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VENTILATION SYSTEMAND RACK 
APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is based upon and claims the ben 
efit of priority of the prior Japanese Patent Application No. 
2009-296.980, filed on Dec. 28, 2009, the entire contents of 
which are incorporated herein by reference. 

FIELD 

0002. The embodiments discussed herein are related to a 
fan-based a ventilation system and a rack apparatus which has 
the ventilation system for cooling equipment mounted 
thereon. 

BACKGROUND 

0003 Electronic equipment, such as a server device, often 
has a cooling fan inside to disperse heat generated during 
operation of the equipment. The fan takes ambient air into the 
equipment for a cooling purpose (for example, see Japanese 
Laid-open Utility Model Publication No. 6-87695, Japanese 
Laid-open Patent Publication No. 2007-218.150 and Japanese 
Laid-open Patent Publication No. 3-168399). 
0004 Most of the electronic equipment recently has 
achieved higher performance and, as a result, increased in the 
amount of heat generation during operation. Such electronic 
equipment has become more compact and thinner and it is 
difficult to let air flow therethrough. Thus, an amount of air 
may often be insufficient to the ever-increasing amount of 
heat generation. To address this problem, for example, the 
electronic equipment is often provided with a plurality of fans 
disposed side by side and a rotational speed of Vanes of each 
of the fans is set to be relatively high to provide a sufficient 
amount of air. In many cases, the electronic equipment. Such 
as a server device, is used in a state in which multiple pieces 
of them are mounted in an equipment mounting rack. 
0005 Such an equipment mounting rack is often annoy 
ingly noisy because each of the multiple pieces of electronic 
equipment mounted thereon produces noise during operation. 
In order to reduce the noise, recent equipment mounting racks 
includes walls of noise absorbing material disposed to Sur 
round an electronic equipment mounting space as a noise 
control measure. 
0006. In such equipment mounting racks with a noise con 

trol measure, however, the walls of noise absorbing material 
Surrounding the equipment mounting space increase resis 
tance against inflow air inapath of the inflow air to equipment 
mounting space. Thus, a Volume of intake air may often be 
insufficient for the purpose of cooling the electronic equip 
ment. To address this problem, such equipment mounting 
rack is often provided with a fan which takes ambient air into 
the electronic equipment mounting space. Further, Such 
equipment mounting racks are often provided with a plurality 
of fans disposed side by side and a rotational speed of Vanes 
of each of the fans is set to be relatively high to provide a 
Sufficient amount of air into the electronic equipment mount 
ing space. 
0007 Generally, when the rotational speed of vanes of a 
fan is increased, the noise produced by the fan during opera 
tion becomes significantly louder in proportion to the fifth or 
sixth power of an increase in the rotational speed. Thus, the 
recent electronic equipment often with a plurality of fans of 
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which rotational speed is set relatively high for the sufficient 
amount of air tends to produce increasingly loud noise from 
the fans. 
0008. When the electronic equipment is mounted in an 
equipment mounting rack with a noise control measure men 
tioned above, the noise produced by the fans of the electronic 
equipment themselves may be reduced. However, loud noise 
will be produced by the plurality of fans of which rotational 
speed is set relatively high to provide a Sufficient amount of 
air into the electronic equipment mounting space. In recent 
years. Such equipment mounting racks are often installed in 
offices where people often complain about the noise produced 
by the fans of the equipment mounting racks. 

SUMMARY 

0009. According to an aspect of the embodiment, a venti 
lation system includes a plurality of fan units. Each of the fan 
units includes a fan to generate an air stream, and a duct 
disposed on an upstream of the air stream with respect to the 
fan and defining a flow channel having a square-shaped sec 
tion to guide an air into the fan, the flow channel being coaxial 
with a rotating shaft of the fan. The fan units are arranged in 
a direction crossing the shaft so that the rotating shafts are 
disposed in parallel to each other. 
0010. The object and advantages of the invention will be 
realized and attained by means of the elements and combina 
tions particularly pointed out in the claims. 
0011. It is to be understood that both the foregoing general 
description and the following detailed description are exem 
plary and explanatory and are not restrictive of the invention, 
as claimed. 

BRIEF DESCRIPTION OF DRAWINGS 

0012 FIG. 1A to FIG. 1C illustrate an equipment mount 
ing rack according to a first embodiment. 
0013 FIG. 2 schematically illustrates an internal structure 
of a server device according to the first embodiment. 
0014 FIG. 3A to FIG. 3C illustrate an equipment mount 
ing rack according to a comparative example. 
0015 FIG. 4 is a perspective view of a ventilation system 
according to the first embodiment. 
0016 FIG. 5A to FIG.5C illustrate details of a set of a fan 
and a duct in a ventilation system according to the first 
embodiment. 
0017 FIG. 6 illustrates loss of rotational balance of vanes 
when a duct constituted by a plurality of walls which are not 
equally distant from a shaft is attached to a fan. 
0018 FIG. 7 illustrates noise reduction in a ventilation 
system by a structure in which each of the fans is provided 
with a duct according to the first embodiment. 
0019 FIG. 8 illustrates loss of rotational balance of vanes 
of each fan when a plurality of fans share a single duct. 
0020 FIG. 9 illustrates a state in which a round-section 
duct is attached to a fan. 
0021 FIG. 10 is a graph representing a P-Q characteristic, 
an impedance characteristic and a noise characteristic, in 
which the P-Q characteristic is a change in static pressure (P) 
with respect to an amount of air (Q) in a square-section duct 
fan, the impedance characteristic is a change in Ventilation 
resistance with respect to the amount of air, and the noise 
characteristic is a change in a noise level with respect to the 
amount of air. 
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0022 FIG. 11 is a graph representing the P-Q character 
istic, the impedance characteristic and the noise characteristic 
when a necessary amount of air illustrated in FIG. 10 is 
Supplied by a round-section duct fan. 
0023 FIG. 12 is a graph representing relationships 
between noises produced by a square-section duct fan or a 
round-section duct fan and a rotational frequency of Vanes of 
the fans. 
0024 FIG.13 is a table of calculation results of an increase 
in noise when a round-section duct is attached as compared 
with a case when a square-section duct is attached. 
0.025 FIG.14 is a table of calculation results of an increase 
in noise when a round-section duct is attached as compared 
with a case when a square-section duct is attached. 
0026 FIG. 15 is a table of an amount of noise attenuation 
depending on a duct length. 
0027 FIG. 16 is a table of an amount of noise attenuation 
available in a duct of a length in a preferred range. 
0028 FIG. 17 is a sectional view illustrating a structure in 
which a duct is attached to each fan according to a second 
embodiment. 

DESCRIPTION OF EMBODIMENTS 

0029. Hereinafter, embodiments of a ventilation system 
and an equipment mounting rack will be described with ref 
erence to the drawings. 
0030 FIG. 1A to FIG. 1C illustrate an equipment mount 
ing rack according to a first embodiment. 
0031 FIG. 1A illustrates a side surface of an equipment 
mounting rack 100. FIG. 1B is a sectional view taken along 
line IB-IB in FIG. 1A. FIG.1C is a sectional view taken along 
line IC-IC in FIG. 1A. 
0032. The equipment mounting rack 100 illustrated in 
FIG. 1A to FIG. 1C is provided with a rack housing 110. The 
rack housing 110 includes an equipment mounting space 
110a, a first air guide duct 110b and a second air guide duct 
110C which will be described below. 
0033 Six server devices 200 are mounted in the equip 
ment mounting space 110a in a stacked manner. The first air 
guide duct 110b is a passage through which ambient air is 
taken into the equipment mounting space 110a for the pur 
pose of cooling the server devices 200. The second air guide 
duct 110C is a passage through which air is guided to be 
exhausted out of the equipment mounting rack 100 from the 
equipment mounting space 110a after cooling the server 
devices 200. 
0034. Each of the server devices 200 mounted in the 
equipment mounting space 110a has a function to cool elec 
tronic components or other devices inside by taking ambient 
a1. 

0035 FIG. 2 schematically illustrates an internal structure 
of a server device according to the first embodiment. 
0036. As illustrated in FIG. 2, each of the server devices 
200 has a plurality of electronic components 220 inside. The 
electronic components 220 operate with electric power Sup 
plied from a power Supply unit 210 and generate heat during 
operation. Each of the server devices 200 is provided with 
fans 230 for taking ambient air for the purpose of cooling the 
electronic components 220. 
0037. In the first embodiment, since the server devices 200 
are thin, it is difficult to let the cooling air flow through the 
server devices 200. If an amount of intake ambient air is 
small, the amount of air inside the server devices 200 may be 
insufficient. In order to avoid such insufficiency of air, each of 

Jun. 30, 2011 

the server devices 200 has a plurality of device fans 230 
disposed side by side to take in as much air as possible. A 
rotational speed of vanes of each of the device fans 230 is set 
to be relatively high to increase the amount of intake ambient 
a1. 

0038 Generally, when the rotational speed of vanes of a 
fan is increased, the noise produced by the fan during opera 
tion becomes significantly louder in proportion to the fifth or 
sixth power of an increase in the rotational speed. Thus, in the 
server devices 200 of the first embodiment, the device fans 
230 with vanes of which rotational speed is set relatively high 
produce loud noise. Since each of the server devices 200 of 
the present embodiment are provided with a plurality of 
device fans 230, the entire equipment produces even louder 
noise. 
0039. As described above, in the first embodiment, it is 
considered to be more important to take as much air as pos 
sible into the server devices 200 than to reduce noise. 
0040. In order to reduce noise, in the equipment mounting 
rack 100 illustrated in FIG. 1A to FIG.1C, the following noise 
control measure is taken to prevent a leakage of noise pro 
duced by the server devices 200 mounted on the rack 100. 
0041. In the first embodiment, as illustrated in FIG.1B, the 
equipment mounting space 110a in which the server devices 
200 are mounted is disposed between the first guide duct 
110b, in an upstream of the airflow and the second air guide 
duct 110c, in a downstream of the airflow along a direction of 
arrow C in FIG. 1B. As illustrated in FIG. 1A or FIG. 1B, an 
air inlet 100a for taking ambient air into the equipment 
mounting rack 100 for the purpose of cooling the server 
devices 200 is provided on a side wall of the equipment 
mounting rack 100, which side wall constitutes the first air 
guide duct 110b. An air outlet 100b through which air is 
exhausted after cooling is provided on a side wall which 
constitutes the secondair guide duct110c. With this structure, 
the equipment mounting space 110a is separated from the 
outside of the equipment mounting rack 100 and therefore a 
leakage of noise produced by the server devices 200 is 
reduced. 
0042. The equipment mounting space 110a, the first air 
guide duct 110b and the second air guide duct 110c each have 
a plate-shaped noise-absorbing member 120 on their inner 
wall surfaces. The noise-absorbing member 120 is formed of 
noise-absorbing rubber or other material having noise 
absorbability greater than that of walls of the rack housing 
110. In this manner, the equipment mounting space 110a of 
the first embodiment is surrounded by the noise-absorbing 
members 120. Noise produced by the server devices 200 is 
absorbed by the noise-absorbing members 120. 
0043. In the first embodiment, the noise-absorbing mem 
bers 120 attached to the first and second air guide ducts 110b 
and 110C also function to absorb noise produced by later 
described a plurality of fans provided in the equipment 
mounting rack 100. 
0044. In the equipment mounting rack 100, the air taken 
into the equipment mounting rack 100 through the air inlet 
100a for the cooling purpose flows toward the equipment 
mounting space 110a via the first air guide duct 110b. Thus, 
the air taken into the equipment mounting space 110a tends to 
flow less Smoothly as compared with a case in which, for 
example, the air inlet is provided directly in a wall that sur 
rounds the equipment mounting space 110a. To avoid this 
problem, the equipment mounting rack 100 is provided with 
a ventilation system 300. The ventilation system 300 is dis 
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posed in the middle of the first air guide duct 110b to actively 
supply air flowing in the first air guide duct 110b into the 
equipment mounting space 110a. 
0045. The ventilation system 300 includes five fans 310 
arranged in a direction perpendicular to the flow of air, and 
five ducts 320 each of which is connected to an air inlet of 
each of the fans 310. The ventilation system 300 has five fans 
310 to promote the flow of air which tends to be less smooth 
as described above and to provide a sufficient amount of air 
flowing into the equipment mounting space 110a. A rota 
tional speed of vanes of each of the fans 310 is set to be 
relatively high to increase ventilation capacity. 
0046. The equipment mounting rack 100 also has five fans 
400 at an outlet of the equipment mounting space 110a. The 
fans 400 guide air exhausted out of the server devices 200 
after cooling toward the second air guide duct 110c from the 
equipment mounting space 110a. It is not necessary that the 
fans 400 at the second air guide duct 110c side have ventila 
tion capacity as high as that of the fans 310 at the first air guide 
duct 110b side. It suffices that the fans 400 can sendair toward 
the second air guide duct 110c. For this reason, noise reduc 
tion is considered more important than ventilation capacity 
for the fans 400 at the second air guide duct 110c side and thus 
the rotational speed of vanes of the fans 400 is set to be 
relatively low. 
0047. Hereinafter, an equipment mounting rack according 
to a comparative example will be described in comparison 
with the equipment mounting rack 100 of the first embodi 
ment. 

0048 FIG.3A to FIG.3C illustrate the equipment mount 
ing rack according to the comparative example. 
0049 FIG. 3A illustrates a side surface of the equipment 
mounting rack 500 according to the comparative example. 
FIG. 3B is a sectional view taken along line IIIB-IIIB in FIG. 
3A. FIG. 3C is a sectional view taken along line IIIC-IIIC in 
FIG 3A 
0050. In FIG. 3A to FIG. 3C, components equivalent to 
those of the equipment mounting rack 100 of the first embodi 
ment illustrated in FIG. 1A to FIG. 1C are denoted by the 
same reference numerals as FIG. 1A to FIG. 1C and descrip 
tion thereof will be omitted. 
0051. In the equipment mounting rack 500 according to 
the comparative example illustrated in FIG. 3A to FIG. 3C, 
five fans 510 for supplying sufficient air into an equipment 
mounting space 110a are provided at an inlet of the equip 
ment mounting space 110a. 
0052 Similar to the five fans 310 of the ventilation system 
300 of the first embodiment described above, vanes of the five 
fans 510 have relatively high rotational speed for increased 
ventilation capacity. Generally, when the rotational speed of 
Vanes of a fan is increased, the noise produced by the fan 
during operation becomes significantly louder in proportion 
to the fifth or sixth power of an increase in the rotational 
speed. For this reason, the fans with vanes of which rotational 
speed is set relatively high as described above produce loud 
O1SC. 

0053. In the equipment mounting rack 500 according to 
the comparative example, the total amount of noise produced 
by the five fans 510 is controlled only by walls of a first air 
guide duct 110b and a noise-absorbing member 120. How 
ever, noise produced by the fans 510 as described above is 
often too loud to be controlled only by the walls of the first air 
guide duct 110b and the noise-absorbing member 120. In 
recent years. Such equipment mounting racks are often 
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installed in offices. If, for example, the comparative equip 
ment mounting rack 500 illustrated in FIG. 3A to FIG. 3C is 
installed in an office, people may often complain about the 
loud noise produced by the comparative equipment mounting 
rack 500. 
0054 As compared with the equipment mounting rack 
500 according to the comparative example described above, 
noise produced by the fans 310 of the ventilation system 300 
with vanes of which rotational speed is set to be relatively 
high is controlled by the ducts 320 connected to the fans 310 
in the equipment mounting rack 100 of the first embodiment 
illustrated in FIG. 1A to FIG. 1C. 
0055. Hereinafter, details of the ventilation system 300 
will be described focusing on a mechanism of the ventilation 
system 300 that reduces noise produced by the fans 310. 
0056 FIG. 4 is a perspective view of the ventilation sys 
tem 300. 

0057. As illustrated in FIG. 4, the ventilation system 300 
has five fans 310 arranged in a direction perpendicular to the 
flow of air W. Each of the ducts 320 connected to the air inlet 
each of the fans 310 has a square section. 
0058 FIG. 5A to FIG.5C illustrate details of a set of a fan 
and a duct of the ventilation system. 
0059 FIG.5A is a plan view of a set of a fan 310 and a duct 
320 seen from a side in which air is flown in. FIG. 5B is a 
sectional view of the set of the fan 310 and the duct320 taken 
along line VB-VB in FIG. 5A. FIG.5C is a sectional view of 
the set of the fan 310 and the duct320 taken along line VC-VC 
in FIG. 5A. 
0060. The fan 310 includes a shaft 311, vanes 312 and a 
cylindrical-shaped housing 313. The vanes 312 are attached 
to the shaft 311. The housing 313 extends along the shaft 311. 
As illustrated in FIG.5A, in the first embodiment, the housing 
313 of the fan 310 is formed as a square seen from a side in 
which air is flown in. An internal cylinder of the fan 310 is a 
cylindrical-shaped pipe Surrounding the Vanes 312. 
0061. As the shaft 311 of the fan 310 is rotated, the vanes 
312 generate a flow of air from an air inflow end 313a toward 
an air outflow end 313b. As illustrated in FIG. 4, in the 
ventilation system 300 of the first embodiment, five fans 310 
are arranged in a direction perpendicular to the flow of air. 
0062. The duct 320 is a square-section duct which is larger 
than the air inflow end 313a in cross section. The duct 320 is 
connected to the air inflow end 313a and guides air flowing 
into the fan 310 toward the air inflow end 313a. An extension 
line H of a central axis of the square-section duct 320 is 
coincident with the shaft 311. An outside dimension of the 
duct 320 is coincident with an outside dimension of the 
square-shaped housing 313 of the fan 310. 
0063 Those fans which generate a flow of air with vanes 
as a shaft is rotated, such as the fan 310 of the first embodi 
ment, the generated inflow of air hits the rotating vanes. When 
the air non-uniformly hits the vanes, force is exerted unevenly 
on the Vanes. Thus, a rotational balance of the Vanes is lost 
and, as a result, noise is produced. 
0064. In the first embodiment, the duct 320 which guides 
the air to the air inflow end 313a of the fan 310 has a square 
section and the extension line H of the central axis of the 
square-section duct 320 is coincident with the shaft 311. In 
this structure, four walls which constitute the duct 320 are 
substantially equally distanced from the shaft 311. Thus, as 
illustrated in the sectional view of FIG. 5B taken along line 
VB-VB which is parallel to walls of the duct 320, air is guided 
to the fan 310 so as to hit each of the vanes 312 uniformly in 
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the section parallel to the walls. In this structure, four corners 
of the duct 320 are also substantially equally distanced from 
the shaft 311. Thus, as illustrated in the sectional view of FIG. 
5C taken along line VC-VC which is a diagonal line of the 
square section of the duct 320, air is guided to the fan 310 so 
as to hit each of the vanes 312 uniformly also in the section 
along the diagonal line of the square. 
0065. In the first embodiment, since the duct 320 has a 
square section, air is guided to the fan 310 so as to hit the 
vanes 312 uniformly in every section that includes the central 
axis H of the duct 320. Thus, the rotational balance of the 
vanes 312 is kept during operation of the fan 310. 
0066. In a structure in which a duct constituted by a plu 

rality of walls which are not equally distant from a shaft is 
attached to a fan, as compared with the structure of the first 
embodiment, the rotational balance of the vanes is lost. The 
loss of balance will be described below. 
0067 FIG. 6 illustrates loss of rotational balance of vanes 
when a duct constituted by a plurality of walls which are not 
equally distant from a shaft is attached to a fan. 
0068 FIG. 6 illustrates a sectional view of a state in which, 
unlike the first embodiment, a duct 320a constituted by a 
plurality of walls which are not equally distant from a shaft 
3.11a is attached to a fan 310a at an inflow side of air. The fan 
310a is equivalent to the fan 310 of the present embodiment. 
As illustrated in FIG. 6, an upper wall of the duct 320a in the 
drawing is more distant from the shaft3.11a than a lower wall. 
With this structure, a vane 3.12a near the upper wall in the 
drawing receives a larger amount of air passing through the 
duct320a thanavane 312b near the lower wall in the drawing. 
Since greater force is exerted on the vane 3.12a than on the 
vane 312b, the rotational balance of Vanes is lost. 
0069. In the first embodiment, since air is guided to the fan 
310 by the square-section duct 320 so as to hit the vanes 312 
uniformly, the rotational balance of the vanes 312 is kept 
during operation of the fan 310. In this manner, noise pro 
duced by the fan 310 is reduced. 
0070. In the ventilation system 300 of the first embodi 
ment, the five fans 310 are arranged in the direction perpen 
dicular to the flow of air as described above. As illustrated in 
FIG.4, a duct 320 is attached to each of the five fans 310. As 
described above, noise can be reduced in the ventilation sys 
tem 300 of the first embodiment also by a structure in which 
each of the fans 310 is provided with a duct 320. 
0071 FIG. 7 illustrates noise reduction in a ventilation 
system by a structure in which each of the fans is provided 
with a duct. 
0072 FIG. 7 is a longitudinal sectional view of the ducts 
320 in the ventilation system 300 in which the fans 310 and 
the ducts 320 are arranged in a manner as illustrated in FIG. 4. 
0073. As illustrated in FIG. 7, in the first embodiment, 
each of the fans 310 is provided with a square-section duct 
320. The square-section duct 320 makes the air uniformly hit 
the vanes 312 of each of the fans 310. Thus, the rotational 
balance of the vanes 312 of each of the fans 310 is kept as 
described above. 
0074. In a structure, for example, in which a plurality of 
fans share a single duct, as compared with the structure of the 
first embodiment, the rotational balance of vanes is lost. The 
loss of balance will be described below. 
0075 FIG. 8 illustrates loss of rotational balance of vanes 
of each fan when a plurality of fans share a single duct. 
0.076 FIG. 8 is a sectional view of a structure in which a 
single elongated rectangular-section duct 320b is attached to 
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three fans 310b which are equivalent to the fans 310 of the first 
embodiment. In this structure, flows of air supplied to each of 
the fans 310b cross each other between adjacent fans 310b 
and thereby are disturbed. As a result, the force is non-uni 
formly exerted on the vanes 312c of each of the fans 310b and 
the rotational balance of the vanes 312c of each of the fans 
310b is lost. 
0077. In the first embodiment, however, the duct 320 
attached to each of the fans 310 guides air separately to each 
of the fans 310 so that air hits the vanes 312 uniformly. Thus, 
a disturbance of the flow of air as described above can be 
avoided. In this manner, the rotational balance of the operat 
ing vanes 312 is kept for all the fans 310. As a result, noise 
produced by the entire ventilation system 300 is reduced. 
0078. In the first embodiment, as described above, noise 
produced by the fans 310 is reduced by a structure in which 
the square-section duct 320 attached to each of the fans 310 
guides the air to the corresponding fan 310 so that the air 
uniformly hits the vanes 312. 
0079. It may be considered that a round-section duct is 
more preferable than the square-section duct 320 of the 
present invention for the purpose of guiding air to the fan 310. 
However, the square-section duct 320 is adopted in the 
present embodiment by the following reason. 
0080 FIG. 9 illustrates a state in which a round-section 
duct is attached to a fan. 
I0081 FIG. 9 is a perspective view of a state in which a 
round-section duct 320C is attached to a fan 310c at an inflow 
side of air unlike the first embodiment. The fan 310C is 
equivalent to the fan 310 of the first embodiment. An exten 
sion line I of a central axis of the round-section duct 320C is 
coincident with a shaft of the fan 310c. With this structure, 
inner wall surfaces of the duct 320c are equally distant from 
the shaft 311 as compared with those of the square-section 
duct 320 of the first embodiment in a strict sense. Thus, in the 
structure illustrated in FIG.9, air is guided to hit the vanes of 
the fan 310c in a more uniform manner. 
0082. However, around cross section of the round-section 
duct 320c perpendicular to the flow of air along the longitu 
dinal direction is Smaller than a square cross section of the 
square-section duct 320 of the first embodiment perpendicu 
lar to the flow of air along the longitudinal direction. Thus, 
ventilation resistance of the flow of air in the round-section 
duct 320c is larger than that in the square-section duct320. As 
the ventilation resistance becomes high, the amount of air will 
be reduced. Accordingly, in order to compensate for the 
decrease in the amount of air and to provide an amount of air 
equivalent to that of the first embodiment with the structure 
illustrated in FIG. 9, it is necessary to increase the rotational 
speed of the Vanes and increase ventilation capacity of the fan 
310c. However, as the rotational speed increases, the fan may 
produce louder noise. 
I0083. Hereinafter, the production of louder noise caused 
when an amount of air equivalent to that obtained with a 
square-section duct fan is provided with a round-section duct 
fan will be described. 
I0084 FIG. 10 is a graph representing a P-Q characteristic, 
an impedance characteristic and a noise characteristic, in 
which the P-Q characteristic is a change in static pressure (P) 
with respect to an amount of air (Q) in a square-section duct 
fan, the impedance characteristic is a change in Ventilation 
resistance with respect to the amount of air, and the noise 
characteristic is a change in a noise level with respect to the 
amount of air. 
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I0085. In the graph G1 of FIG. 10, the amount of air is 
plotted in the horizontal axis while the static pressure, the 
ventilation resistance and the noise level are plotted in the 
Vertical axis. 
I0086. The graph G1 illustrates a first P-Q characteristic 
curve L1 representing the P-Q characteristic in the square 
section duct fan, a first impedance characteristic curve L2 
representing the impedance characteristic, and the first noise 
characteristic curve L3 representing the noise characteristic. 
0087 Here, an amount of air at the level illustrated by a 
dashed dotted line in the graph G1 of FIG. 10 is considered to 
be an amount of air P1 necessary for the cooling purpose. 
Now, a change in the P-Q characteristic, the impedance char 
acteristic and the noise characteristic when the necessary 
amount of air P1 is supplied by a round-section duct fan will 
be discussed. 
0088 FIG. 11 is a graph representing the P-Q character 

istic, the impedance characteristic and the noise characteristic 
when a necessary amount of air illustrated in FIG. 10 is 
Supplied by a round-section duct fan. 
I0089. In the graph G2 of FIG. 11, the amount of air is 
plotted in the horizontal axis while the static pressure, the 
ventilation resistance and the noise level are plotted in the 
vertical axis. In the graph G2, the first P-Q characteristic 
curve L1, the first impedance characteristic curve L2 and the 
first noise characteristic curve L3 on the graph G1 of FIG. 10 
are represented by dotted lines. 
0090 Since the round cross section of the round-section 
duct fan is Smaller than the square cross section of the square 
section duct as described above, ventilation resistance of the 
round-section duct fan is larger than that of the square-section 
duct fan when an arbitrary amount of air is ventilated. Thus, 
the impedance characteristic of the round-section duct fan is 
larger than that of the square-section duct fan. In the graph G2 
of FIG. 11, a second impedance characteristic curve L2 rep 
resenting the impedance characteristic of the round-section 
duct fan is illustrated. 
0091. Here, it is assumed that ventilation capacity of a 
round-section duct fan is equivalent to that of a square-section 
duct fan, i.e., the P-Q characteristic of a round-section duct 
fan is equivalent to that represented by the first P-Q charac 
teristic curve L1 above. 
0092. Then, an amount of air which can be supplied by the 
round-section duct fan is an amount of air P2 that corresponds 
to an intersection of the second impedance characteristic 
curve L2", which represents a high impedance characteristic 
as described above, and the first P-Q characteristic curve L1. 
As FIG. 11 illustrates, the amount of air P2 is smaller than the 
necessary amount of air P1. 
0093. In order to compensate for the insufficiency with 
respect to the necessary amount of air P1 and to provide the 
necessary amount of air P1 by the round-section duct fan, it is 
necessary to increase the P-Q characteristic represented by 
the first P-Q characteristic curve L1 to a P-Q characteristic 
described below. That is, in order to provide the necessary 
amount of air P1, it is necessary to increase the P-Q charac 
teristic to a P-Q characteristic represented by the second P-Q 
characteristic curve L1' on the graph G2 which crosses a point 
which corresponds to the necessary amount of air P1 on the 
second impedance characteristic curve L2". 
0094. Such an increase in the P-Q characteristic is 
achieved by increasing the rotational speed of the round 
section duct fan. Here, it is assumed that an increase of the 
P-Q characteristic to that represented by the second P-Q 

Jun. 30, 2011 

characteristic curve L1' requires an increase in the rotational 
speed by n times of the rotational speed corresponding to the 
P-Q characteristic represented by the first P-Q characteristic 
curve L1. 

0.095 As mentioned above, when the rotational speed of a 
fan is increased, the noise produced by the fan becomes 
louder in proportion to the fifth or sixth power of an increase 
in the rotational speed. That is, the noise characteristic of the 
fan is increased in proportion to the fifth or sixth power of an 
increase in the rotational speed. In addition, as the rotational 
speed of the fan changes, a shape of the curve representing the 
noise characteristic of the fan also changes. 
(0096. The graph G2 of FIG. 11 illustrates the noise char 
acteristic increased in proportion to the fifth or sixth power of 
the n times increase in the rotational speed of the round 
section duct fan, as well as a second noise characteristic curve 
L3' of which shape is changed depending on the change in the 
rotational speed. 
(0097. When the necessary amount of air P1 is provided by 
the round-section duct fan, noise is increased by an amount 
corresponding to a difference between the first noise charac 
teristic curve L3 and the second noise characteristic curve L3' 
on the graph G2 as the rotational speed of the fan increases. 
0098 FIG. 13 and FIG. 14 illustrate calculation results of 
an increase in noise when a round-section duct is attached to 
a fan as compared with a case when a square-section duct is 
attached to a fan. 
0099. A table of FIG. 13 illustrates calculation results 
When a square-section duct and a round-section duct as 
described below are attached respectively to a fan which has 
a housing formed as a 40-mm square seen from a side in 
which air is flown in which is illustrated in FIG. 5A. The 
square-section duct is 40 mm in each side and the form 
thereof is coincident with that of the housing of the fan. The 
round-section duct is 40 mm in diameter. 
0100. A table of FIG. 14 illustrates calculation results 
when a square-section duct and a round-section duct as 
described below are attached respectively to a fan which has 
a housing formed as a 140-mm Square seen from a side in 
which air is flown in. The square-section duct is 140 mm in 
each side. The round-section duct is 140 mm in diameter. 

0101. The calculation results in the tables in FIGS. 13 and 
14 demonstrate that the noise level increased by 5.77 dB(A) in 
the round-section duct fan as compared with the square 
section duct fan. The increase in the noise level is due to an 
increased rotational speed by 1.27 times in order to increase 
the amount of air which decreases by 0.79 times with a 
round-section duct fan as compared with a square-section 
duct fan. 
0102 FIG. 12 is a graph representing relationships 
between noises produced by a square-section duct fan or a 
round-section duct fan and a rotational frequency of Vanes of 
the fans. 
0103) A graph G3 of FIG. 12 illustrates a relationship 
between noise and a rotational frequency of a fan with a 40 
mm-square housing. In the graph G3 of FIG. 12, a rotational 
frequency of vanes of the fan is plotted in the horizontal axis 
while a noise level (sound pressure level) is plotted in the 
vertical axis. The graph G3 includes a first curve L4 which 
represents, by a solid line, a relationship between the noise 
and the rotational frequency when a square-section duct is 
attached to the fan. The graph G3 also includes a second curve 
L5 which represents, by a dashed dotted line, a relationship 
between the noise and the rotational frequency when a round 
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section duct is attached to the fan without changing the ven 
tilation capacity of the fan. The graph G3 also includes a third 
curve L6 which represents, by a dotted line, a relationship 
between the noise and the rotational frequency when a round 
section duct is attached to the fan with the ventilation capacity 
of the fan increased until a necessary amount of air is 
obtained. 
0104. The graph G3 of FIG. 12 indicates that the noise 
produced by the fan with the round-section duct is smaller 
than that produced by the fan with the square-section duct at 
the rotational frequency of about 5 kHz when both the fans 
have the same ventilation capacity. This is because, as 
described above, the round-section duct has an advantage 
over the square-section duct in the uniformly of air hitting the 
Vanes. However, when the round-section duct is attached to 
the fan without changing the ventilation capacity of the fanas 
described above, ventilation resistance is increased and thus 
the amount of air which can be supplied is reduced below the 
necessary amount of air. When the ventilation capacity of the 
fan is increased until the necessary amount of air is obtained, 
as indicated by the third curve L6 on the graph G3, the noise 
level is increased significantly over a wide frequency range. 
0105. As described above with reference to FIG.9 to FIG. 
14, the round-section duct has an advantage over the square 
section duct in the uniformly of air hitting the vanes but, at the 
same time, has a defect of higher noise level due to increased 
ventilation resistance. Therefore, the square-section duct320 
is adopted in the ventilation system 300 of the first embodi 
ment described with reference to FIG. 4 to FIG. 7. Noise 
produced by the fans 310 is reduced by the square-section 
duct 320 which guides air so that the air uniformly hits the 
Vanes 312. 
0106. In the ventilation system 300, the duct320 attached 
to the air inflow end 313a of the housing 313 of the fan 310 
functions also as a finger guard during, for example, mainte 
nance of the equipment mounting rack 100 of FIG. 1. 
0107 Here, a duct length of the square-section duct 320 is 
preferably about 1.5 to 4 times the length of each side of a 
square cross section which corresponds to the dimension of 
the housing 313 of the fan 310. The duct length will be 
described below. 
0108. The lower limit of the preferred range of the duct 
length is equivalent to a length with which an amount of noise 
attenuation by 0.5 dB(A) is obtained. The amount of noise 
attenuation of 0.5 dB(A) is the minimum amount that can be 
measured without being considered as a measurementerrorin 
an ordinary noise measurement. The upper limit of the pre 
ferred range of the duct length is equivalent to a length with 
which an amount of noise attenuation of 2.0 dB(A) is 
obtained. The amount of noise attenuation of 2.0 dB(A) is the 
maximum amount that a human being can perceive noise 
attenuation. 

0109 The duct length within these limits can be obtained 
by calculating the amount of noise attenuation while varying 
the duct length. The calculation results are illustrated in tables 
of FIG. 15 and FIG. 16. 

0110. The table of FIG. 15 illustrates the amounts of noise 
attenuation with various duct length for each of the fan having 
a 40 mm-square housing and the fan having 140 mm-square 
housing. 
0111. The calculation result of the table in FIG. 15 dem 
onstrates that the length with which the amount of noise 
attenuation of 0.5 dB(A) is obtained is about 1.5 times the 
length of each side of the square cross section which corre 

Jun. 30, 2011 

sponds to the dimension of the housing of the fan. The cal 
culation result of the table in FIG. 15 also demonstrates that 
the length with which the amount of noise attenuation of 2.0 
dB(A) is obtained is about 4 times the length of each side of 
the square cross section. 
0.112. The table of FIG.16 illustrates the amounts of noise 
attenuation obtained by the ducts having the length within the 
above-described preferred range for each of the 40 
mm-square duct and the 140 mm-square duct. The table of 
FIG.16 indicates that an amount of attenuation of 0.50 dB(A) 
is obtained with a duct which is 40 mm in each side and 60 
mm in length. The table of FIG. 16 indicates that an amount 
of attenuation of 1.50 dB(A) is obtained with a duct which is 
140 mm in each side and 350 mm in length. 
0113. The length within the preferred range described 
above is adopted as the length of the square-section duct 320 
in the ventilation system 300 of the first embodiment 
described with reference to FIG. 4 to FIG. 7. 
0114. Note that the housing 313 surrounding the vanes 
312 slightly vibrate during the rotation of the vanes 312 of 
each of the fans 310 although the vibration is suppressed by 
the duct 320 making the air uniformly hit the vanes 312. The 
vibration is transmitted to the duct320 attached to the housing 
313. As illustrated in FIG. 4 or FIG.7, since the adjacent ducts 
320 are in contact with one another, the vibration transmitted 
from the fans 310 to the ducts 320 affect one another. 
0.115. In the first embodiment, the five ducts 320 each have 
different characteristic frequencies. Thus, a production of 
loud noise due to resonance between the ducts 320 can be 
avoided. 
0116 Note that the different characteristic frequencies 
may be imparted to the ducts 320 by, for example, constitut 
ing the ducts 320 by different materials or varying the wall 
thickness of the ducts 320. However, the method is not par 
ticularly limited herein. 
0117. In the first embodiment, the five fans 310 have mutu 
ally different rotational speed. Thus, the frequencies of vibra 
tion produced in the fans 310 are different from each other 
among the fans 310. Thus, the vibration of the ducts 320 
produced by and transmitted from each of the fans 310 as 
described above is also different from each other among the 
ducts 320. In the first embodiment, also with this configura 
tion, a production of loud noise due to resonance between the 
ducts 320 can be avoided. 
0118. The five fans 310 of the present embodiment are an 
example of the plurality of fans in this application. 
0119. In a second embodiment, the duct 320 is attached to 
each of the fans 310 with a following structure. 
I0120 FIG. 17 is a sectional view illustrating a structure in 
which a duct is attached to each fan according to the second 
embodiment. 
0121. As illustrated in FIG. 17, the duct 320 includes a 
joint section 321 and an extended portion 322. The joint 
section 321 is connected to the air inflow end 313a of the 
housing 313 of the fan 310. The extended portion 322 is 
connected to and extends from the joint section 321. In the 
second embodiment, since the joint section 321 is formed of 
rubber and the extended portion 322 is formed as a metal wall, 
vibration transmissibility in the joint section 321 is lower than 
that in the extended portion 322. Thus, transmission of vibra 
tion produced in each of the fans 310 to the duct 320 as 
described above is prevented. 
0.122 Although the joint section 321 formed of rubber and 
the extended portion 322 formed of metal are illustrated in the 
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second embodiment, the joint section and the extended por 
tion in this application are not limited to these. The joint 
section and the extended portion in this application may be 
formed using materials other than those described above as 
long as the conditions regarding the vibration transmissibility 
are satisfied. 
0123. In the second embodiment, as illustrated in FIG. 17, 
the above-described extended portion 322 of the duct 320 is 
formed as a structure in which a noise-absorbing member 
322a formed of rubber is attached to an inner surface of a 
metal wall. The noise-absorbing member 322a has noise 
absorbability greater than that of the housing 313 of the fan 
310. In the second embodiment, slight noise remaining after 
being reduced as described above with the thus-structured 
duct 320 is absorbed by the duct 320. 
0.124. In the description above, the number of fans and 
ducts is five as the embodiments of the ventilation system. 
However, the ventilation system is not limited to the same: 
any plural number, other than five, of the fans and ducts may 
be employed. 
0.125. In the description above, the server devices are 
mounted in equipment mounting rack. However, the equip 
ment mounting rack is not limited to the same: any rack in 
which electronic equipment other than the server devices 
which requires to be cooled may be employed. The numbers 
of pieces of the mounted electronic equipment is not limited 
to six as in the embodiment described above. 
0126. In the description above, the ventilation system 
mentioned above is not limited to the same: the ventilation 
system may be mounted on electronic equipment, Such as a 
server device for the purpose of cooling inside thereof. 
0127. All examples and conditional language recited 
herein are intended for pedagogical purposes to aid the reader 
in understanding the principles of the invention and the con 
cepts contributed by the inventor to furthering the art, and are 
to be construed as being without limitation to Such specifi 
cally recited examples and conditions, nor does the organiza 
tion of Such examples in the specification relate to a showing 
of the superiority and inferiority of the invention. Although 
the embodiments of the present inventions have been 
described in detail, it should be understood that the various 
changes, Substitutions, and alterations could be made hereto 
without departing from the spirit and scope of the invention. 
What is claimed is: 
1. A ventilation system comprising: 
a plurality of fan units, each of the fan units including: 
a fan to generate an air stream, and 
a duct disposed on an upstream of the air stream with 

respect to the fan and defining a flow channel having a 
square-shaped section to guide an air into the fan, the 
flow channel being coaxial with a rotating shaft of the 
fan, 
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wherein the fan units are arranged in a direction crossing 
the shaft so that the rotating shafts are disposed in par 
allel to each other. 

2. The ventilation system according to claim 1, wherein a 
length of the flow channel along the shaft is 1.5 to 4 times as 
long as a length of each side of the square-shaped section of 
the flow channel. 

3. The ventilation system according to claim 1, wherein the 
duct has a characteristic frequency different from a charac 
teristic frequency of an adjacent duct. 

4. The ventilation system according to claim 1, wherein the 
duct includes: 

a first portion jointed to the fan, and 
a second portion extending from the first portion to a side 

opposite to the fan, 
wherein the first portion has a vibration transmissibility 

smaller than a vibration transmissibility of the second 
portion. 

5. The ventilation system according to claim 1, wherein the 
fan has a rotational speed different from a rotational speed of 
an adjacent fan. 

6. The ventilation system according to claim 1, wherein the 
duct has a noise absorbability larger thana noise absorbability 
of a housing member of the fan. 

7. A rack apparatus comprising: 
a rack which houses an electric device; and 
a ventilation system which is disposed in the rack and 

includes a plurality of fan units, each of the fan units 
including: 

a fan to generate an air stream, and 
a duct disposed on an upstream of the air stream with 

respect to the fan and defining a flow channel having a 
square-shaped section to guide an air into the fan, the 
flow channel being coaxial with a rotating shaft of the 
fan, 

wherein the fan units is arranged in a direction crossing the 
shaft so that the rotating shafts are disposed in parallel to 
each other. 

8. The rack apparatus according to claim 7, further com 
prising: 

a noise absorption member provided on an inner wall of the 
rack and having a noise absorbability larger than a noise 
absorbability of the rack. 

9. The rack apparatus according to claim 7, wherein a 
length of the flow channel along the shaft is 1.5 to 4 times as 
long as a length of each side of the square-shaped section of 
the flow channel. 

10. The rack apparatus according to claim 8, wherein the 
duct is in contact with the noise absorption member. 

c c c c c 
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