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FIG. 4
d=0.004 m
SOLAR
RADIAT 10N FLOW VELOCITY IN CHANNEL [m/s]

[W/m?] 5 8 10 12 14 16
600 84.5 70.6 65.8 62.6 60.3 58.5
850 101 81.2 74.5 69.9 66.6 64.1
1100 17.5 91.9 83.1 77.2 73 69.7
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FIG. 5
d=0.005m
SOLAR
BT o FLOW VELOCITY IN CHANNEL [m/s]

[W/m?] 4 6 8 10 12 14
600 88 74.7 67.8 63.6 60.8 58.7
850 105.9 87 77.3 71.4 67.3 64.4
1100 123.9 99.4 86.8 79.1 73.9 70
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d=0.025m
SOLAR
B o FLOW VELOCITY IN CHANNEL [m/s]

[W/n’] 3 4 6 8 10

600 82 74.1 65.7 61.3 58.6

850 97.4 86.2 74.4 68. 1 64.2

1100 112.8 98.3 83 74.9 69.9
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d=0.03m
RAB(I)'A/T\}?ON FLOW VELOCITY IN CHANNEL [m/s]

[W/n?] 3 4 6 8 10
600 82 74 .1 65.8 61.4 58.7
850 97.4 86.3 74.5 68.3 64.3
1100 112.8 98.4 83.2 75.1 70
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FIG. 8
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FIG.9
FLOW SPACING DISTANCE, d 7]
veu[)gg\]r, V1 0.005 0.01 0.015 0.02 0.025
! 529 1250 1888 2517 3147
2 1259 2517 3776 5035 6293
3 1888 3776 5664 7552 9440
4 2517 5035 7552 10069 12567
5 3147 6293 9440 12567 15733
6 3776 7552 11328 15104 18880
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority under 35 U.S.C.
§119(a) from Korean Patent Application No. 2008-0055687,
filed on Jun. 13, 2008 in the Korean Intellectual Property
Office, the disclosure of which is incorporated herein in its
entirety by reference.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention

[0003] The present general inventive concept relates to a
liquid crystal display device, and, more particularly, to a
liquid crystal display device with a heat dissipation structure
to cool a liquid panel of the device.

[0004] 2. Description of the Related Art

[0005] Liquid crystal display (LCD) devices are widely
used in display applications such as displays of meters for
automobiles and/or construction equipment, laptop comput-
ers, mobile phones, TVs, etc.

[0006] An LCD device generally includes a liquid crystal
panel and a backlight unit (BLU) to apply light to a rear side
ofthe liquid crystal panel. The liquid crystal panel consists of
a pair of substrates which face each other with a liquid crystal
layer interposed therebetween. The backlight unit includes a
light source to emit the light to the liquid crystal panel. Such
light source may include a cold cathode fluorescent tube, a
light emitting diode (LED), and the like.

[0007] Thelight source in the backlight unit not only emits
light but also generates heat to cause degradation of liquid
crystals. Therefore, the LCD device must include a heat dis-
sipation element to discharge or release the heat generated by
the light source. The heat dissipation element is typically
located at a rear side relative to the liquid crystal panel, such
that this releases the heat generated from the BLU mounted
on the rear side of the liquid crystal panel.

[0008] Thus, when the LCD deviceis used outdoors, a front
side of the liquid crystal panel is exposed to sunlight, leading
1o an increase in temperature and degradation of the panel.
Accordingly, the LCD device must only be used in a limited
place, such as a room. That is, conventional LCD devices are
not applicable to outdoor billboards to which sunlight energy
is incident for long periods of time.

[0009] 1In order to solve the problems described above due
to limitations and disadvantages of the related art, the present
general inventive concept is directed an LCD device with a
heat dissipation structure to remove or release heat incident
on a front side of a liquid crystal panel.

SUMMARY OF THE INVENTION

[0010] Additional aspects and utilities of the present gen-
eral inventive concept will be set forth in part in the descrip-
tion which follows and, in part, will be obvious from the
description, or may be learned by practice of the general
inventive concept.

[0011] The foregoing and/or other aspects and utilities of
the general inventive concept may be achieved by providing a
liquid crystal display (LCD) device including a liquid crystal
panel, a protection panel arranged a predetermined distance
from the liquid crystal panel, and a flow control device to
impart turbulence to an air flow in a channel, which is defined
between the liquid crystal panel and the protection panel.
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[0012] The flow control device may be a cooling fan to
blow air to the channel.

[0013] The flow control device may also include a tempera-
ture sensor to detect a temperature of air having passed
through the channel, and a flow rate controller to regulate a
flow rate of the air blown from the cooling fan.

[0014] The flow control device may regulate a flow rate of
air in the cooling fan, which in turn, controls a flow velocity
of air in the channel in a range of 4 m/s to 14 m/s.

[0015] The channel may be defined between the liquid
crystal panel and the protection panel and has a spacing
distance in a range of 5 to 25 mm.

[0016] The channel may be an air inlet to receive air and an
air outlet to discharge the received air from the channel. The
cooling fan may be located near the air inlet.

[0017] Each of the air inlet and the air outlet may be pro-
vided with a dust filter to remove foreign matter from the air.
[0018] The LCD device may include a backlight unit and a
circuit board, both provided at the rear side of the liquid
crystal panel, and a rear panel spaced apart from the backlight
unit and the circuit board. The air passing through the chan-
nel, which is defined between the protection panel and the
liquid crystal panel, may flow via another channel formed by
the backlight unit and the circuit board so as to remove heat
generated from the backlight unit and the circuit board.
[0019] The foregoing and/or other aspects and utilities of
the general inventive concept may also be achieved by pro-
viding a liquid crystal display (LCD) including a liquid crys-
tal panel, a protection panel arranged a predetermined dis-
tance from the liquid crystal panel, and a flow control device
to detect a variation in temperature caused by heat incident on
the front side of the liquid crystal panel, and to control a flow
rate of the air blowing toward a channel, which is defined
between the liquid crystal panel and the protection panel.
[0020] The flow control device may have a flow rate con-
troller to regulate the flow rate of the air such that air in the
channel has a flow velocity of not less than 4 m/s when the
channel defined between the liquid crystal panel and the
protection panel has a spacing distance in the range of 5 to 25
mm.

[0021] The flow control device may also have a temperature
sensor to detect a temperature variation of the air having
passed through the channel. The flow rate controller is oper-
ated by a signal transmitted from the temperature sensor.
[0022] The foregoing and/or other aspects and utilities of
the general inventive concept may also be achieved by pro-
viding a liquid crystal display (LCD) device including a hous-
ing partitioned into upper and lower spaces, a liquid crystal
panel assembly arranged in the upper space, and an air con-
ditioner arranged in the lower space to blow air to the liquid
crystal assembly to cool the liquid crystal assembly.

[0023] The LCD device may also include a flow control
device to impart turbulence to air blowing toward the liquid
crystal panel assembly and, thus, to cool the liquid crystal
panel assembly.

[0024] The housing may include a protection panel formed
at the front side thereof, and the air conditioner has a cooling
fan to blow the air to a channel formed by the protection panel
and the liquid crystal panel assembly.

[0025] The flow control device may also have a flow rate
controller to regulate a flow rate of the air blown from the
cooling fan such that the air in the channel has a controlled
flow velocity.
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[0026] The channel may be formed in a space between the
liquid crystal panel assembly and the protection panel by a
spacing distance in the range of 0.005 to 0.025 m (that is, 5 to
25 mm). The flow rate controller regulates the flow rate of the
air in the cooling fan such that the flow velocity of air in the
channel may be maintained at 4 m/s or more.

[0027] Theflow control device may also include a tempera-
ture sensor to measure a temperature of the air having passed
through the channel, and to send a resulting signal to the flow
rate controller.

[0028] The flow rate controller may control the cooling fan
such that the flow velocity of the air in the channel may be
maintained at 14 m/s or less.

[0029] The liquid crystal panel assembly includes a liquid
crystal panel, a backlight unit to irradiate light to the liquid
crystal panel, and a circuit board to control the liquid crystal
panel and the backlight unit.

[0030] The foregoing and/or other aspects and utilities of
the general inventive concept may also be achieved by pro-
viding a display device including a liquid crystal panel to
display an image, a protection panel to protect the liquid
crystal panel, and a channel formed between the liquid crystal
panel and the protection panel to pass air therebetween to
remove heat from a front side of the liquid crystal panel,
wherein a distance between the liquid crystal panel and the
protection panel is in a range of 5 mm to 25 mm.

[0031] The foregoing and/or other aspects and utilities of
the general inventive concept may also be achieved by pro-
viding a display device including a liquid crystal panel to
display an image, a protection panel to protect the liquid
crystal panel, a channel formed between the liquid crystal
panel and the protection panel, and a flow control device to
provide turbulent air in the channel to remove heat from a
front side of the liquid crystal panel.

[0032] The flow control device may include a cooling fan to
blow the air to the first channel, a flow rate controller to
regulate a flow rate of air in the cooling fan to control a flow
velocity of the air in the channel, and a temperature sensor to
measure temperature of the air having passed through the first
channel, and to send a resulting signal to the flow rate con-
troller.

[0033] A distance between the liquid crystal panel and the
protection panel may be determined by a static pressure-flow
rate curve of the cooling fan.

[0034] The foregoing and/or other aspects and utilities of
the general inventive concept may also be achieved by pro-
viding a display device including a housing a display assem-
bly disposed inside the housing and spaced apart from the
housing to form front, top, and rear air flow channels in order.
[0035] The display device may further include a flow con-
trol device to generate an air flow to flow air through the front,
top and rear air channels in order.

[0036] The flow control device may include an air condi-
tioner to generate a cooling air as the air flows.

[0037] Each of the LCD devices with the constructions
described above according to the present general inventive
concept has an advantage of not being degraded even when
used outdoors and, therefore, is effectively applicable regard-
less of location.

[0038] Furthermore, the cooling fan in the LCD device of
the present general inventive concept can be controlled

Dec. 17, 2009

depending on the outdoor environments, thereby possibly
reducing electric power consumption.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] These and/or other aspects and utilities of the
present general inventive concept will become apparent and
more readily appreciated from the following description of
the embodiments, taken in conjunction with the accompany-
ing drawings of which:

[0040] FIG. 1 is a perspective view illustrating a liquid
crystal display device according to an embodiment of the
present general inventive concept;

[0041] FIG. 2 is a side cross-sectional view illustrating the
liquid crystal display device of FIG. 1,

[0042] FIG. 3 is a rear side view illustrating the liquid
crystal display device of FIG. 1;

[0043] FIG. 4 illustrates a table for maximum temperatures
of a liquid crystal with respect to solar radiation at an outdoor
temperature of 45° C. and flow velocity of air in a first chan-
nel, when the first channel is formed at a spacing distance of
0.004 m;

[0044] FIG. Sillustrates a table for maximum temperatures
of aliquid crystal with respect to solar radiation at an outdoor
temperature of 45° C. and flow velocity of air in a first chan-
nel, when the first channel is formed at a spacing distance of
0.005 m;

[0045] FIG. 6 illustrates a table for maximum temperatures
of a liquid crystal with respect to solar radiation at an outdoor
temperature of 45° C. and flow velocity of air in a first chan-
nel, when the first channel is formed at a spacing distance of
0.025 m;

[0046] FIG. 7illustrates a table for maximum temperatures
of a liquid crystal with respect to solar radiation at an outdoor
temperature of 45° C. and flow velocity of air in a first chan-
nel, when the first channel is formed at a spacing distance of
0.03 m;

[0047] FIG. 8 is a graph illustrating a static pressure-flow
rate curve of a typical cooling fan;

[0048] FIG. 9illustrates a table for Reynolds numbers with
respect to different flow velocities of air in a first channel
depending on a spacing distance of the same; and

[0049] FIG. 10 is a cross sectional view illustrating a liquid
crystal display device according to another embodiment of
the present general inventive concept.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0050] Reference will now be made in detail to embodi-
ments of the present general inventive concept, examples of
which are illustrated in the accompanying drawings, wherein
like reference numerals refer to the like elements throughout.
The embodiments are described below to explain the present
general inventive concept by referring to the figures.

[0051] A description will be given of an exemplary
embodiment of the present general inventive concept with
reference to FIGS. 1 to 3.

[0052] FIG. 1 is a perspective view illustrating a liquid
crystal display device according to the exemplary embodi-
ment of the present general inventive concept. A display
device, such as a flat display panel or a PDP apparatus, can be
used as the liquid crystal display device.

[0053] As illustrated in FIG. 1, the liquid crystal display
device includes a housing 10 and a bottom plate 11 arranged
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beneath the housing 10 to support the same. The housing 10
includes two opposite side panels 13, a top panel 14 to join the
side panels 13, a protection panel 12 provided at a front side
of the housing 10, and a rear panel 15 provided at a rear side
of the housing 10. The housing 10 is equipped with an LCD
assembly 20 having a liquid crystal panel 21 therein. The
protection panel 12 may be prepared using a transparent
material such as glass such that an image displayed by the
liquid crystal panel 21 (as illustrated in FIG. 2) can be viewed
outside the housing 10.

[0054] FIG. 2 is a side cross-sectional view and FIG. 3 is a
rear perspective view illustrating the liquid crystal display
device illustrated in FIG. 1.

[0055]  As illustrated in FIGS. 2 and 3, the housing 10 is
partitioned into upper and lower spaces by a partition 16 built
in the housing. There is a liquid crystal panel assembly 20 in
the upper space while an air conditioner 30 is arranged in the
lower space. A display panel assembly, such as a flat display
assembly or a PDP assembly, can be used as the LCD assem-
bly 20. The liquid crystal panel 21 which displays an image is
included in the liquid crystal panel assembly 20. The liquid
crystal panel assembly 20 also includes a backlight unit 22
located at a rear side of the liquid crystal panel 21 to irradiate
light thereto, and a circuit board 23 located at arear side of the
backlight unit 22 to control operation of the liquid crystal
panel 21 and the backlight light 22. The air conditioner 30
includes an evaporator 31 and a cooling fan at an upper
portion thereof, as well as a compressor 33, a condenser 34
and an air blowing fan 35 at a lower portion thereof.

[0056] The liquid crystal panel assembly 20 is disposed
such that the liquid crystal panel assembly 20 is spaced apart
from the protection panel 12 at the front side of the housing
10. The liquid crystal panel assembly 20 is also spaced apart
from the rear panel 15 at the rear side of the housing 10. The
liquid crystal panel assembly 20 is also spaced from the top
panel 14 of the housing 10. Accordingly, air in the housing 10
can pass through a first channel 41 defined between the liquid
crystal panel assembly 20 and the protection panel 12, a
second channel 42 defined between the liquid crystal panel
assembly 20 and the top panel 14 of the housing 10, and a
third channel 43 defined between the liquid crystal panel 20
and the rear panel 15. The first channel 41 has a first distance
D1, the second channel 42 has a second distance D2, and the
third channel 43 has a third distance D3. The third distance D3
may be different from the first distance D1 and the second
distance D2.

[0057] The partition 16 has an air outlet 18 at a rear portion
thereof such that the upper space and lower spaces of the
housing 10 can communicate with each other. Therefore, the
air in the third channel 43 can move toward the evaporator 31.
The partition 16 also has an air inlet 17 at a front portion
thereof'such that the upper and lower spaces of the housing 10
communicate with each other. As a result, air blown from the
cooling fan 32 can move to the first channel 41.

[0058] The cooling fan 32 has an exit 36 arranged at the air
inlet 17 where air emerging from the exit 36 passes through
the first channel 41. Therefore, the air blown toward the first
channel 41 by the cooling fan 32 is maintained at a relatively
low temperature because it has already passed through the
evaporator 31. Accordingly, the air blown toward the first
channel 41 by the cooling fan 32 removes heat incident on the
front side of the liquid crystal panel 21 and cools the liquid
crystal panel 21 while passing through the first channel 41.
The heat incident on the front side of the liquid crystal panel
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21 may include solar radiation, heat transfer caused by a
variation in ambient temperature, and the like. Afier passing
through the first channel 41, the air passes through the second
and third channels 42 and 43 in this order. In particular, the air
passing through the third channel 43 removes heat generated
from the backlight unit 22 and the circuit board 23. After
emerging from the third channel 43, the air is cooled again
while passing through the evaporator 31.

[0059] An air flow process in the housing 10 will be
described in detail below: the cooled air having passed
through the evaporator 31 passes through the air inlet 17 by
the cooling fan 32. Next, the air sequentially passes through
the first, second and third channels 41, 42 and 43. Herein, the
air removes the heat incident on the front side of the liquid
crystal panel 21 while passing through the first channel 41 as
well as the heat generated from the backlight unit 22 and the
circuit board 23 during passage through the third channel 43.
Following this, the air returns to the evaporator 31 through the
air outlet 18.

[0060] As is apparent from the description disclosed above,
in the liquid crystal display device of the present general
inventive concept, the liquid crystal panel assembly 20 is
disposed in the upper space and the air conditioner 30 is
disposed in the lower space of the housing 10, so that the air
conditioner 30 can cool the liquid crystal panel assembly 20.
However, when the liquid crystal display device is located
outside and is continuously exposed to solar radiation and,
when the external temperature increases in the summer, the
front side of the liquid crystal panel 21 is heated and leads to
arapid increase in temperature of liquid crystals in the panel,
which in turn, results in degradation of liquid crystals. There-
fore, a method may be devised that improves performance of
the air conditioner 30 to decrease the temperature of air blow-
ing toward the first channel 41 to prevent degradation of
liquid crystals. However, in orderto improve the performance
of the air conditioner 30, the air conditioner 30 must be
enlarged, which may result in increased manufacturing costs.
Consequently, in consideration of various requirements and
manufacturing costs that inhibit the liquid crystal display
device from being infinitely enlarged, another approach to
prevent degradation of liquid crystals is still required.
[0061] The LCD device of the present general inventive
concept is configured such that the air passing through the
first channel 41 can sufficiently absorb the heat incident on
the front side of the liquid crystal panel 21, taking into con-
sideration the fact that the degradation of liquid crystals
occurs due to the heat incident on the front side of the liquid
crystal panel 21. Thus, if the air passing through the first
channel 41 is turbulent, the turbulent air flow can consider-
ably remove the heat incident on the front side of the liquid
crystal panel 21, compared to a laminar flow. One reason for
this is presumed to be because the turbulent air flow has
greater inertia than the laminar flow to induce a variation of
velocity over time, therefore, this abnormal flow accelerates
mixing ina boundary layer, resulting in improved momentum
and heat transfer performance.

[0062] Hereinafter, a description will be given of a spacing
distance “d” of the first channel 41 to generate a turbulent air
flow in the first channel 41 and the flow velocity of air blown
toward the first channel 41 by the cooling fan 32.

[0063] FIG. 3illustrates that the liquid crystal panel assem-
bly 20 is fixed to the opposite side panels 13 ofthe housing 10
by U-shaped coupling pieces 24. When fixing the liquid crys-
tal panel assembly 20 to the housing 10, the liquid crystal
panel 21 may be located a spacing distance “d” from the
protection panel 12 and the spacing distance D1 is regulated
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in a range of 5 to 25 mm. If D1 is less than 5 mm, the liquid
crystal panel 21 has a high risk of damage where the protec-
tion panel 12 fails due to an external impact. Alternatively, if
D1 exceeds 25 mm, the protection panel 12 has a relatively
high index of refraction, which may cause a problem that an
image displayed by the liquid crystal panel 21 cannot be
clearly viewed.

[0064] FIGS. 4 to 7 illustrate tables of maximum tempera-
tures of the LC with respect to solar radiation at an outdoor
temperature of 45° C. and flow velocity of the first channel. In
particular, FIG. 4 illustrates the table when the spacing dis-
tance D1 of the first channel 41 is 0.004 m and, likewise, FIG.
5 illustrating a case that the spacing distance D1 of the first
channel 41 is 0.005 m, FIG. 6 illustrating a case that the
spacing distance D1 of the first channel 41 is 0.025 m and
FIG. 7 illustrating a case that the spacing distance D1 of the
first channel 41 is 0.03 m.

[0065] To consider that ambient temperature can reach a
maximum of about 45° C. under typical outdoor environ-
ments and solar radiation generally ranges from 600 to 850
W/m?2 with amaximum of about 1100 W/m2, determining the
flow velocity of air in the first channel 41 is possible, which is
required to prevent degradation of liquid crystals. It is gener-
ally known that the liquid crystals are degraded at tempera-
tures above 70° C. As such, the flow velocity of air in the first
channel 41 may be determined based on the above conditions.

[0066] Referring to FIGS. 4 and 3, ifthe first channel 41 has
aspacing distance D1 of 0.004 m, the air has a maximum flow
velocity of 16 m/s to prevent the degradation of liquid crys-
tals. Likewise, if the first channel 41 has a spacing distance D1
0f 0.005 m, the maximum flow velocity of air to prevent the
degradation of liquid crystals is 14 m/s. Also, as illustrated in
FIGS. 6 and 7, the maximum flow velocity of air required to
prevent the degradation of liquid crystals is 10 m/s, which is
substantially the same in cases that the first channel 41 has the
spacing distance D1 of 0.025 m and 0.03 m, respectively.

[0067] However, if the spacing distance D1 of the first
channel 41 is too narrow, an excessive pressure drop may
occur while achieving a desired flow velocity of air. On the
contrary, when the spacing distance D1 of the first channel 41
is too wide, an excessively high air flow rate may be required
10 achieve the desired flow velocity of air. For a common LCD
device where the LCD device 21 has a size of 46 inches and
the cooling fan 32 is a typical one, the spacing distance D1 of
the first channel 41 may be determined by a static pressure-
flow rate curve of the cooling fan 32.

[0068] FIG.8 is agraph illustrating the static pressure-flow
rate curve of a typical cooling fan.

[0069] With reference to FIG. 8, the spacing distance D1 of
the first channel 41 where the pressure drop is acceptable will
hereinafter be described in more detail.

[0070] When the spacing distance D1 of the first channel 41
is 0.004 m, the maximum flow velocity of air required to
prevent the degradation of liquid crystals is 16 m/s. Herein,
the pressure drop may be calculated by the following equation
I:

AP=fp(LV*) /2D, [Equation 1]

=622Pa
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wherein f is a coefficient of friction; p is density; L is the
length of a liquid crystal panel; V is a flow velocity; and Dhis
a hydraulic diameter.

[0071] When the spacing distance D1 ofthe first channel 41
is 0.005 m, the maximum flow velocity of air required to
prevent the degradation of liquid crystals is 14 m/s. Herein,
the pressure drop may be calculated by the above equation 1,
as follows.

AP=fp(L¥?)i2D,=371 Pa

[0072] Referring to FIG. 8, which illustrates the static pres-
sure-flow rate curve of the cooling fan, in conjunction with
the pressure drop obtained from equation 1, when the spacing
distance D1 of the first channel 1 is 0.004 m, the pressure drop
is 622 Pa which is considerably higher than the critical static
pressure of the cooling fan 32, that is, 392 Pa. Alternatively, if
the spacing distance d of the first channel is 0.005 m, the
pressure drop is 371 Pa, which is within an effective opera-
tional range of the cooling fan 32. Accordingly, a minimum
spacing distance “d1” of the channel 41 may be determined to
be 0.005 m.

[0073] Next, referring to FIG. 8, a description will be given
ofalimitation for the flow rate of air depending on the spacing
distance D1 of the first channel 41 below.

[0074] When the spacing distance D1 ofthe first channel 41
15 0.025 m, the maximum flow velocity required to prevent the
degradation of liquid crystals is 10 m/s. Herein, adesired flow
rate of air may be calculated by the following equation 2:

0=VA [Equation 2]

=10+0.6+0.025
=0.15m’/s

=9CMM

wherein V is a flow velocity, and A is a cross-sectional area.

[0075] Ifthe spacing distance D1 of the first channel 41 is
0.03 m, the maximum flow velocity of air required to prevent
the degradation of liquid crystals is 10 m/s. Herein, the
desired flow rate of air may be calculated by the above equa-
tion 2, as follows.

0=V4=10*0.6*0.03=0.18 m3/s=10.8 CMM

[0076] Referring to FIG. 8, which illustrates the static pres-
sure-flow rate curve of the cooling fan, in conjunction with
the flow rate of air obtained from equation 2, when the spac-
ing distance D1 of the first channel 1 is 0.025 m, the desired
flow rate is 9 CMM which is within a critical flow rate of air
in the cooling fan 32, that is, 10 CMM. Alternatively, if the
spacing distance D1 of the first channel is 0.03 m, the desired
flow rate is 10.8 CMM over the critical flow rate described
above. Accordingly, in consideration of the flow rate condi-
tion, the spacing distance D1 of the first channel 41 must be
less than 0.025 m. Moreover, the critical flow rate of air in the
cooling fan 32, 10 CMM, is a value only possible under free
flow conditions without pressure drop. However, since the
pressure drop must be considered for a real flow, for example,
the first channel 41 has the maximum spacing distance “d2”
0f0.025 m.

[0077] Consequently, to consider functions of the protec-
tion panel 12 as well as the static pressure-flow rate curve of
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the cooling fan 32, the spacing distance D1 of the first channel
41 may be defined in the range of 0.005 to 0.025 m.

[0078] The above description was given of the maximum
flow velocity required to prevent the degradation of liquid
crystals depending on the spacing distance D1 of the first
channel 41. However, even when the LCD device is located
outside, maintaining the flow velocity of air which flows
through the first channel 31 at a maximum level is unneces-
sary. This is because outdoor air temperature is typically
below 45° C. and the solar radiation is also generally less than
1100 W/m2.

[0079] Referring to FIG. 2, the LCD device of the present
general inventive concept includes the flow control device 50
to regulate the flow rate of air in the cooling fan 32 based on
the temperature around the liquid crystal panel assembly 20,
which in turn, controls the flow velocity of air flowing
through the first channel 41. That is, when the outdoor air
temperature is below 45 and the solar radiation is less than
1100 W/m2 such that the maximum flow velocity is not
needed, the flow control device 50 controls the cooling fan 32
to regulate the flow velocity of air in the first channel 41 to be
maintained at a lower level.

[0080] The flow control device 50 includes the cooling fan
32 to blow air to the first channel 41, the temperature sensor
52 that measures the temperature of air emerging from the
first channel 41, and the flow rate controller 51 that controls
the cooling fan 32 according to a signal transmitted from the
temperature sensor 52. The temperature sensor 52 determines
the temperature when the air absorbed heat as much as pos-
sible while passing through the first to third channels 41, 42
and 43, in order. For this reason, the temperature sensor 52
may be arranged near the outlet 18 provided at the partition
16.

[0081] When the flow control device 50 imparts turbulence
to air in the first channel 41, the turbulent air flow may
effectively remove heat incident on the front side of the liquid
crystal panel 21. Accordingly, the flow control device 50 must
control the cooling fan 32 such that the air in the first channel
41 has a flow velocity required to impart turbulence to the air
flow.

[0082] Thus, the following description will be given of flow
velocity conditions for the first channel 2 to generate a turbu-
lent air flow where the spacing distance D1 of the first channel
41 ranges from 0.005 to 0.025 m. It is well known that the
Reynolds number is an indication index to distinguish a lami-
nar flow from a turbulent flow in a channel and may be defined
by the following equation:

Re=VDW

whereinV is a flow velocity; D is a hydraulic diameter; and v
is kinematic viscosity.

[0083] Flows with a Reynolds number of not more than
2300 are defined as laminar and, if the Reynolds number
exceeds 2300, the flow may be considered turbulent.

[0084] FIG. 9 illustrates a table of Reynolds numbers with
respect to different flow velocities of air in the first channel
depending on the spacing distance of the first channel.
[0085] Withreference to FIG. 9, achieving a minimum flow
velocity of air sufficient to generate a turbulent flow is pos-
sible. Also, the flow velocity of air must be at least 4 m/s in
order to generate a turbulent flow, where the channel has the
spacing distance of 0.005 m. As a result, the minimum flow
velocity may be assumed to be 4 m/s, which is required to
reduce the solar radiation incident on the front side of the
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liquid crystal panel 21 using the turbulent flow. Therefore, the
flow rate controller 51 in the flow control device 50 must
regulate the flow rate of air in the cooling fan 32 such that the
air in the first channel 41 has a controlled flow velocity of at
least 4 m/s.

[0086] Consequently, the flow control device 50 may con-
trol the cooling fan 32 to maintain the flow velocity of at least
4 m/s such that a turbulent flow is generated in the channel 41,
while regulating the flow velocity up to a maximum value of
14 ny/s required to prevent degradation of liquid crystals. In
this case, the temperature sensor 52 measures the temperature
of the air having passed through all of the first to third chan-
nels 41, 42 and 43, and the flow rate controller 51 regulates the
flow rate of air in the cooling fan 32 according to a signal
transmitted from the temperature sensor 52 such that the airin
the first channel 41 has a flow velocity ranging from 4 m/s to
14 m/s.

[0087] FIG. 10 is a cross sectional view illustrating a liquid
crystal display device according to another embodiment of
the present general inventive concept.

[0088] The LCD device illustrated in FIG. 10 is substan-
tially identical to that illustrated in FIG. 2, except that the air
conditioner 30 is omitted. Since the incident heat on the front
side of the liquid crystal panel 21 is mostly removed by the
turbulent flow flowing through the first channel 41, the LCD
device illustrated in FIG. 10 does not include any additional
air conditioner 30 (see FIG. 2).

[0089] Withregard to anair flowing structure in the housing
10, air flows through an opening 19 formed through the rear
panel 15 into the cooling fan 32. After dust filters 60 filter
foreign materials from the air, the cooling fan 32 passes the
filtered air through the air inlet 17. Following this, the air
sequentially flows through the first, second and third channels
41,42 and 43. The air removes heat incident on the front side
of the liquid crystal panel 21 while passing through the first
channel 41. Alternatively, the air also removes heat generated
from the BLU 22 and the circuit board 23 during passage
through the third channel 43. Thereafter, the air is discharged
through the air outlet 18 out of the housing 10.

[0090] Similarly to the LCD deviceillustrated in F1G. 2, the
LCD device illustrated in FIG. 10 also has the flow control
device 50 to impart turbulence to the air in the first channel 41.
The flow control device 50 includes the cooling fan 32 to blow
air to the first channel 41, the flow rate controller 51 that
regulates the flow rate of air in the cooling fan 32 to control the
flow velocity of air in the first channel 41, and the temperature
sensor 52 that measures temperature of the air having passed
through the first channel 41 and sends the resulting signal to
the flow rate controller 51.

[0091] In this regard, the first channel is located a spacing
distance D1 in the range 0£0.005 to 0.025 m, and the flow rate
controller 51 controls the cooling fan 32 to maintain the flow
velocity of air in the first channel 41 in the range of 4 to 14
mss.

[0092] Such conditions, that is, the spacing distance D1 of
the first channel 41 and the flow velocity of the air in the first
channel 41 have been described with reference to FIGS. 4 to
9, therefore, no further detailed description of the same con-
ditions will be given.

[0093] Although various embodiments of the present gen-
eral inventive concept have been illustrated and described, it
would be appreciated by those skilled in the art that changes
may be made in these embodiments without departing from
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the principles and spirit of the general inventive concept, the
scope of which is defined in the claims and their equivalents.

What is claimed is:

1. A liquid crystal display device, comprising:

a liquid crystal panel,

a protection panel arranged a predetermined distance from
the liquid crystal panel; and

a flow control device to impart turbulence to an air flow in
a channel, which is defined between the liquid crystal
panel and the protection panel.

2. The liquid crystal display device according to claim 1,

wherein:

the flow control device comprises a cooling fan to blow air
to the channel,

the channel comprises an air inlet to receive air and an air
outletto discharge the air received from the channel; and

the cooling fan is located near the air inlet.

3. The liquid crystal display device according to claim 2,

wherein the flow control device further comprises:

a temperature sensor to measure a temperature of air hav-
ing passed through the channel; and

a flow rate controller to regulate a flow rate of air blown
from the cooling fan according to a signal transmitted
from the temperature sensor.

4. The liquid crystal display device according to claim 3,

wherein:

the flow rate controller regulates the flow rate of air in the
cooling fan such that the air in the channel has a con-
trolled flow velocity in a range of 4 to 14 my/s.

5. The liquid crystal display device according to claim 2,

wherein:

each of the air inlet and the air outlet is provided with a dust
filter to remove foreign materials from the air.

6. The liquid crystal display device according to claim 1,

wherein:

the channel defined between the liquid crystal panel and
the protection panel has a spacing distance in a range of
510 25 mm.

7. The liquid crystal display device according to claim 1,

further comprising:

a housing enclosing the liquid crystal panel,

wherein the protection panel is made of a transparent mate-
rial and is entirely located at a front side of the housing.

8. The liquid crystal display device according to claim 1,

further comprising:

a backlight unit and a circuit board, both provided at a rear
side of the liquid crystal panel; and a rear panel spaced
apart from the backlight unit and the circuit board,
wherein:

the air emerging from the channel, which is defined
between the protection panel and the liquid crystal
panel, flows via another channel formed by the backlight
unit and the circuit board so as to remove heat generated
from the backlight unit and the circuit board.

9. A liquid crystal display device, comprising:

a liquid crystal panel,

a protection panel arranged a predetermined distance from
the liquid crystal panel; and

a flow control device to detect temperature variation
caused by heat incident on a front side of the liquid
crystal panel, and to control a flow rate of air blowing
toward a channel, which is defined between the liquid
crystal panel and the protection panel.
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10. The liquid crystal display device according to claim 9,

wherein:

the flow control device has a flow rate controller to regulate
the flow rate of the air such that air in the channel has a
flow velocity of not less than 4 m/s when the channel
defined between the liquid crystal panel and the protec-
tion panel has a spacing distance in a range of 5 to 25
mm.

11. The liquid crystal display device according to claim 10,

wherein:

the flow control device further includes a temperature sen-
sor to detect a temperature variation of the air having
passed through the channel, and the flow rate controller
is operated according to a signal transmitted from the
temperature sensor.

12. A liquid crystal display device, comprising:

a housing partitioned into upper and lower spaces;

aliquid crystal panel assembly arranged in the upper space;
and

an air conditioner arranged in the lower space to blow air to
the liquid crystal assembly, and to cool the liquid crystal
assembly.

13. The liquid crystal display device according to claim 12,

further comprising;

a flow control device to impart turbulence to the air being
blown toward the liquid crystal panel assembly, to cool
the liquid crystal panel assembly.

14. The liquid crystal display device according to claim 13,

wherein:

the housing includes a protection panel provided at a front
side of the housing, and the air conditioner includes a
cooling fan to blow the air to a channel defined between
the protection panel and the liquid crystal panel assem-
bly.

15. The liquid crystal display device according to claim 14,

wherein the flow control device further comprises:

a flow rate controller to regulate a flow rate of the air in the
cooling fan such that the air in the channel has a con-
trolled flow velocity.

16. The liquid crystal display device according to claim 15,

wherein:

the channel defined between the liquid crystal panel assem-
bly and the protection panel has a spacing distance in a
range of 0.005 to 0.025 m, and the flow rate controller
regulates the flow rate of the air in the cooling fan such
that the flow velocity of air in the channel is maintained
at 4 m/s or more.

17. The liquid crystal display device according to claim 15,

wherein:

the flow control device further includes a temperature sen-
sor to measure a temperature of the air having passed
through the channel, and to send a resulting signal to the
flow rate controller.

18. The liquid crystal display device according to claim 17,

wherein:

the flow rate controller controls the cooling fan such that
the flow velocity of the air in the channel is maintained
at 14 m/s or less.

19. The liquid crystal display device according to claim 12,

wherein the liquid crystal panel assembly comprises:

a liquid crystal panel;

a backlight unit irradiate light to the liquid crystal panel;
and
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a circuit board to control the backlight unit and the liquid
crystal panel.

20. A display device, comprising:

a liquid crystal panel to display an image;

a protection panel to protect the liquid crystal panel; and

a channel formed between the liquid crystal panel and the
protection panel to pass air therebetween to remove heat
from a front side of the liquid crystal panel,

wherein a distance between the liquid crystal panel and the
protection panel is in a range of 5 mm to 25 mm.

21. A display device, comprising:

a liquid crystal panel to display an image;

a protection panel to protect the liquid crystal panel,

a channel formed between the liquid crystal panel and the
protection panel; and

a flow control device to provide turbulent air in the channel
to remove heat from a front side of the liquid crystal
panel.

22. The display device according to claim 21, wherein the

flow control device comprises:
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a cooling fan to blow the air to the first channel;

a flow rate controller to regulate a flow rate of air in the
cooling fan to control a flow velocity of the air in the
channel; and

a temperature sensor to measure temperature of the air
having passed through the first channel, and to send a
resulting signal to the flow rate controller.

23. The display device according to claim 22, wherein a
distance between the liquid crystal panel and the protection
panel is determined by a static pressure-flow rate curve of the
cooling fan.

24. A display device, comprising:

a housing;

a display assembly disposed inside the housing and spaced
apart from the housing to form front, top, and rear air
flow channels in order; and

a flow control device to generate an air flow to flow air
through the front, top and rear air channels in order.

25. The display device according to claim 21, further com-
prising:

an air conditioner to generate a cooling air as the air flows.

L
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