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(57) Abrége/Abstract:

For use In an electronic device having a plurality of multistage circuit boards therein, the present invention provides a cooling
system, which supplies a cooling wind to the circuit boards at an equal speed. The present invention provides the system
comprising a plurality of inlet-side guides arranged in parallel on an inlet port side of the plurality of circuit boards in a direction of
a flow of the air taken in from an inlet port and each inclined at a predetermined angle toward a side opposite to the inlet port and
a plurality of fans blowing onto the circuit boards the air guided by the plurality of inlet-side guides. The system further comprises
a mesh member between the inlet-side guides and the fans.
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ABSTRACT OF THE DISCLOSURE

For use in an electronic device having a plurality of
multistage circuit boards therein, the present invention
provides a cooling system, which supplies a cooling wind to
the circuit boards at an equal speed. The present invention
provides the systemcomprising aplurality of inlet-side guE’Ldes
arranged in parallel on an inlet port side of the plurality
of circuit boards in a direction of a flow of the air taken
in from an inlet port and each inclined at a predetermined angle
toward a side opposite to the inlet port and a plurality of
fans blowing onto the circuit boards the air guided by the
plurality of inlet-side guides. The system further comprlses

a mesh member between the inlet-side guides and the fans.
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ELECTRONIC DEVICE COOLING SYSTEM

HAVING GUIDES FOR GUIDING A FLOW OF THE AIR EVENLY

BACKGROUND OF THE INVENTION

The present invention relates to a cooling system of an
electronicdevice having aplurality of circuit boards therein.
In a conventional electronic device inwhichmany circuit
boards are 1installed, the circuit boards are arranged
10 wvertically inmultiple stages to reduce the signal propagation
delay time among the circuit boards.
Referring to Fig. 7, a conventional electronic device
1 comprises a plurality of circuit boards 2, each having a
plurality of ele;ctronic components such as large-scale
15 1integrated circuits (LSIs) and integrated circuits (ICs)
thereon, and a cabinet 11 in which these circuit boards 2 are
installed in multiple stages arranged vertically. On the
bottom of the cabinet 11 1s provided an i1nlet port 3 through
which air (cool air) is taken in into the cabinet 11; on the
20 top of the cabinet 11 is provided an exhaust port 4 through
which air is exhausted from the cabinet 11. In addition, to
blow cool air taken 1in through the inlet port 3 onto the
electronic components on the circuit boards 2 and to cool them,
a plurality of fans 5 are provided on the inlet port sides of
25 the circuit boards 2.
In the conventional electronic device 1 such as the one

described above, the fans 5 take in air through the inlet port

3 1nto the cabinet 11 to supply 1t to the plurality of circuit
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boards 2. The air, warmed by the electronic components on the
circuit boards 2, 1s exhausted from the cabinet 11 through the
exhaust port 4.

- When the heat generated by the electronic components in
the conventional electronic device 1 becomes high, the
temperature of the room (hereinafter called “machine room”)
where electronic device 1 is mounted rises. This warms the
alr blown by the fans 5 onto the electronic components, making
1t difficult to cool the electronic components properly.

In such a case, an air conditioning system is usually
provided i1n the machine room to lower the temperature of the
air in the room. In a machine room where a large electronic
device 1s 1nstalled, the so-called floor air-conditioning
system that suppli‘es cool air under the floor is usually used.
In this system, air blown up from under the floor cools the
inside of the electronic device.

In Fig. 7, the wind speed at arrow X at which cool air
is blown up from under the floor 1s, usually, as high as 2 meter
to 3 meter per second. Inside the cabinet 11, the larger the
distance from the inlet port 3, the lower the speed of the cool
air. That 1s, the wind speeds inside the cabinet 11 are in
order of (wind speed at arrow A) > (wind speed at arrow B) > (wind
speed at arrow C). The lower the speed of the cool air that
1s blown upward, the easier 1t 1s to catch the cool air. This
means that it is easier for a fan 5C arranged near the top of
the cabinet 11 to catch the cool air. Conversely, it 1is
difficult for a fan 5A provided near the bottom of the cabinet

11 to catch the cool air because the speed of the cool air blown




10

15

20

25

CA 02278901 1999-07-27

upward,is.highd That 1s, the amounts of the cool air caught
by the fans 5A to 5C and supplied to the circulit boards 2 are
in the order of (amount of cool air at arrow C’)>(amount of
cool air at arrow B’)>(amount of cool air at arrow A').
Therefore, the cool air flowing slowly near a circuit board
2a installed near the bottom of the cabinet 11 does not have
a sufficient cooling effect as compared with the cool\air
flowing somewhere else in the cabinet 11. In some cases, the
speed of the cool air falls below a predetermined level with
the result that the lower-stage circuit board 2A cannot be
cooled enough.

In such a case, for blowing a wind at a predetermined
speed near the lower-stage circuilt board Z2A, 1t is required
that the fans 5 are more powerful or a larger distance from
the inlet port 3 to the fans 5. However, this configuration

makes the fans 5 noisier and the cabinet 11 larger.
SUMMARY OF THE INVENTION

It 1is an object of the present invention to provide an
electronic device cooling system, which supplies winds evenly
among a plurality of circult boards 1n an electronic device
containing multistage circuit boards arranged vertically.

One aspect of the present invention 1s An electronic
device cooling system comprising a cabinet; a plurality of
circuit boards, i1nstalled in said cabinet, having electronic
parts thereon; an i1nlet port through which air 1s taken in 1nto

said cabinet; and a plurality of inlet-side guides, arranged



10

15

20

25

CA 02278901 1999-07-27

in parallel on an inlet port side of said plurality of circuit
boards 1n a direction of a flow of the air taken in from said
inlet port, guiding said air taken in from said inlet port.

Another aspect of the present invention is an electronic
device cooling system comprising a cabinet; a plurality of
circult boards, installed in said cabinet, having electronic
parts thereon; an exhaust port through which air is exhausted
from said cabinet; aplurality of exhaust-side guides, arranged
in parallel on an exhaust port side of said plurality of circuit
boards in a direction of a flow of the air exhausted from said
exhaust port and each inclined at a predetermined angle toward
said exhaust port, guiding the air warmed by said electronic
parts on said circuit boards; and a plurality of fans exhausting
the air warmed by said electronic parts on said circuit boards
from said exhaust port via said plurality of exhaust-side
guides.

A still another aspect of the present invention is an
electronic device cooling system comprising a cabinet; a
plurality of circuit boards, installed in said cabinet and
having electronic parts thereon; an inlet port through which
alr 1s taken in into said cabinet; a plurality of inlet-side
guides, arranged 1in parallel in a direction of a flow of the
air taken in from said inlet port and each inclined at a
predetermined angle toward a side opposite to said inlet port,
gu'iding the air taken in from said inlet port; a plurality of
first fans blowing onto said circuit boards the air taken in
through said inlet port and guided by said plurality of

inlet-side guides; an exhaust port through which the air 1is
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exhausted fromsaid cabinet; aplurality of exhaust-side guides,
arranged 1in parallel in a direction of a flow of the air
exhausted from sailid exhaust port and each inclined at a
predetermined angle toward said exhaust port, guiding the air
warmed by said electronic parts; and a plurality of second fans
exhausting the warmed air from said exhaust port wvia said

plurality of exhaust-side guides.
BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be understood more fully from the
detailed description given here below and from the accompanying
drawings of preferred embodiments of the invention:

Fig. 1 1is a.sectional view showing a first embodiment
of the present invention;

Fig. 2 1s a sectional view showing a second embodiment
of the present invention;

Fig. 3 1s a sectional view showlng a third embodiment
of the present invention;

Fig. 4 is a sectional view showing a fourth embodiment
0of the present invention;

Fig. 5 1s a sectional view showing a fifth embodiment
of the present invention;

Fig. 6 1s a perspective view showing the fifth embodiment
of the present invention; and

Fig. 7 1s a sectional view showling the cooling system

used 1n a conventional electronic device.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

The pfesent invention will be described in detail by
referring to the attached drawings.

Referring to Fig. 1, a first embodiment of the present
invention comprises a plurality of circuit boards 2, each
having a plurality of electronic components such as large-
scale 1ntegrated circuits (LSIs) and integrated circuits (ICs)
thereon, and a cabinet 11 in which these circuit boards 2 are
installed i1n multiple stages arranged vertically. On the
bottom of the cabinet 11 i1s provided an inlét port 3 through
which air (cool air) 1s taken in into the cabinet 11. On the
top of the cabinet 11 1s provided an exhaust port 4 through
which air 1is exhaqsted from the cabinet 11. To blow cool air
taken in through the inlet port 3 onto the electronic components
on the circult boards 2 and to cool them, a plurality of fans
5 are provided on the inlet port sides of the circuit boards
2. The fans 5 are not necessary absolutely. It is possible to
implement even i1f there are not any fans 5. In addition, a
plurality of 1nlet-side guides 6 are provided on the inlet port
3 side of the fans 5. Further, a plurality of exhaust-side
guldes 7 are provided on the exhaust port 4 side which 1is
opposite to the fans 5 across the circuit boards 2.

In this embodiment, a total of six (vertical three by
horizontal two) fans 5, arranged in the matrix form, are
installed vertically on the bottom of the cabinet 11 (In Fig.
1, only three fans on the front are shown).

One inlet-side guide 6 and one exhaust-side guide 7 are
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arranged for each horizontal row of fans 5. The 1nlet-side
guides 6 are arranged in the direction in which the air taken
in through the inlet port 3 flows, while the exhaust-side guides
7 in the direction in which the air flows toward the exhaust
port 4. Each inlet-side guide 6 extends obliquely upward from
the bottom of the corresponding fan 5. SO does the
exhaust-side guide 7. That is, the inlet-side guides 6 are
each inclined toward the side opposite to the inlet port 3 at
a predetermined angle, and the exhaust-side guides 7 toward
the exhaust port 4 at a predetermined angle. The predetermined
angle must be appropriately selected considering the amount
of wind required for cooling the circult boards 2 and the
position of the exhaust port 4. In most cases, an angle of
30 to 45 degrees is preferable.

Inclining the inlet-side guides 6 toward the side
opposite to the inlet port 3 allows even the fan 5 near the
bottom of the cabinet 11 to catch the cool air taken i1in i1nto
the cabinet 11 through the inlet port 3 easily.

However, even 1in this configuration, the fan 5 nearest
to the inlet port 3 sometimes cannot catch the air sufficiently.

Next, a second embodiment of the present invention will
be described.

" As shown in Fig. 2, the second embodiment of the present
invention has the same configuration as that of the first
embodiment except that a length of the inlet-side guide 6A
nearest to the i1nlet port 3 1s about the half length of the
other i1nlet-side guides 6B - 6C. This configuration allows

the fan 5A nearest to the inlet port 3 to catch the wind more
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efficiently.

As in the first embodiment, the air taken in through the
inlet port 3 flows upward first, then obliquely downward along
the inlet-side guides 6A - 6C, and then,‘ blown by the fans 5A
- 5C, horizontally across the circuit boards 2. Forcing the
airflow to change in this way, the airing resistance of the
air paths of the fans 5A - 5C increases. That 1is, changing
the air paths to the fans 5A - 5C keeps the air amount well
balanced among the fans 5A - 5C arranged at different distances
from the inlet port 3. Therefore, as in this embodiment,
shortening the length of the inlet-side guide ©6A nearest to
the inlet port 3 in order to reduce the airing resistance of
the corresponding fan 5A, the fan 5A can catch the air more
easily. This short inlet-side guide 6A resolves the problem
of varying wind speeds among the fans 5A-5C caused by their
installation positions.

Another problem is that, when a plurality of circuit
boards are arranged in each fan row, the speed of the wind
blowing onto the circuit board at the center of the fan is lower
than the speed of the wind blowing onto the circuits boards
not at the center of the fan. This 1s because, when an axial
fan is used, a strong wind blows 1n the outer part where there
are wings of the fan, but not in the center where there is the
motor which turns the fans.

To solve this problem, a third embodiment of the present
invention shown in Fig. 3, a mesh member 9 has 1inserted between

the fans 5 and the circuit boards 2. The mesh member 9 1is

composed of a plurality of vertical and horizontal wires
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crossing with each other. Inserting the mesh member 9, as the
guldes are provided , the airing resistance increases. The mesh
member 9 makes the speed of the winds passing through the meshes
Oof the mesh member 9 equal. A mesh member, called a 24-mesh,
1s most advantageous. It 1s composed of wires arranged
crosswise 1n a grid of 24 wires to the inch, each 0.29 mm in
diameter.

Fig. 4 shows a fourth embodiment of the present invention.
In this embodiment, the fans 5 used in the third embodiment
are inserted between the plurality of circuit boards 2 and the
plurality of exhaust-side guides 7. At the same time, the mesh
member 9 used in the third embodiment 1s inserted between the
circult boards 2 and the fans 5. The exhaust-side guides 7
extend upward obliquely toward the exhaust port 4, so the
exhaust air of the fan 5 near the top from does not disturb
the exhaust air of the fan 5 arranged near the bottom.

Figs. 5 and 6 are a sectional view and a perspective view
of the embodiment used in a fifth embodiment of the present
invention.

In the embodiment shown in Fig. 5, in addition to the
third embodiment shown 1in Fig, a plurality of fans 10 are
inserted also between the circuit boards 2 and the exhaust-side
guides 7.

The present 1nvention i1ncreases the airing resistance
and therefore slightly 1ncreases the static pressure at the
fan working points. This requires somewhat powerful fans.
However, as compared with a conventional system in which

powerful fans are used to blow the wind onto all the circuit
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boards af a predetermined speed, less powerful fans would
satisfy the requirements 1n the embodiments because the wind
blows evenly onto the circuit boards regardless of where they
are arranged.

According to the present invention, the wind blows onto
the plurality of circuit boards evenly 1n an electronic device
in which a plurality of multistage circuit boards are arranged
vertically. This ensures a high cooling efficiency of the
circuit boards. In addition, the present invention increases
the minimum wind speed and therefore ensures a sufficient
cooling effect with smaller fans. This results in lower power
consumption and lower noises of the fans and smaller wind
amounts in the air conditioning system 1n the machine room.
Another advantage _is that the inlet port provided on the bottom
of the cabinet may be provided directly below the fans. This
allows the inlet port to be provided freely and the cabinet

to be designed and arranged freely.

10
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What is claimed 1s:

1. An electronic device cooling system comprising:

a cabilnet;

a plurality of circuit boards, installed in said cabinet,
5 having electronic parts thereon;

an inlet port through which air is taken in into said

cabinet; and

-~

a plurality of inlet-side guides, arranged in parallel
on an inlet port side of said plurality of circuit boards 1in
10 a direction of a flow of the air taken in from said inlet port,

guiding said air taken in from said inlet port.

2. The electronic device cooling system according to claim
1, wherein each said inlet-side guides inclined at a

15 predetermined angle toward a side opposite to said inlet port.

3. The electronic device cooling system according to claim
2, further comprising a plurality of fans blowing onto said

circuit boards the air guided by said plurality of inlet-side

20 guildes.

4. The electronic device cooling system according to claim
3, wherein said fans are arranged between said circuit boards
and said inlet-side guides.

25

5. The electronic device cooling system according to claim
4, further comprising a mesh member inserted between sald

plurality of inlet-side guides and said fans.

11
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6. The electronic device cooling system according to claim
2, wherein at least one of said plurality of inlet-side guildes

near said inlet port is shorter than the other inlet-side

5 guides.

7. The electronic device cooling system according to claim

2, wherein said predetermined angle ranges from 30 degrees to

45 degrees.
10
8. An electronic device cooling system comprising:
a cabinet;
a plurality of circuit boards, installed in said cabinet,
having electronic parts thereon;
15 an exhaust port through which air is exhausted from said

cabinet;

a plurality of exhaust-side guides, arranged in parallel

on an exhaust port side of said plurality of circuit boards

in a direction of a flow of the air exhausted from said exhaust

20 port and each inclined at a predetermined angle toward said

exhaust port, guiding the air warmed by said electronic parts

on said circuit boards; and

- a plurality of fans exhausting the air warmed by said

electronic parts on said circuit boards from said exhaust port

25 via said plurality of exhaust-side guides.

9. The electronic device cooling system according to clalm

8, further comprising:

12
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an inlet port through which the air 1s taken in into said
cabinet; and

a plurality of inlet-side guides, arranged in parallel
in a direction of a flow of the air taken in from said inlet
port and each inclined at a predetermined angle toward a side
opposite to said inlet port, guiding the air taken in from said

inlet port.

10. The electronic device cooling system according to claim
9, wherein said fans are arranged between said circuit boards

and said exhaust-side guides.

11. The electronic device cooling system according to claim
10, further comprising a mesh member inserted between said

plurality of exhaust-side guides and said fans.

12. The electronic device cooling system according to claim
9, wherein said predetermined angle ranges from 30 degrees to

45 degrees.

13. The electronic device cooling system according to claim
9, wherein at least one of said plurality of inlet-side guides
near said inlet port is shorter than the other inlet-side

gulides.

14. An electronic device cooling system comprising:
a cabinet;

a plurality of circuit boards, installed in said cabinet

13
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and having electronic parts thereon;

an inlet port through which air 1is taken in into said
cabinet;

a plurality of inlet-side guides, arranged in parallel
in a direction of a flow of the air taken in from said inlet
port and each inclined at a predetermined angle toward a side
opposite to said inlet port, guiding the air taken in from said
inlet port;

a plurality of first fans blowing onto said circuit
boards the air taken in through said inlet port and guided by
said plurality of inlet-side guides;

an exhaust port through which the air 1s exhausted from
said cabinet;

a plurality of exhaust-side guides, arranged in parallel
in a direction of a flow of the air exhausted from said exhaust
port and each inclined at a predetermined angle toward said
exhaust port, guiding the air warmed by said electronic parts;
and

a plurality of second fans exhausting the warmed air from

said exhaust port via said plurality of exhaust-side guides.

15. The electronic device cooling system according to claim
14, further comprising a mesh member inserted between said

plurality of inlet-side guides and salid fans.

16. The electronic device cooling system according to claim
14, further comprising a mesh member inserted between said

plurality of exhaust-side guides and said fans.

14
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17. The electronic device cooling system according to claim

14, wherein said predetermined angle ranges from 30 degrees

to 45 degrees.

5
18. The electronic device cooling system according to claim
14, wherein at least one of said plurality of inlet-side gu:ides
near said inlet port is shorter than the other inlet-side
guides.

10
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