so they are energized in an orderly and acceptable manner. The 

other functions of the ECU are to signal alarm conditions, such as but not limited to, 

intrusion alarm, high or low internal temperature, failure of cooling or heating 

devices, high shock or vibration, water ingress, smoke, display failure, or failure of 

the ECU controller itself. ECU 74 operates relatively quietly, in order to minimize the 

noise generated by the device. 
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[0053] FPD 100 is mounted within the rear housing 60. FPD 100 is 

mounted to maintain an air gap between its front face and front panel 50, and 

its rear face and the rear panel 70, and also around the upper and lower edges 

of the FPD. The air gap is essentially unobstructed across the full height of the 

FPD, to permit an air flow to pass over both sides of the FPD. FPD 100 is 

mounted within enclosure 40 by any suitable mounting means. For example, 

FPD 100 may be rear mounted by means of a Vesa™ mount, or mounting means 

may attach the periphery of FPD 100 in the case of open frame monitors. The 

gap between the FPD and front panel 50 may be approximately 1 inch, and the 

upper and lower gaps may be approximately 3 inches. 

[0054] One or more fan banks 84 and 90 circulate air within the interior of 

enclosure 40. Fan bank 84 draws air through the space between front surface of 

FPD 100 and front panel 50, while fan bank 90 draws air through the space 

between the rear surface of FPD 100 and the rear wall of enclosure 40. Each fan 

bank 84 and 90 consists of at least one electrical fan, mounted within a fan 

housing. The combined airflow from fan banks 84 and 90 are directed through 

opening 92 within the rear of enclosure 40, and enters into closed loop 

compartment 81. The airflow is cooled by heat exchanger 76, and the cooled 

airflow then exits through discharge vent 101. A wedge-shaped baffle 88 

protruding from the backside of the video monitor splits the air current into 

upper and lower streams, both of which flow over and chill the backside of FPD 

100. The upper air stream is drawn through fans 90 for recirculation. The lower 

air stream flows downwardly, and contacts baffle 86, which serves as a cold air 

turning vane, at the base of enclosure 40. The lower stream flows downwardly 

towards the base of the enclosure, where baffle 86 channels the cool airflow 

through the lower gap between the base of the FPD 100 and the enclosure. This 

air current then flows upwardly through the gap between FPD 100 and the front 

panel 50. As the airflow passes over the upper edge of FPD 100, it is drawn 

through circulation fans 84, to be recirculated through ECU 74. 

[0055] The present system is modular in structure, wherein each enclosure 

40 may be separately assembled off site and shipped, along with the frame 

members and other systems components, for on-site assembly. Assembly is 
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relatively simple, with each individual enclosure 40 comprising a "plug and play" 

unit which need only be plugged into the power and video signal lines or a 

wireless network. 

[0056] Optionally, the display module 10 may be configured as a cubical or 

rectangular structure or alternately individual video screen enclosures may be 

mounted to a ceiling or floor. Other variations include back to back or side by 

side mounting, or surrounding a structural column. 

[0057] Optionally, the enclosure includes an audio system (not illustrated). 

In order to provide a clear audio output without the need for external speakers, 

a transducer is provided to effectively transform front panel 50 into a sound 

driver. This may be provided, for example, with a Panasonic™ ambient speaker 

system, in which a full range transducer type mechanism is attached directly to 

the from glass panel with an adhesive pad, attached directly to the internal glass 

face of the display. This permits a clear audio capability without the need for 

openings in the sealed enclosure. 

[0058] Both open frame and finished commercial screens can be housed in 

the enclosure. In one aspect, a high output LCD monitor, such as an MRI 

brightness-enhanced open-frame 70" Samsung TM monitor is used, which is 

effective in direct or near-direct sunlight. However, any suitable digital screen 

may be used in the system, and the existing screen within a unit may be 

replaced or upgraded. 

[0059] The present system may include hardware and software that 

permits local or remote (web enabled) monitoring , control, and populating the 

FCD with user selectable advertising material, which may include material 

presented in display formats that are universally accepted and commonly used in 

the outdoor advertising industry. 

[0060] The video and audio signals for the display strcuture 10 may 

originate from a common source, to permit identical video images to be 

displayed on all screens, or alternatively the displays and speakers may be 

separately controlled. The signals may comprise pre-programmed signals, which 
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may be provided by way of audio visual playback devices mounted within the 

individual enclosures or within the interior of the display systems. Alternatively, 

the audio and/or audio-visual signals may be transmitted remotely, by wireless 

or non-wireless means. The programming may be either pre-programmed, for 

example displaying advertisements on a continuous loop, or may be remotely 

programmed by manual or automatic control. Remotely sourced signals may be 

transmitted to the displays by any suitable means including wireless 

transmission or fibre optic transmission means. All such means for supplying 

visual or audio-visual signals to the system are contemplated within the scope of 

this invention and would be known to persons of ordinary skill in the art. 

[0061] The structure 10 may include a player module 600, comprising a 

hardened computer unit and associated hard drive which together control the 

digital content displayed on the FPD's 100. The player module communicates 

with a remote command centre. This enables content selected at one or more 

remote centres to be displayed on the screen. The player module may store 

such data temporarily. The player module also functions as a monitoring unit, to 

signal local conditions and data back to the command centres, such as the 

correct functioning of the display screen. By way of non-limited examples, the 

system permits users to customize the display of advertising content which can 

be controlled with user selectable criteria, such as the physical location of the 

device, the time and date, point of sale data, and product inventory information. 

In addition the player can be used to facilitate local communication with devices, 

such as, but not limited to, hand-held IR remotes, for local data input or for set­

up or maintenance purposes. Further, it may also be used to relay audience 

conditions at the local site to the command centres. The remote command may 

be situated at one or more locations, or from sites on the Internet or a private 

data network, or even from mobile sites with access to such computer networks. 

The communication method between the Player and the remote command centre 

can be any high speed digital communication media, such as but not limited to, 

hard-wired Ethernet, wireless Internet, broadband-over-power, fiber, etc. The 

communication interface may be a separate module, or may be incorporated into 

the player module. 
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[0062] 0ptionally, at least one of the sides of the system consists of or 

includes a backlit poster-type display in place of an enclosure 40. 

[0063] According to a second embodiment, shown in Figure 9, one or more 

enclosures 40 can be incorporated within a transit shelter 102. In this aspect, 

posts 20 may provide structural support for the shelter, thus integrating the 

video display with the shelter. The video system thus provides both structural 

support and shelter from the elements, in addition to the video display. 

[0064] Figure 10 illustrates a third embodiment consisting of a single or 

double-sided floor-standing (street-level) display 104 composed of either a 

single enclosure 40, or dual enclosures 40 arranged back-to-back. Figure 11 

illustrates a fourth embodiment, consisting of a one-sided, wall-mounted display 

106. Figure 12 illustrates a fifth embodiment, consisting of a two-sided, ceiling 

mounted display 108. The preceding systems of Figures 10-12 comprise one or 

two enclosures 40 as generally described above, wherein the enclosures are 

mounted within a frame 110 which supports the enclosure(s) in a suitable 

configuration. 

[0065] A sixth embodiment is shown in Figures 13-22. In this version, 

enclosure 40 is adapted for maintaining a suitable operating temperature within 

its interior without the need for active cooling by an air conditioner or other heat 

exchanger, by generating a flow of ambient air through the enclosure. The 

enclosure consists of front and rear housings 200 and 210 which open like a 

clamshell, connected together with a removable hinged connection means, 

described below in more detail. Rear housing 210 encloses the FPD 100 and the 

ventilation components described herein, and front housing 200 includes the 

clear viewing panel 50. A pliable gasket where housings 200 and 210 meet 

provides a watertight seal. 

[0066] The hinged connection means between the housings 200 and 210 is 

disposed horizontally along their respective upper edges to permit the front 

housing to swing away from the rear housing. The connection consists of 

opposed mutually engaging flanges 212 and 214. A first flange 212 extends 

forwardly from rear housing 210 with an outer portion which projects upwardly. 
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Flange 214 extends rearwardly from the front housing 200 with an outer portion 

which projects downwardly. The respective flanges engage each other to 

suspend front housing 200 in a manner that permits front housing 200 to pivot 

outwardly from rear housing 210 about a horizontal axis. The respective flanges 

interlock to prevent the housings from coming apart, and to lock the housings 

together when the enclosure is closed. When enclosure 40 is open, the 

respective flanges may be disengaged from each other by lifting the front 

housing 200, thereby disengaging the mating flanges. 

[0067] The front housing 200 is further attached to the rear housing 210 

with a pair of gas spring struts 216, one on either side of the front housing 200 

(see Figure 21). Struts 216 are provided with quick release attachment 

members 218 where they join to the front housing, so that the front housing 200 

can be fully disconnected from the rear housing 210, for example to replace the 

glass panel 50. Struts 216 are telescoping to permit the front housing to open, 

and are provided with sufficient resistance to hold to the front housing in the 

open position when required. 

[0068] FPO 100 is retained within a screen holder 220, seen in more detail 

in Figures 18-20, which in turn is mounted within the rear housing 210. The 

screen holder is configured to also channel airflow within the enclosure for 

ventilation of the FPO. Screen holder 220 comprises the following components: 

a) a rectangular inner frame 222 dimensioned to fit a selected FPO. The 

inner frame comprises four frame members 222a-d consisting of inwardly-facing 

channel shaped members to receive the edges of the FPO. The frame members 

are assembled together with corner brackets 223 that fasten to frame members 

222 with screws or other fastening means, to permit assembly around FPO 100. 

Frame members 222a-d effectively wrap around the periphery of FPO 100, 

slightly overlapping the front face thereof. Each frame member 222 also 

overlaps the rear face of FPO 100, and terminates in a flange 224 which 

protrudes rearwardly and includes a vertical portion. 

b) a rear panel 226, having ventilation slots 228 extending horizontally 

therethrough. The rear panel 226 is mounted to flanges 224 so as to space the 

rear panel from the rear face of FPO 100. 
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c) an outer frame 230 which fastens to the rear panel 226, and when 

mounted to the inner frame 222 via the attachment of the rear panel is spaced 

from the inner frame. The outer frame 230 is composed of four outer channel­

shaped outer frame members 230a-d (only 230a-c are shown). The outer faces 

232 of frame members 230 contact panel 50 when the enclosure is closed. As 

well, the outer frame is configured to channel an airflow around FPD 100 to 

provide ventilation. 

[0069] As seen in Figure 22, screen holder 220 is retained within rear 

housing 210 in a fashion which permits it to pivot outwardly from the rear 

housing to permit access to the interior of the rear housing. The axis of rotation 

of screen holder 220 is horizontal and is parallel to the axis of rotation of the 

front housing. The retention of screen holder 220 is via mutually engaging 

surfaces which operate in a fashion similar in principle to the engaging flanges 

holding the front and rear housings together, whereby the screen holder is 

suspended from the rear housing by means of mutually engaging flanges 240 

and 242. Flange 240 projects forwardly from the rear housing and upwardly, 

and flange 424 projects rearwardly from the front housing and downwardly. 

The respective flanges engage each other to suspend screen holder 220 in a 

pivotal engagement with the rear housing 210, while permitting release of the 

screen holder by lifting the screen housing to disengage the respective flanges. 

[0070] When front housing 200 is opened, FPD 100 may be swung 

outwardly for access to the rear of the housing. The screen is further fastened 

to rear housing 210 with a pair of gas spring struts 244 which connect the rear 

panel 226 of screen holder 220 to rear housing 210. Struts 244 attach to screen 

holder 220 with quick-release mounts 246 to permit FPD 100 to be readily 

detached for replacement. 

[0071] Front housing 200 locks to the rear housing 210 in the closed 

position to prevent unauthorized access, with a robust lock that resists 

tampering. 

[0072] The system includes an environmental control unit ("ECU") 300, 

which is shown together with its associated components in Figures 13-17, 21 



SEC et al. v. MRI 
SEC Exhibit 1031.0890 

IPR2023-00254 

WO 2009/135308 PCT/CA2009/000629 

-18-
and 22. ECU 300 is housed in the rear compartment 210 behind the FPD, within 

an ECU compartment 302. ECU compartment 302 is defined by a wall 303 

which maintains airflow separation between the incoming air entering the ECU 

compartment, and the outgoing exhaust air exiting the enclosure 40. Wall 303 

extends horizontally across the interior of the enclosure 40 so as to effectively 

surround the ECU. Exterior (ambient) air enters compartment 303 through 

perforations 304 within the rear panel 306 of the enclosure. An inlet manifold 

307 within ECU compartment 302 covers the perforated region. Inlet manifold 

307 houses a semi-permeable membrane 308, such as a Gore ™ membrane that 

filters the incoming air to block liquid, particulates, etc., while permitting the 

inflow of air, thereby limiting the intake of moisture and contaminants into the 

enclosure. 

[0073] The enclosure is configured to permit air circulation around the FPD 

to control its temperature within a useable range. As seen in particular in 

Figures 14 and 15, internal air circulation is driven in part by the venting of 

exhaust air from the enclosure, by exhaust fans 310 mounted within the rear 

housing, located near the top thereof to take advantage of heat stratification 

within the enclosure. Exhaust fans 310 are each housed within an exhaust 

manifold 311 located at an upper corner of the rear housing. Internal air 

circulation is further driven by an air circulation fan 312 located within a 

heater/blower unit 320, which in turn is mounted within the ECU compartment 

302. The heater/blower unit 320 includes an air intake 324 adjacent to the 

intake manifold 306 to draw air into the enclosure. Air is discharged from the 

heater/blower unit 320 through an air outlet 326 adjacent to the rear panel 226 

of screen holder 220 to discharge air into the interior thereof. The heater/blower 

unit 320 comprises a variable speed, high capacity unit, which when operating 

draws air into the ECU enclosure from the intake manifold 306. 

[0074] A portion of the incoming airflow enters the heater/blower unit 

while the remainder of the airflow is directly circulated into the enclosure 40 

without entering the heater/blower unit. Exhaust fans 310 provide additional air 

circulation by withdrawing heated air from the enclosure. The airflow from both 

paths is then channeled into screen holder 220, through the openings in the rear 
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panel thereof. The airflow within the screen holder follows two paths, the first 

being under and around the front of FPD 100, and the second path being 

upwardly along the rear face of the FPD. Both air streams are channeled 

between the inner and outer FPO frames 222 and 230, which are spaced apart to 

provide an airflow channel. Outer frame members 230a-d effectively form 

baffles which channel the airflow around FPD 100. 

[0075] ECU enclosure compartment 302 includes an exhaust manifold 311. 

The air streams circulating around FPD 100 are channeled out of enclosure 40 

through outlet openings 330 within rear panel 226, which feeds into manifold 

311. Exhaust fans 310 discharge the heated air from the exhaust manifold 311 

into the ambient air. 

[0076] Air circulation through enclosure 40 is shown by the arrows in 

Figure 14, wherein ambient air enters the inlet manifold 306, and passes 

through membrane 308 into ECU compartment 302. A portion of the ambient 

air exits compartment 302 directly through openings 228 in the screen enclosure 

220, and the remaining portion passes through heater/blower unit 320, where 

the air is optionally heated (if required) and accelerated by fan 312. The 

combined airstreams enter the screen enclosure 220, where a portion travels 

upwardly within the space between the rear surface of the FPO 100 and the rear 

panel 226 of the screen enclosure. The remaining ambient airflow is deflected 

around the bottom edge of the FPO and travels upwardly across the front face of 

the FPD. The respective airflows then enter the exhaust manifold 311, where 

they are vented by fan 310 out of the enclosure. Figure 15 represents airflow 

through the enclosure, showing in particular the laminar flow achieved across 

the front and rear faces of FPD 100. 

[0077] The heater component within the heater/blower unit 320 is a 

variable electrical resistance heater, and is particularly useful if the unit is 

intended to operate in a cold climate. For use in a consistently warm 

environment (such as an indoor or temperature environment) the heater may be 

dispensed with. 
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[0078] Operation of the control system of ECU 300 is illustrated 

schematically in Figure 26. ECU derives AC current from the mains feed. AC 

power passes from ECU 300 and is supplied as both DC and AC power, to 

components in the system. ECU 300 includes processor 500 that comprises 

firmware responsive to integral and attached external sensors. The ECU 

firmware includes integrated charts with user changeable fields to set the 

temperatures at which the system elements are switched. The firmware charts 

control the following components: 

a) the on/off temperatures of equipment connected to the AC outputs 

b) the on/off temperature of heating elements in the system 

c) the on/off temperature settings and run-speed of exhaust cooling 

fans. 

[0079] ECU 300 includes a data connection to the content player, preferably a 

Mini IPX PC, with the data connection comprising an RS232 port for the transfer of 

data signals from the processor. 

[0080] ECU 300 can be interrogated, remotely via the data connection, from 

the content player, using a "read ECU" command to view firmware charts controlling 

the operation of the system. 

[0081] According to a preferred control setting, the firmware is programmed to 

control the heater and fans in response to the internal temperature within the 

enclosure as follows: 

Temp -40C -30C -20C -lOC oc 10C 20C 30C 

Heater ON ON ON ON ON OFF OFF OFF 

Fans OFF OFF OFF OFF OFF OFF ON ON 

20% 50% 

40C 

OFF 

ON 

100% 

[0082] The firmware is programmed to turn power to the FPO off if the internal 

temperature is outside the above range. 
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[0083] According to one embodiment, the architecture of the ECU and 

electronic componentry is as follows: 

1. Power Input 

• AC mains supply feed 110V to 250V 

• Main power switch - system disconnect 

• Convenience outlet for peripheral equipment - optional 

2. ECU - System Control Board 

• AC Power feed from system disconnect switch 

• AC Power distribution to all integrated equipment power supplies 

• System sensors on the board, and connections for remote sensors 

by cable to various positions within the enclosure (temperature, 

shock/acceleration; ambient light, enclosure intrusion/security), 

with ECU being responsive to signals from said sensors to shut 

down power to said FPD or transmit an alarm signal to a remote 

recipient 

• AC power distribution and ( on/off) control, heating elements 

• DC power distribution and (speed) control system ( exhaust) fans 

• Alarm reporting function to content player 

3. Power Supply or Supplies 

• Integrated player board AC/DC 

• LCD backlight AC/DC 

4. Environmental Control - System Enclosure 

• Fan heater appliance to maintain enclosure internal ambient 

temperature within given parameters, determined by ECU firmware 

• Speed controlled high capacity exhaust fans to remove excess heat 

and maintain enclosure internal ambient temperature within given 

parameters, determined by ECU firmware 

5. Electronic Equipment 

• Content player - Mini IPX format, ruggedized PC board, with video 

output to display(s) and network connection 

• Data storage device(s) 

• Wireless adapter (optional) 

• Network device(s) 
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6. Display(s) 

[0084] 

• LCD module with integrated backlight and T-con board LVDS 

connection 

• Screen driver board with video feed from content player [may be 

eliminated if LVDS direct feed from player is available] 

A seventh embodiment is shown in Figures 23-25, in which the 

enclosure 400 includes vertical spaced apart lateral sidewalls 401, having 

downwardly extending feet 402 (seen in Figs. 24 and 25). Opposed bottom and 

top walls 404 and 406 and a rear panel 408 are fastened to the sidewalls 401 to 

define an interior space. The rear panel 408 is removable, and gasket 409 seals 

rear panel 408 to walls 404 and 406 and sidewalls 406. An FPO housing 410 

installed within enclosure 400, with a gasket 414 providing a resilient seal where 

the FPD housing contacts the enclosure. The FPD housing 410 is hinged to 

enclosure 400 with mutually engaging flanges 500 and 502 in the same manner 

as described above in connection with the 6th embodiment hereof. When 

closed, the FPD housing fits within the interior of enclosure 400. 

[0085] The FPD housing 410 includes a bottom wall 405. An air inlet 

418, provides air access to the FPD housing through a slotted portion of the 

bottom wall. The air inlet is covered with an inlet plenum 422, which houses a 

semi-permeable membrane 420 to filter the incoming air as described above. 

The inlet plenum 422 is retained by a removable clamp 423. An air outlet 424 is 

provided within the upper wall 407 in a location opposed to inlet plenum 422 to 

receive the outflow of air from the enclosure. 

[0086] A battery of exhaust fans 426 is mounted to the top wall 406 of 

enclosure 400. Top wall 406 includes an array of outlet openings 430 aligned 

with exhaust fans 426. Outlets 430 are aligned with and directly above outlet 

424, to exhaust air from the interior of FPD housing 410. A heater core 432 is 

mounted to the rear panel 408 within the interior of outer enclosure 400 to 

provide additional heat, when necessary. Heater core 432 comprises an 

electrical resistance heater, as described above. Airflow within enclosure 400 is 

further driven by a battery of circulation fans 440, mounted in a vertical row 

within the interior of the enclosure. Circulation fans 440 are mounted on a 
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vertical fan bracket 442, which mounts to the heater core 432. Circulation fans 

440 function in a similar fashion to circulation fans 84 described above. 

[0087] The airflow entering the enclosure is directed to flow over and 

around the FPD so as to maintain its temperature within the desired operating 

range. The fans, heating system and other active system components are 

controlled by the EDU as described above. 

[0088] One or more FPD power supplies 450, system controller 452, and 

other electrical components are mounted to the rear panel within the interior of 

the enclosure. 

[0089] The enclosure 400 of the seventh embodiment may be fitted within 

a video display module of any of the embodiments described above, including 

without limitation a multi-sided free standing display that incorporates multiple 

enclosures, or a mounted display unit. An audio system may be incorporated, 

as described above, and the images on FPD may be supplied by an on-site 

source or supplied remotely in the manner described above. 

[0090] The present invention encompasses variations and departures from 

the detailed embodiments described herein. The full scope of the invention 

includes the present disclosure of the invention, including the detailed 

description of embodiments, as well as the invention as set forth in the 

accompanying claims, and all functional and mechanical equivalents of any 

elements described herein. 
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CLAIMS 

1. A video screen enclosure system for displaying a flat panel video display 

unit (''FPD"), comprising a housing, a front panel member mounted to said 

housing with an airtight seal, said front panel member including a clear viewing 

panel, means to mount said FPD within said enclosure to provide an air gap at 

least partially surrounding said FPD, an air inlet to permit exterior air to enter 

into said enclosure, an air outlet to exhaust air from said enclosure, air 

circulation means to draw exterior air into said enclosure through said inlet and 

circulate ambient air within said enclosure around said FPD, a temperature 

sensor and an environmental control unit ("ECU") responsive to said 

temperature sensor and configured to control said air circulation means to 

maintain the interior temperature within said enclosure within a selected range 

suitable for operation of said FPD. 

2. A system as defined in claim 1 further comprising a heater to heat air 

within said enclosure. 

3. A system as defined in claim 2 further comprising airflow diversion means 

whereby a portion of said ambient air is directed initially through said heater and 

the remainder of said ambient air is directed around said FPD. 

4. A system as defined in claim 1 wherein said front panel member and said 

FPD are engaged to said housing with independent pivotal engagement means 

configured to permit said panel member and said FPD to independently pivot 

outwardly from said housing along parallel axes of rotation to permit access into 

the interior of said housing. 

5. A system as defined in claim 4 wherein at least one of said pivotal 

engagement means comprises mutually engaging surfaces projecting from said 

means to mount said FPD and said housing respectively, configured to oppose 

each other and rest one upon the other. 
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6. A system as defined in claim 5 wherein said mutually engaging surfaces 

comprise upwardly and downwardly projecting surfaces respectively, configured 

to interlock when engaged. 

7. A system as defined in any one of claims 4-6 further comprising struts 

connecting said panel member and said FPD to said housing to retain said panel 

member and FPD in an open position, said struts having releasable mounts to 

permit rapid disconnection of said FPD and panel member from said housing. 

8. A system as defined in any one of claims 1-7 further comprising a semi-

permeable membrane mounted to said enclosure to filter air entering said 

enclosure through said inlet, said membrane having a pore size dimensioned to 

admit air while blocking liquid water. 

9. A system as defined in any one of claims 1-8 further comprising means to 

shut down power to said FPD when said temperature is outside said range. 

10. A system as defined in any one of claims 1-9 wherein said ECU comprises 

an AC power inlet, at least one AC power outlet, and at least DC power outlet. 

11. A system as defined in any one of claim 1-10 further comprising one or 

more sensors to detect intrusion into said enclosure, breakage of said front 

panel, or movement of said enclosure, said ECU comprising means responsive to 

said sensors to shut down power to said FPD or transmit an alarm signal to a 

remote recipient. 

12. A video screen enclosure system for displaying a flat panel video display 

unit ("FPD"), comprising a housing, a front panel member mounted to said 

housing with an airtight seal, said front panel member including a clear viewing 

panel, means to mount said FPD within said enclosure to provide an air gap at 

least partially surrounding said FPD, means to circulate air within said enclosure 

around said FPD, a temperature sensor and an environmental control unit 

("ECU") responsive to said temperature sensor configured to control said means 
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to circulate air to maintain the interior temperature within said enclosure within 

a selected range suitable for operation of said FPD. 

13. A system as defined in claim 12 wherein said enclosure forms a sealed 

unit wherein essentially only interior air is recirculated through said ECU, and 

said ECU comprises a heat exchanger or air conditioner to selectively chill said 

recirculated air to maintain the interior temperature within said selected range. 

14. A system as defined in claim 12 wherein said means to circulate air 

includes at least one baffle configured to direct an air current around the front 

and rear faces of said FPD within said enclosure. 

15. A system as defined in any one of claims 12-14 wherein said means to 

circulate air includes at least one blower configured to circulate air within said 

enclosure. 

16. A system as defined in claim 12 wherein said ECU includes a heater. 

17. A system as defined in claim 12 further comprising an audio system for 

projecting sound from said enclosure, said audio system comprising at least one 

audio transducer in contact with said front panel whereby said front panel forms 

an audio driver. 

18. A system as defined in any one of claims 1-17 further comprising a flat 

panel FPD. 

19. A system as defined in any one of claims 1-18 further comprising a source 

of digital image signals and signal transmission means to transmit said signals to 

said digital display unit. 

20. A display system comprising a support frame and at least one video 

screen enclosure system as defined in any of claims 1-19 mounted to said frame 

configured to form a multi-sided display module wherein said video screen 

enclosure system forms comprises at least one side of said module. 
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21. A system as defined in claim 20 wherein said frame is configured to retain 

at least two of said enclosures in angled relationship to each other. 

22. A system as defined in claim 21 comprising a substantially enclosed 

structure defining an interior space, wherein said enclosures face outwardly from 

said structure. 

23. A system as defined in any one of claims 20-22 configured to form a 

component of a transit shelter. 

24. A system as defined any one of claims 20-23 further comprising a backlit 

poster display configured to form a side of said display module. 

25. A system as defined in any one of claims 20-24 configured as a triangular 

structure having three generally vertically oriented rectangular sidewalls at least 

one of which comprises said video screen enclosure system. 
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