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(57) ABSTRACT 

A cooling device for cooling a heat-generating component 
includes a circulating passage arranged to have coolant 
circulate therein, a centrifugal pump including a first case 
made of metallic material, a Second case made of resin 
material, and an impeller accommodated in the pump cham 
ber, and a radiator provided at the circulating passage and 
being operable to release heat from the coolant. The first 
case has a Surface arranged to contact the heat-generating 
component. The Second case forms a pump chamber 
between the first case and the Second case. The pump 
chamber Stores the coolant therein. The impeller includes 
open-type Vanes arranged to preSSurize the coolant as to 
have the coolant flow through the circulating passage. The 
cooling device has a high cooling efficiency as well as a high 
operating efficiency of the motor while having a simple 
construction and a Small overall size and a Small thickness. 
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COOLING DEVICE AND AN ELECTRONIC 
APPARATUS INCLUDING THE SAME 

RELATED APPLICATIONS 

0001. This application is a continuation-in part of the 
U.S. patent application Ser. No. 10/446,152 filed May 28, 
2003, which is a continuation-in part of the U.S. patent 
application Ser. No. 10/264.265 filed Oct. 4, 2002, entitled 
A COOLING DEVICE AND ANELECTRONIC APPARA 
TUS INCLUDING THE SAME, which relates to and claims 
priority from Japanese Patent Application No. 2002-139598 
filed May 15, 2002, and Japanese Patent Application No. 
2003-007168, filed Jan. 15, 2003, the disclosure of both 
which are hereby incorporated in their entirety by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a cooling device of 
an electronic apparatus for cooling a heat-generating elec 
tronic component, Such as a microprocessor or a CPU, 
mounted in a case with coolant circulated. 

0004 2. Description of the Related Art 
0005 The recent years have seen a dramatic progress in 
the Speed-up of computers while CPUs have much greater 
clock frequencies than before. As a result, heat generation of 
the CPU is increased so much that the conventional air 
cooling method solely dependent upon a heat-sink has 
become inadequate. In this context, a high-efficiency, high 
power cooling device is absolutely required. Known as Such 
a cooling device are those disclosed in Japanese UneXam 
ined Patent Publication Nos. 264139/1993 and 32263/1996 
wherein a coolant is circulated on a Substrate for cooling the 
Substrate with a heat generating electronic component 
mounted thereon. 

0006 The conventional cooling device for cooling the 
electronic apparatus by means of coolant circulation will be 
described as below. It is noted that the term “electronic 
apparatus' essentially means herein an apparatus adapted to 
perform processings based on a program loaded in the CPU 
or the like, or more particularly a portable compact appa 
ratuS Such as a notebook computer. However, the term also 
includes other apparatuses equipped with a heat generating 
electronic component which generates heat when energized. 
A first conventional cooling device is Schematically shown 
in FIG. 10. Referring to FIG. 10, a reference numeral 100 
represents a housing, a numeral 101 representing a heat 
generating electronic component; a numeral 102 represent 
ing a Substrate with the heat generating component 101 
mounted thereon, a numeral 103 representing a cooler 
performing heat eXchange between the heat generating com 
ponent 101 and the coolant for cooling the heat generating 
component 101. A reference numeral 104 represents a radia 
tor for removing heat from the coolant; a numeral 105 
representing a pump for circulating the coolant; a numeral 
106 representing a pipe interconnecting these elements, a 
numeral 107 representing a fan for air cooling the radiator 
104. 

0007 Now, description is made on the operations of the 
first conventional cooling device. Discharged from the pump 
105, the coolant flows through the pipe 106 to reach the 
cooler 103, where the coolant is raised in temperature by 
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absorbing the heat of the heat generating electronic compo 
nent 101. Then, the coolant is delivered to the radiator 104, 
where the coolant is lowered in temperature as air cooled by 
the fan 107. Thus, the cooled coolant is returned to the pump 
105. The movement of the coolant is repeated in cycles. The 
cooling device is designed to cool the heat generating 
electronic component 101 by circulating the coolant in this 

C. 

0008 Next, a second conventional cooling device for 
electronic apparatus is exemplified by that disclosed in 
Japanese Unexamined Patent Publication No. 142886/1995. 
FIG. 11 is a general view of the apparatus with the cooling 
device. 

0009. The second cooling device is designed to cool a 
heat generating member mounted in a narrow housing by 
efficiently transferring heat from the heat generating mem 
ber to a wall of a metal housing which Serves as a radiator 
portion. Referring to FIG. 11, a reference numeral 108 
represents a wiring board of an electronic apparatus, a 
numeral 109 representing a key board; a numeral 110 
representing a Semiconductor heat generating device; a 
numeral 111 representing a disc unit; a numeral 112 repre 
Senting a display unit; a numeral 113 representing a heat 
absorber header involved in heat eXchange with the Semi 
conductor heat generating device 110; a numeral 114 rep 
resenting a radiator header for heat dissipation; a numeral 
115 representing a flexible tube; a numeral 116 representing 
a metal housing of the electronic apparatus. 

0010. The second cooling device is adapted for thermal 
connection between the Semiconductor heat generating 
device 110 as the heat generating member and the metal 
housing 116 by means of a thermal transfer device of a 
flexible structure. The thermal transfer device includes the 
flat heat absorber header 113 attached to the semiconductor 
heat generating device 110 and having a fluid passage, the 
radiator header 114 having a fluid passage and disposed in 
contact with a wall of the metal housing 116; and the flexible 
tube 115 interconnecting the headers. The thermal transfer 
device is designed to drive or circulate a fluid Sealed within 
the device between the heat absorber header 113 and the 
radiator header 114 by means of a fluid driving mechanism 
incorporated in the radiator header 114. Thus, an easy 
connection between the Semiconductor heat generating 
device 110 and the metal housing 116 is provided irrespec 
tive of component layout. Furthermore, a highly efficient 
heat transfer is accomplished by driving the fluid. Since the 
radiator header 114 is thermally connected with the metal 
housing 116, the heat from the radiator header is diffused 
widely on the body of the metal housing 116 having a high 
heat conductivity. 

0011. On the other hand, there is known a pump with a 
heat eXchange function for internal heat eXchange, as dis 
closed in Japanese Unexamined Utility Model Publication 
No. 147900/1990. The pump with the heat exchange func 
tion is shown in a partially cut-away perspective view of 
FIG. 12. Referring to FIG. 12, a reference numeral 120 
represents a motor, a numeral 121 representing a heat 
eXchanger; a numeral 122 representing a cooling water 
passage, a numeral 122a representing an outlet port; a 
numeral 122b representing an inlet port, a numeral 123 
representing a centrifugal pump; a numeral 124 representing 
a housing, a numeral 125 representing an impeller. 
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0012. The centrifugal pump 123 is provided with an inlet 
port 124b centrally of the housing 124 of a volute type, and 
with an outlet port 124a tangentially of the housing. Dis 
posed within the housing 124 is the impeller 125, a shaft of 
which is coupled with the motor 120. The cooling water 
passage 122 of the heat eXchanger 121 is accommodated in 
the housing, as arranged on the whole outer periphery of the 
impeller 125 in a ZigZag fashion. 

0013 Now, description is made on the operations of the 
conventional pump with the heat eXchange function. When 
the impeller 125 is rotated by the motor 120, a heated 
coolant A from the apparatus is introduced into the housing 
124 via the inlet port 122b to be whirled in the housing 124 
and then discharged from the outlet port 122a on the external 
Side. In this proceSS, turbulent flow is formed at an outer area 
of the interior of the housing 124 because of high pressure, 
thus violently bringing the coolant A into contact with the 
cooling water passage 122 So that the coolant A is cooled by 
a cooling water B flowing through the cooling water passage 
122. In this manner, the device delivers the coolant A to the 
apparatus under pressure while cooling the coolant A in the 
centrifugal pump 123. 

0.014. However, the first conventional cooling device 
described above requires the cooler 103 for cooling the heat 
generating electronic component 101 by way of heat 
eXchange between the heat generating component 101 and 
the coolant, the radiator 104 for removing the heat from the 
coolant, and the pump 105 for circulating the coolant. Since 
the cooling device comprises the combination of these 
elements, the device has a large and complicated Structure 
which cannot be downsized and also involves cost increase. 
In other words, the first conventional cooling device is 
basically Suited for cooling large electronic apparatuses but 
is not adapted for the current high-performance portable 
notebook computers featuring a compact, lightweight and 
Slim design and various modes of carriage and use. 

0.015 Although the aforementioned second conventional 
cooling device can be adapted for use in the notebook 
computers, the flat heat absorber header 113 attached to the 
Semiconductor heat generating device 110 and the radiator 
header 114 in contact with the wall of the metal housing 116 
are both shaped like a box, having Substantial thickness. 
That is, the headers are an impediment to a thinner design of 
the notebook computer. Specifically, the Second conven 
tional cooling device is arranged Such that the radiator 
header 114 contains therein a reciprocating pump as the fluid 
driving machine which is Smaller in transverse width than 
other pumps. Unfortunately, the thickness of the reciprocat 
ing pump defines a great thickness of the radiator header 114 
as a whole, making the notebook computer of Slim design 
impracticable. 

0016 Further, the slim notebook computer does not per 
mit the heat absorber header 113 to accommodate the 
reciprocating pump of the Second cooling device. That is, the 
thickness of the pump would add to that of the Semicon 
ductor heat generating device 110, resulting in an increased 
thickness of the notebook computer. This is against the 
movement toward the thin design of the notebook comput 
erS. In addition, Vibrations and noises produced by the 
reciprocating pump adversely affect the Semiconductor heat 
generating device 110 on which the pump would be 
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mounted. In Some cases, the noises may grate on ear. On 
these accounts, it is difficult for the Second cooling device to 
contribute the Slim design. 
0017. The second conventional cooling device encoun 
ters a limited cooling capability because the radiator header 
114 in contact with the wall of the metal housing 116 has a 
low heat transferability resulting from a Small heat radiating 
area. It may be contemplated to increase the heat radiating 
area for enhancing the cooling capability. However, the 
further increase of the heat radiating area leads to the 
following contradiction. That is, the increased heat radiating 
area means an increased length of the flow passage and 
amount of circulation, thus requiring an increased output of 
the incorporated reciprocating pump, which results in an 
increased thickness of the radiator header 114. If an arrange 
ment is made Such that the reciprocating pump is indepen 
dently accommodated in the metal housing 116, another 
Space for the pump must be spared in the body of the 
notebook computer with dead Space reduced to the limit. 
Furthermore, assembly work for the cooling device is com 
plicated. Thus, the Second conventional cooling device has 
limitations in the reduction of Size and thickness of the 
notebook computers. The Second conventional cooling 
device with Such drawbacks falls short of meeting a demand 
for further increase of the cooling capability in conjunction 
with the recent progress of the CPUs. 
0018. On the other hand, the conventional pump with the 
heat eXchange function has a large, complicated Structure 
requiring the cooling water passage disposed therein 
because the coolant is cooled by the independent cooling 
water. The pump further requires a Second pump for circu 
lating the cooling water and a Second heat eXchanger for 
absorbing heat from the cooling water. Hence, the pump is 
a complicated System difficult to be downsized and also 
Suffers a large number of components and low assembly 
efficiencies. Consequently, a good thermal efficiency or cost 
reduction cannot be expected from this pump. 
0019. In view of the foregoing, it is an object of the 
invention to provide a cooling device accomplishing both 
the improved cooling efficiency and the reduced size and 
thickness thereof, and featuring a simple construction. 
0020. It is another object of the invention to provide an 
electronic apparatus featuring a compact, Slim design and a 
Simplified construction. 

SUMMARY OF THE INVENTION 

0021 A cooling device for cooling a heat-generating 
component includes a circulating passage arranged to have 
coolant circulate therein, a centrifugal pump including a first 
case made of metallic material, a Second case made of resin 
material, and an impeller accommodated in the pump cham 
ber, and a radiator provided at the circulating passage and 
being operable to release heat from the coolant. The first 
case has a Surface arranged to contact the heat-generating 
component. The Second case forms a pump chamber 
between the first case and the Second case. The pump 
chamber Stores the coolant therein. The impeller includes 
open-type Vanes arranged to preSSurize the coolant as to 
have the coolant flow through the circulating passage. 
0022. The cooling device has a high cooling efficiency as 
well as a high operating efficiency of the motor while having 
a simple construction and a Small overall size and a Small 
thickness. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0023 FIG. 1 is a diagram showing a general construction 
of an electronic apparatus incorporating a cooling device 
according to a first embodiment of the invention; 
0024 FIG. 2 is a sectional view showing a pump of 
contact heat eXchanger type according to the first embodi 
ment of the invention; 
0.025 FIG. 3 is a disassembled perspective view showing 
the pump of contact heat eXchanger type according to the 
first embodiment of the invention; 
0.026 FIG. 4 is a sectional view of a principal part for 
illustrating the flow of a coolant in the pump of contact heat 
eXchanger type according to the first embodiment of the 
invention; 
0.027 FIG. 5A is a table representing radial thrusts on a 
ring-like impeller according to the first embodiment of the 
invention; 
0028 FIG. 5B is a diagram explaining of the radial thrust 
on the ring-like impeller according to the first embodiment 
of the invention; 
0029 FIG. 6 is a sectional view of a principal part for 
illustrating the flow of the coolant in the pump of contact 
heat eXchanger type provided with a fin according to the first 
embodiment of the invention; 

0030 FIG. 7 is a diagram showing a general construction 
of an electronic apparatus incorporating a cooling device 
according to a Second embodiment of the invention; 
0.031 FIG. 8 is a sectional view showing a pivotal 
member according to the Second embodiment of the inven 
tion; 

0.032 FIG. 9 is a sectional view showing the pivotal 
member of the second embodiment of the invention inte 
grated with a removable Snap-in type connector; 
0.033 FIG. 10 is a diagram showing a construction of a 

first conventional cooling device for electronic apparatus, 
0034 FIG. 11 is a diagram showing a construction of a 
Second conventional cooling device for electronic apparatus, 
0.035 FIG. 12 is a partially cut-away perspective view 
showing a conventional pump with heat eXchange function; 
0.036 FIG. 13 is a diagram showing a mounting structure 
of the pump of contact heat eXchanger type and the heat 
generating electronic component according to an embodi 
ment of the invention; 
0037 FIG. 14 is a diagram showing a mounting structure 
of the pump of contact heat eXchanger type and the heat 
generating electronic component according to an embodi 
ment of the invention; 

0.038 FIG. 15 is a diagram showing a mounting structure 
of the pump of contact heat eXchanger type and the heat 
generating electronic component according to an embodi 
ment of the invention; 
0.039 FIG. 16 is a diagram showing a mounting structure 
of the pump of contact heat eXchanger type and the heat 
generating electronic component according to an embodi 
ment of the invention; 
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0040 FIG. 17 is a diagram showing a mounting structure 
of the pump of contact heat eXchanger type and the heat 
generating electronic component according to an embodi 
ment of the invention; 

0041 FIG. 18 is a diagram showing a mounting structure 
of the pump of contact heat eXchanger type and the heat 
generating electronic component according to an embodi 
ment of the invention; 

0042 FIG. 19 is a diagram showing a mounting structure 
of the pump of contact heat eXchanger type and the heat 
generating electronic component according to an embodi 
ment of the invention; 

0043 FIG.20 is a diagram showing a mounting structure 
of the pump of contact heat eXchanger type and the heat 
generating electronic component according to an embodi 
ment of the invention; 

0044 FIG.21 is a diagram showing a mounting structure 
of the pump of contact heat eXchanger type and the heat 
generating electronic component according to an embodi 
ment of the invention; 

004.5 FIG.22 is a diagram showing a mounting structure 
of the pump of contact heat eXchanger type and the heat 
generating electronic component according to an embodi 
ment of the invention; 

0046 FIG.23 is a diagram showing a mounting structure 
of the pump of contact heat eXchanger type and the heat 
generating electronic component according to an embodi 
ment of the invention; 

0047 FIG.24 is a diagram showing a mounting structure 
of the pump of contact heat eXchanger type and the heat 
generating electronic component according to an embodi 
ment of the invention; 

0048 FIG.25 is a diagram showing a mounting structure 
of the pump of contact heat eXchanger type and the heat 
generating electronic component according to an embodi 
ment of the invention; 

0049 FIG. 26 is a diagram showing a mounting structure 
of the pump of contact heat eXchanger type and the heat 
generating electronic component according to an embodi 
ment of the invention; 

0050 FIG.27 is a diagram showing a mounting structure 
of the pump of contact heat eXchanger type and the heat 
generating electronic component according to an embodi 
ment of the invention; 

0051 FIG.28 is a diagram showing a mounting structure 
of the pump of contact heat eXchanger type and the heat 
generating electronic component according to an embodi 
ment of the invention; 

0052 FIG.29 is a diagram showing a mounting structure 
of the pump of contact heat eXchanger type and the heat 
generating electronic component according to an embodi 
ment of the invention; 

0053 FIG. 30 is a diagram showing a mounting structure 
of the pump of contact heat eXchanger type and the heat 
generating electronic component according to an embodi 
ment of the invention; 
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0.054 FIG.31 is a diagram showing a mounting structure 
of the pump of contact heat eXchanger type and the heat 
generating electronic component according to an embodi 
ment of the invention; 
0.055 FIG. 32 is a diagram showing a mounting structure 
of the pump of contact heat eXchanger type and the heat 
generating electronic component according to an embodi 
ment of the invention; 
0056 FIG.33 is a diagram showing a mounting structure 
of the pump of contact heat eXchanger type and the heat 
generating electronic component according to an embodi 
ment of the invention; 
0057 FIG. 34 is a diagram showing a mounting structure 
of the pump of contact heat eXchanger type and the heat 
generating electronic component according to an embodi 
ment of the invention; 
0.058 FIG. 35 is a diagram showing a mounting structure 
of the pump of contact heat eXchanger type and the heat 
generating electronic component according to an embodi 
ment of the invention; 
0059 FIG. 36 is a diagram showing a mounting structure 
of the pump of contact heat eXchanger type and the heat 
generating electronic component according to an embodi 
ment of the invention; and 
0060 FIG. 37 is a diagram showing a mounting structure 
of the pump of contact heat eXchanger type and the heat 
generating electronic component according to an embodi 
ment of the invention. 

0061 FIG. 38 is a schematic diagram of an exemplary 
heat-exchange-type centrifugal pump of a cooling device in 
accordance with a third embodiment of the invention. 

0062 FIG. 39 is a front view of an impeller of the 
centrifugal pump in accordance with the third embodiment. 
0.063 FIG. 40 shows an exemplary fluid bearing that can 
be utilized in the centrifugal pump in accordance with the 
third embodiment. 

0.064 FIG. 41 is a perspective view of an inner surface 
of a pump chamber of the centrifugal pump in accordance 
with the third embodiment. 

0065 FIG. 42A illustrates brushes attached to the impel 
ler of the centrifugal pump in accordance with the third 
embodiment. FIG. 42B illustrates blades attached to the 
impeller of the centrifugal pump in accordance with the third 
embodiment. 

0.066 FIG. 43 is a side view of the centrifugal pump 
taken at line 43-43 of FIG. 38. 

0067 FIG. 44 is a schematic diagram of an exemplary 
heat-exchange-type centrifugal pump of a cooling device in 
accordance with a fourth embodiment of the invention. 

0068 FIG. 45 is a front view of an impeller of the 
centrifugal pump in accordance with the fourth embodiment. 
0069 FIG. 46A shows the centrifugal pump including an 
impeller having a short rotating Shaft in accordance with the 
fourth embodiment. 

0070 FIG. 46B shows another centrifugal pump includ 
ing an impeller having a short rotating Shaft in accordance 
with the fourth embodiment. 
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0071 FIG. 47 is a front view of an inner wall of a pump 
chamber of the centrifugal pump in accordance with the 
fourth embodiment. 

0072 FIG. 48 is a schematic diagram of a housing of a 
further centrifugal pump in accordance with the fourth 
embodiment. 

0073 FIG. 49 is a schematic diagram of an exemplary 
heat-exchange-type centrifugal pump of a cooling device in 
accordance with a fifth embodiment of the invention. 

0074 FIG. 50 is a perspective view of an electronic 
apparatus including a cooling device according to a sixth 
embodiment of the present invention. 
0075 FIG. 51 is a cross sectional view of a centrifugal 
pump of the cooling device of the Sixth embodiment. 
0.076 FIG. 52A is a front view of a lower case of the 
centrifugal pump according to the Sixth embodiment. 
0.077 FIG. 52B is a cross sectional view of the lower 
case shown in FIG. 52A. 

0078 FIG. 52C is a side view of the lower case shown 
in FIG. 52A. 

007.9 FIG. 53A is a cross sectional view of another 
centrifugal pump including a Sealing member according to 
the sixth embodiment. 

0080 FIG. 53B is a front view of the sealing member 
shown in FIG. 53A. 

0081 FIG. 54 is a cross sectional view of a further 
centrifugal pump according the Sixth embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0082 Preferred embodiments of the invention will be 
described in detail with reference to the accompanying 
drawings. In the following description of the embodiments, 
each of the parts represented by the same reference numerals 
in the drawings is Substantially constructed the same way 
and hence, the explanation of like parts is omitted. 

First Embodiment 

0083. A cooling device of a first embodiment and an 
electronic apparatus including the same is designed to 
interconnect a pump of contact heat eXchanger type and a 
radiator by means of a flexible pipe permitting a Second 
housing to rotate relative to a first housing. The electronic 
apparatus is a foldable apparatuS Such as a notebook com 
puter. FIG. 1 is a diagram showing a general construction of 
the electronic apparatus incorporating the cooling device of 
the first embodiment, whereas FIG. 2 is a sectional view 
showing the pump of contact heat eXchanger type according 
to the first embodiment. FIG. 3 is a disassembled perspec 
tive view showing the pump of contact heat eXchanger type 
according to the first embodiment whereas FIG. 4 is a 
Sectional view of a principal part showing a flow of a coolant 
in the pump according to the first embodiment. 
0084. Referring to FIG. 1, a reference numeral 1 repre 
Sents a first housing Such as of a notebook computer; a 
numeral 2 representing a keyboard disposed on a top Surface 
of the first housing 1; a numeral 3 representing a heat 
generating electronic component Such as a CPU accommo 
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dated in the first housing 1; a numeral 4 representing a 
Substrate with the heat generating electronic component 3 
mounted thereon, a numeral 5 representing a Second housing 
Serving as a cover of the first housing 1; a numeral 6 
representing a display unit disposed on an inside Surface of 
the Second housing 5 for displaying operation results given 
by the CPU, a numeral 7 representing a pump of contact heat 
eXchanger type disposed in intimate contact with the heat 
generating component 3 for heat eXchange between the heat 
generating component 3 and a coolant X thereby cooling the 
heat generating component 3 and also Serving to circulate 
the coolant X, a numeral 8 representing a radiator disposed 
on a back Side of the display unit 6 for removing the heat 
from the coolant X, a numeral 8a representing a coolant 
passage arranged in a ZigZag fashion; a numeral 8b repre 
Senting a reserve tank for replenishing the coolant X, a 
numeral 9 representing a pipe for interconnecting these 
elements. Suitably used as the coolant X is an aqueous 
Solution of propylene glycol which is safely used as a food 
additive or the like. In a case where aluminum or copper is 
used as a housing material as will be described herein later, 
the coolant may preferably be added with an anti-corrosive 
additive for improving the coolant in anti-corrosion charac 
teristic with respect to Such materials. 
0085. The radiator 8 comprises a sheet member of a 
material having a high heat conductivity and heat releas 
ability, Such as copper, aluminum, StainleSS Steel or the like, 
because of the need for removing heat from the coolant X in 
a large space of a narrow width on the back side of the 
display unit 6. As shown in FIG. 1, the radiator includes 
therein the coolant passage 8a and the reserve tank 8b. A 
Suitable radiator for use in the present invention is disclosed 
in a commonly owned and concurrently filed U.S. Patent 
application whose Attorney Docket Number 43890-586 is, 
which application is hereby incorporated by reference. In 
order to increase the cooling effect, the radiator 8 may be 
further provided a fan for forcibly cooling the coolant by 
blowing air against the radiator 8. The pipe 9 comprises a 
rubber tube of a flexible, low gas-permeable rubber such as 
butyl rubber such that the freedom of pipe layout may be 
Secured. The low gas-permeable rubber Serves the purpose 
of preventing the invasion of air bubbles into the tube. 
0.086 Next, the structure of the pump of contact heat 
eXchanger type 7 is described. The pump of contact heat 
eXchanger type 7 according to the first embodiment employs 
a vortex pump (also referred to as Wesco pump, regenerative 
pump or friction pump). Referring to FIGS. 2 and 3, a 
reference numeral 11 represents a ring-like impeller of the 
Vortex pump; a numeral 12 representing a plurality of 
grooved Vanes formed on an outer periphery of the ring-like 
impeller 11, a numeral 13 representing a rotor magnet 
disposed in an inside circumference of the ring-like impeller 
11. A reference numeral 14 represents a motor Stator dis 
posed in an inside circumference of the rotor magnet 13, a 
numeral 15 representing a pump housing accommodating 
the ring-like impeller 11 and guiding the fluid to an outlet 
port as allowing the restoration of the preSSure of kinetic 
energy applied to the fluid by the impeller 11; a numeral 15a 
representing a heat absorbing Surface contacting the heat 
generating electronic component 3 for absorbing the heat 
therefrom; a numeral 15b representing a pump chamber 
guiding the fluid to the outlet port as allowing the restoration 
of the pressure of the kinetic energy applied to the fluid by 
the Vanes 12, a numeral 16 representing a housing cover 

Jun. 2, 2005 

constituting a part of the pump housing 15 and accommo 
dating the ring-like impeller 11 followed by Sealing the 
pump chamber 15b, a numeral 17 representing a cylinder 
portion disposed in the pump housing 15 and rotatably 
supporting the ring-like impeller 11. The pump 7 of the first 
embodiment has a thickness of 5-10 mm with respect to a 
direction of rotary axis, a characteristic radial length of 
40-50 mm; a speed of rotation of 1200 rpm; a flow rate of 
0.08-0.12 L/min...; and a head of the order of 0.35-0.45 m. 
Thus, the data of the pump according to the invention, 
including the values of the first embodiment, are defined as 
3-15 mm in thickness; 10-70 mm in characteristic radial 
length; 0.01-0.5 L/min. in flow rate; and 0.1-2 m in head. 
That is, the pump is a Slim, compact type having a specific 
rate of 24-28 (unit: m, m/min., rpm) and much Smaller than 
the conventional pumps. 
0087. Because of the difficulty of forming a flat side 
Surface of the pump, the application of a Slim pump having 
thin and flat heat absorbing Surface has been thought to be 
impracticable. However, the inventors focused attention on 
the vortex pump and found that the object of the invention 
can be achieved by making the following improvements to 
the pump. That is, an adequate heat eXchange function can 
be attained by Subjecting the heat from the heat generating 
electronic component 3 to turbulent heat eXchange by way 
of turbulent flow formed at an outer periphery of the vortex 
pump. The flat heat absorbing Surface can be realized by 
unifying a part of a driving portion with the impeller to form 
a flat plate-like arrangement as a whole. In terms of the area 
of the heat absorbing surface relative to the flow rate and the 
quantity of heat transfer relative to the flow rate, this 
compact, Slim pump can achieve an adequate cooling capac 
ity in contrast to the pump of a normal size. 
0088 Specifically, the fluid in the pump housing 15 of the 
pump of contact heat eXchanger type 7 is agitated by the 
Vanes 12 to form a spiral flow. In a macroscopic view, the 
fluid flows along the ring-like pump chamber 15b. The heat 
externally transferred from the heat source is absorbed by 
the fluid flow at the outer periphery of the ring-like impeller 
11 (in a microscopic view as shown in FIG. 4, the fluid flow 
partly counter-flows against the heat transfer direction). AS 
a result, the pump can function as a heat eXchanger without 
the provision of another cooling device. However, the pump 
may include an auxiliary cooling device for enhancing the 
cooling capacity. The rotor magnet 13 is unified with the 
ring-like impeller 11 to form a ring body which is rotatably 
Supported by the cylinder portion 17. Accordingly, the 
ring-like impeller 11 is decreased in inertial mass, So that 
heat generation by the driving portion is decreased while the 
pump of contact heat eXchanger type 7 can be reduced in 
size, thickneSS and weight. In order to expedite the heat 
transfer, a material of high heat conductivity, Such as copper, 
aluminum, StainleSS Steel and the like, must be Selected for 
forming the pump housing 15 and the housing cover 16. In 
principle, it is proper to use a metal material of high heat 
conductivity including copper, aluminum and the like. Oth 
erwise, as a material leSS Susceptible to variations in heat 
conductivity, a resin or the like having a high heat conduc 
tivity may also be used. In a case where aluminum is 
Selected as a material for forming the pump housing 15 in 
the light of weight reduction, a copper sheet having a greater 
heat conductivity than aluminum may preferably be attached 
to a lower Surface of the pump housing 15. Additionally, a 
heat pipe may be attached to the lower Surface of the pump 
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housing 15 (on the heat absorbing surface 15a side) or may 
be embedded in a part thereof so that the absorbed heat may 
be more effectively transferred to the outer periphery of the 
ring-like impeller 11 in the pump housing 15. The copper 
sheet and heat pipe are equivalent to an auxiliary heat 
conductive member of the invention. In addition to the 
attached sheet member, the auxiliary heat conductive mem 
ber may be formed by friction bonding a copper bar and 
cutting off an unrequired portion. It is also preferred that the 
pump housing 15 and housing cover 16 are formed with 
fin-like projections and depressions on Outer Surfaces thereof 
for active heat eXchange with outside air. 
0089. In addition, the pump of contact heat exchanger 
type 7 can be designed to have the heat absorbing Surface 
15a of the pump housing 15 totally defined by a flat plane. 
Specifically, a side Surface of the pump housing 15 is formed 
in correspondence with Side Surfaces of the pump chamber 
15b and motor stator 14, while the motor stator 14 is 
received in a cavity in the cylinder portion 17, whereby the 
heat absorbing surface 15a of the pump 7 is formed flat. 
Thus, the heat absorbing Surface 15a may come into tight 
contact with the heat generating electronic component 3 (a 
top Surface thereof is normally formed flat). In a case where 
the top of the heat generating component 3 is formed 
uneven, the pump housing may be So varied in thickneSS as 
to conform with the top configuration of the heat generating 
component, thereby establishing the tight contact therewith. 
Similarly to the aforementioned copper sheet, a bonding 
resin or rubber having a high heat conductivity may pref 
erably be interposed between the heat absorbing surface 15a 
and the top configuration of the heat generating electronic 
component 3 Such that the pump housing may be Secured to 
place with the minimum possible decrease of the heat 
conductivity. It is noted that to conform the heat absorbing 
Surface 15a with the top configuration of the heat generating 
electronic component 3 is to impart the heat absorbing 
Surface 15a with a complementary configuration to the 
three-dimensional configuration of the top Surface of the 
heat generating component 3. That is, the curvature of the 
heat absorbing Surface matches that of the heat generating 
component 3, So that the pump housing per Se is mountable 
on the component. Further, Such a conformity means that the 
curvatures of these elements match with each other at least 
at their fixing portions (contact portions), although the size 
and configuration of the heat generating electronic compo 
nent 3 Such as CPU often differ from those of the heat 
absorbing Surface 15a (the pump of contact heat exchanger 
type 7 according to the invention is quite Small whereas the 
heat generating component 3 normally has a greater Size, 
and the pump 7 according to the invention can take various 
forms whereas the heat generating component normally has 
a Square shape). For effective heat transfer, it is necessary to 
eliminate the formation of an air layer between the heat 
absorbing Surface 15a and the heat generating electronic 
component 3. Hence, the concept of conformity may include 
a case, for instance, where a minor depression is formed in 
either one of the heat absorbing Surface and the heat gen 
erating component, although this approach is never recom 
mended. 

0090. In the first embodiment, the motor stator 14 is 
received in the central cavity defined by the cylinder portion 
17 of the pump housing 15 and transferred, one side of the 
motor stator transferring heat while the other side thereof 
dissipating the heat as exposed the outside air. Thus, the 
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driving portion basically produces a Small quantity of heat, 
which is dissipated in the atmosphere. Therefore, the pump 
of contact heat eXchanger type 7 can be dedicated to the 
cooling of the heat generating electronic component 3. In the 
light of the effective cooling of the heat generating electronic 
component 3, however, it is recommendable not to locate the 
heat generating component 3 Such as CPU near the motor 
Stator 14 which also produces heat. Although varied depend 
ing upon the sizes of the heat generating component 3 and 
heat absorbing Surface 15a, the rate of heat transfer depends 
upon the location of the heat generating component 3. 
Because of the heat generation by the motor, areas of the 
heat absorbing Surface 15a that correspond to lateral sides of 
the housing sandwiching the wall of the pump chamber 15b 
and an area near an inlet port 19 and an outlet port 20 present 
higher rate of heat absorption. In particular, the greatest heat 
dissipation effect may be obtained by positioning the center 
of the heat generating component 3 at the area of the heat 
absorbing surface 15a that is surrounded by the inlet port 19, 
outlet port 20 and pump chamber 15b. 
0091. The cavity receiving the motor stator 14 may be 
molded of a Silicone or urethane resin having a high heat 
conductivity Such that the heat produced by the motor Stator 
14 may be transferred to the pump chamber 15b via this 
molded portion. Furthermore, the molded portion is effective 
to transfer the heat from the heat generating component 3, 
absorbed by the heat absorbing surface 15a, to the coolant 
X in the pump chamber 15b. This results in a further increase 
in the heat transfer rate. If the motor stator 14 including 
winding is molded of a molding material, the molded Stator 
not only expedites the dissipation of heat from the heat 
generating component 3 but also completely Seals the elec 
trically conductive winding portion against water. Thus, the 
motor Stator 14 can be perfectly protected against fluid 
leakage. 

0092. The pump of contact heat exchanger type 7 accord 
ing to the first embodiment is adapted for non-contact 
rotation while reducing hydrodynamically produced axial 
and radial thrusts in order to maintain Smooth operation for 
a long period of time. Referring to FIGS. 2 and 3, a 
reference numeral 18 represents a thrust plate; the 19 
numeral representing the inlet port; the numeral 20 repre 
Senting the outlet port. A reference numeral 22 represents a 
thrust dynamic pressure generating groove formed on oppo 
Site Side Surfaces of the ring-like impeller 11 and having a 
Spiral groove pattern, whereas a numeral 23 represents a 
radial dynamic pressure generating groove formed on an 
inside circumference of the ring-like impeller 11 and having 
a herringbone groove pattern. 

0093. In the vortex pump, thrust balance is lost because 
a pressure at an area near the outlet port 20 is greater than 
a pressure at an area near the inlet port 19. Hence, the Spiral 
groove pattern of the thrust dynamic pressure generating 
groove 22 is So formed as to provide a pumping action for 
thrusting the fluid toward the inside circumference of the 
groove in conjunction with the rotation of the ring-like 
impeller 11, thereby forming fluid films on the opposite sides 
of the impeller 11 for dynamically Supporting an axial thrust. 
On the other hand, the herringbone groove pattern of the 
radial dynamic preSSure generating groove 23 is So formed 
as to provide a pumping action for thrusting the fluid toward 
the axial center of the groove in conjunction with the 
rotation of the impeller 11, thereby forming a fluid film for 
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dynamically Supporting a radial thrust on the ring-like 
impeller 11. The thrust dynamic pressure generating groove 
22 may be formed on the thrust plate 18 of the pump housing 
15 or the housing cover rather than on the ring-like impeller 
11. On the other hand, the radial dynamic pressure gener 
ating groove 23 may be formed on the cylinder portion 17 
of the pump housing 15. 

0094 FIG. 5A is a table listing radial thrusts on the 
ring-like impeller 11 according to the first embodiment of 
the invention, whereas FIG. 5B is an explanatory diagram of 
the radial thrust on the ring-like impeller according to the 
first embodiment of the invention. In FIG. 5B, the arrow F 
represents the direction of force acting on the ring-like 
impeller 11. As shown in FIG. 5B, the vortex pump has the 
higher preSSure at the area near the outlet port 20 than the 
preSSure at the area near the inlet port 19 and hence, the 
radial thrust acts in a 0-direction or a direction away from 
the outlet port 20. Therefore, the radial thrust can be 
prevented from bringing the ring-like impeller 11 into con 
tact with the cylinder portion 17 if the thrusting force of the 
fluid is intensified by forming the radial dynamic pressure 
generating groove 23 at an A-region (a portion of the 
cylinder portion 17 of the pump housing 15 that is repre 
Sented by a thick line in the figure) in Such a depth as to 
provide an increased dynamic pressure. In this case, the 
radial dynamic pressure generating groove 23 may be 
formed only on the A-region of the cylinder portion 17 near 
the outlet port 20 or on the overall circumference. In this 
manner, a stable operation of the pump is ensured. AS 
apparent from the data listed in FIG. 5A, the direction of the 
force on the ring-like impeller 11 varies depending upon the 
pressure difference between the outlet port 20 and the inlet 
port 19. Hence, the range of the A-region may be defined 
based on the area used. 

0.095 The pump of contact heat exchanger type 7 has the 
following advantages. Firstly, the driving portion of the 
Vortex pump includes rotor magnet 13 and motor Stator 14 
which are separated. The rotor magnet 13 is unified with the 
ring-like impeller 11, so that the unified body may be 
combined with the motor stator 14 to form a flat general 
structure of the pump. This permits the formation of a flat 
and wide heat absorbing surface 15a on the side surface of 
the pump. Secondly, the pump of contact heat eXchanger 
type 7 can adequately function as the cooling device because 
the heat from the heat generating electronic component 3 is 
transferred to the heat absorbing surface 15a where the heat 
is Subjected to turbulent heat eXchange at the outer periphery 
of the pump by way of a spiral flow of the fluid including a 
local counter flow against the heat transfer direction. 
Thirdly, the ring-like impeller 11 is perfectly sealed in the 
fluid by providing the cylinder portion 17 and is maintained 
afloat within the pump housing 15 in a non-contact fashion 
thereby minimizing load thereupon. The minimum load 
leads to a reduced heat generation by the driving portion and 
an increased cooling capability. Fourthly, the pump of con 
tact heat eXchanger type 7 also Serves as the cooling device, 
thus negating the need for the conventional cooling device 
or for the assembly work for the cooling device. In addition, 
the mounting of the pump 7 onto the heat generating 
component 3 does not require an additional cumberSome 
assembly work or a special Structure. The pump 7 only need 
be Securely Seated on the heat generating component with its 
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heat absorbing Surface contacting the component. This is 
quite advantageous in terms of the assembly work for the 
cooling device and costs. 
0096) Next, description will be made on the operations of 
the cooling device of the first embodiment and of the 
electronic apparatus including the same. When power is 
Supplied from an external power Source, current controlled 
by a Semiconductor Switching circuit in the pump of contact 
heat eXchanger type 7 flows through a coil of the motor 
Stator 14, So as to generate a rotating magnetic field. The 
rotating magnetic field acts on the rotor magnet 13 to 
produce a physical force therein. Since the rotor magnet 13 
is unified with the ring-like impeller 11 rotatably supported 
by the cylinder portion 17 of the pump housing 15, the 
ring-like impeller 11 is Subjected to a torque, which causes 
the impeller 11 to rotate. In conjunction with the rotation of 
the impeller 11, the vanes 12 on the outer periphery of the 
impeller 11 imparts a kinetic energy to the fluid thus 
introduced from the inlet port 19. The kinetic energy pro 
gressively increases the fluid pressure in the pump housing 
15, so as to discharge the fluid from the outlet port 20. 
0097. In this process, the pumping action of the thrust 
dynamic pressure generating groove 22 due to the rotation of 
the impeller 11 thrusts the fluid toward the inside circum 
ference of the thrust dynamic pressure generating groove 22 
thereby to produce a thrust dynamic preSSure between the 
opposite sides of the impeller 11 and the thrust plates 18. 
This permits the impeller 11 to rotate smoothly as prevented 
by the fluid film from contacting the thrust plates 18. On the 
other hand, the pumping action of the radial dynamic 
preSSure generating groove 23 due to the rotation of the 
impeller 11 thrusts the fluid toward the axial center of the 
radial dynamic pressure generating groove 23 thereby to 
produce a radial dynamic pressure between the inside cir 
cumference of the impeller 11 and the cylinder portion 17. 
Therefore, the ring-like impeller 11 rotates Smoothly as 
maintained afloat and out of contact with the cylinder 
portion 17. The ring-like impeller 11 presents a small 
rotational inertia and quite favorable response. In addition, 
the pump itself is notably decreased in weight. 
0098. In this state, the pump of contact heat exchanger 
type 7 smoothly suck in the coolant X. The Sucked coolant 
X is agitated by the impeller 11 in a Space enclosed by the 
pump housing 15 and the housing cover 16, as shown in 
FIG. 4, thereby to form a flow typical of the vortex pump in 
the pump chamber 15b and then discharged as progressively 
increased in pressure. In this process, the coolant X is 
involved in a violent turbulent heat eXchange with the pump 
housing 15 and housing cover 16 which are raised in 
temperature by the heat transferred from the heat generating 
electronic component 3. The turbulent heat eXchange may be 
promoted by increasing the Surface roughness of an inside 
wall of the pump chamber 15 by shot blasting, shot peening 
or the like. This is because the heat transfer area is increased 
by increasing the Surface roughness and because the heat 
transfer is enhanced by the more violent turbulent flow. For 
the same reasons, the quantity of heat eXchange may be 
increased by providing a fin 15c projecting from the inside 
wall of the pump chamber 15b toward the impeller 11, as 
shown in FIG. 6. The fin 15c contributes to the Smooth fluid 
flow in the pump chamber 15b as well as to the increased 
area of heat transfer from the pump housing 15 to the coolant 
X. FIG. 6 is a sectional view of a principal part for 
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illustrating the flow of coolant in the pump of contact heat 
eXchanger type provided with the fin according to the first 
embodiment of the invention. 

0099 Thus raised in temperature as absorbing the heat 
from the heat generating component 3 during the turbulent 
heat eXchange, the coolant X is transported to the radiator 8 
via the pipe 9, and cooled by the radiator 8. After lowered 
in temperature, the coolant X is returned to the pump 7 via 
the pipe 9, repeating these movements in cycles. 
0100. The heat released from the radiator 8 is discharged 
from the Second housing 5 whereas the temperature of the 
interior of the first housing 1 is kept at a constant level. 
Therefore, there is no fear that the Surface temperature of the 
first housing 1 most frequently touched by a user is raised to 
cause user discomfort. In this manner, the pump of contact 
heat eXchanger type 7 is capable of maintaining the tem 
perature of the heat generating electronic component 3 
within an allowable range by absorbing the heat from the 
heat generating component 3 by way of circulation of the 
coolant X. 

0101 By virtue of the pump of contact heat exchanger 
type 7 Serving the dual purposes of pump and cooling 
device, the cooling device of the first embodiment and the 
electronic apparatus including the same do not require 
Separate provisions of the pump and cooling device, or the 
pipe for interconnecting the pump and the cooling device, 
thus accomplishing the reduction of the size and cost of the 
cooling device. The assembly work for the cooling device is 
also obviated. Furthermore, the additional cumbersome 
assembly work or the Specific structure is not required for 
mounting the pump 7 on the heat generating component 3. 
The pump 7 can be adequately mounted to place Simply by 
placing it on the component 3 in contacting relation. This is 
quite advantageous in terms of the assembly of the cooling 
device and costs. 

0102) The pump of contact heat exchanger type 7 is 
constructed as a ultra-thin Vortex pump wherein the Vanes 
12, the rotor magnet 13 and a rotary shaft are unified to form 
the ring-like impeller 11 which receives therein the motor 
stator 14. The pump 7 is adapted to subject the coolant to the 
Violent turbulent heat eXchange therein, thus achieving the 
increased cooling efficiency of the cooling device and con 
tributing to the further reduction of thickness and cost of the 
cooling device. 
0103) The pipe 9 is comprised of a tube of a low 
gas-permeable rubber, thereby maintaining the freedom of 
pipe layout and providing a long term prevention of the 
evaporation of the coolant X in the cooling device which 
will lead to the invasion of a large quantity of gas into the 
cooling device. In addition, the main body Such as a note 
book computer can be further downsized by providing the 
pump of contact heat eXchanger type 7 in the first housing 
1 and the radiator 8 in the second housing 5. 

Second Embodiment 

0104. A cooling device according to a second embodi 
ment of the invention and an electronic apparatus including 
the same is designed to interconnect a pump of contact heat 
eXchanger type and a radiator by means of a pipe and a 
pivotal member permitting the Second housing to rotate 
relative to the first housing. The electronic apparatus is a 
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foldable apparatus Such as a notebook computer. The pump 
of contact heat eXchanger type is constructed the same way 
as in the first embodiment. FIG. 7 is a diagram showing a 
general construction of the electronic apparatus incorporat 
ing the cooling device according to the Second embodiment 
of the invention. FIG. 8 is a sectional view showing the 
pivotal member according to the Second embodiment of the 
invention. FIG. 9 is a sectional view showing the pivotal 
member of the second embodiment of the invention inte 
grated with a removable Snap-in type connector. 
0105 Referring to FIG. 7, the reference numeral 1 rep 
resents the first housing, the numeral 2 representing the key 
board; the numeral 3 representing the heat generating elec 
tronic component; the numeral 4 representing the Substrate; 
the numeral 5 representing the Second housing; the numeral 
6 representing the display unit; the numeral 7 representing 
the pump of contact heat eXchanger type; the numeral 8 
representing the radiator; the numeral 8a representing the 
coolant passage; the numeral 8b representing the reserve 
tank, a numeral 9a representing a pipe from the pump of 
contact heat eXchanger type; a numeral 9b representing a 
pipe from the radiator 8. A reference numeral 30 represents 
the pivotal member disposed in a connection portion 
between the first housing 1 and the Second housing 5 and 
adapted to pivot in conjunction with the rotation of the 
second housing 5. The pivotal member 30 is connected with 
the pipe 9a from the pump of contact heat eXchanger type 7 
and with the pipe 9b from the radiator 8, respectively. 
0106) Next, the pivotal member 30 is described. Refer 
ring to FIG. 8, a reference numeral 31 represents a hollow 
outer cylinder having one end thereof connected with the 
pipe and the other end thereof connected with an inner 
cylinder 32 to be described herein later; a numeral 31a 
representing a notch for Slip-off prevention; a numeral 32 
representing the hollow inner cylinder inserted in the outer 
cylinder 31 to be connected therewith; a numeral 32b 
representing a projection inserted in the notch 31.a for 
Slip-off prevention. The hollow portion defines a passage for 
the coolant X. A reference numeral 32a represents a groove 
formed in an outer periphery of the inner cylinder 32 
whereas a numeral 33 represents an O-ring shaped resilient 
member interposed between the outer cylinder 31 and the 
inner cylinder 32 and fitted in the groove 32a. The O-ring 
like resilient member 33 pivotally supports the outer cylin 
der 31 and the inner cylinder 32 and provides seal between 
the passages of the outer cylinder 31 and inner cylinder 32 
and the outside portion thereby preventing the coolant X 
through the passages from leaking out. The O-ring like 
resilient members 33 are disposed in two rows thereby 
providing a long term prevention of the evaporation of the 
coolant X in the cooling device which will lead to the 
invasion of a large quantity of gas into the cooling device. 
For the purpose of preventing the Slip-off of the outer 
cylinder 31 from the inner cylinder 32, the projection 32b is 
provided on the inner cylinder 32 whereas the notch 31a is 
formed at the outer cylinder 31. 
0107 Referring to FIG. 9, a reference numeral 31b 
represents a valve disposed in the outer cylinder 31 of the 
pivotal member 30, a numeral 31C representing a Spring for 
biasing the valve 31b, a numeral 32c representing a valve 
disposed in the inner cylinder 32, a numeral 32d represent 
ing a Spring for biasing the valve 32c. In a State where the 
outer cylinder 31 and the inner cylinder 32 are separated 
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from each other, the valves 31b, 32b Seal the respective 
internal passages of the cylinders. When the outer cylinder 
31 and the inner cylinder 32 are connected with each other, 
the respective internal passages thereof are communicated 
with each other. 

0108 Since the construction and operations of the pump 
of contact heat eXchanger type 7 are the Same as in the first 
embodiment, the description thereof is omitted. 
0109) Next, description is made on the cooling device 
according to the Second embodiment and the electronic 
apparatus including the Same. The coolant X Sucked by the 
pump of contact heat eXchanger type 7 is agitated by the 
ring-like impeller 11 in the pump 7 and Subjected to a violent 
turbulent heat eXchange with the pump housing 15 and 
housing cover 16 which are raised in temperature by the heat 
transferred from the heat generating electronic component 3. 
AS a result, the coolant is raised in temperature. The heated 
coolant X is transported to the radiator 8 via the pipe 9 and 
the passages through the pivotal member 30, and cooled by 
the radiator 8. After lowered in temperature, the coolant X 
is returned to the pump 7 via the pipe 9 and the passages 
through the pivotal member 30, repeating these movements 
in cycles. In this manner, the temperature of the heat 
generating electronic component 3 is maintained in an 
allowable range by cooling the heat generating component 3 
through circulation of the coolant X. 
0110. When the user opens or closes the second housing 
5 of the electronic apparatus Such as a notebook computer, 
the Second housing 5 rotates about a hinge of the first 
housing 1 as shown in FIG. 7. The rotation causes the outer 
cylinder 31 and inner cylinder 32 of the pivotal member 30 
to pivot relative to each other, So that the Second housing 
smoothly rotates. In addition, the pipe 9a from the pump 7 
in the first housing 1 and the pipe 9b from the radiator 8 in 
the Second housing 5 are connected by means of the pivotal 
member 30 so that the pipes are less susceptible to defor 
mation. Accordingly, the pipes are prevented from obstruct 
ing the coolant flow therethrough. 
0111. In a case where the pivotal member is integrated 
with the connector as shown in FIG. 9, a pump side section 
and a radiator Side Section can be separately assembled. The 
Sections may be individually incorporated in the first hous 
ing 1 and the Second housing 5 to form Sub-assemblies for 
the first housing 1 and Second housing 5. Subsequently, the 
first and Second housingS 1, 5 may be connected with each 
other. This results in reduced fabrication costs. 

0112 According to the second embodiment as described 
above, the pivotal member provided at the pipe between the 
first and Second housingS 1, 5 provides the Smooth rotation 
of the Second housing 5 and also prevents the deformation 
of the pipe which will lead to the obstruction to the coolant 
flow through the pipe. The removable Snap-in type connec 
tor provided at the pipe interconnecting the pump of contact 
heat eXchanger type and the radiator permits the pump side 
Section and the radiator Side Section to be separately 
assembled, resulting in the reduced fabrication costs. In 
addition, the unification of the pivotal member and the 
connector contributes to the further reduction of Size and 
cost of the main body Such as a notebook computer. 
0113. According to the cooling device of the embodiment 
described above, the pump of contact heat eXchanger type 
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also serves as the cooling device, thereby negating the need 
for the Separate provisions of the pump and the cooling 
device and for the pipe interconnecting the pump and the 
cooling device. This results in the reduction of Size and cost 
of the cooling device as well as in an easy assembly work. 
0114 Since the pump of contact heat exchanger type is a 
Vortex pump, the impeller has a Small thickness. On the 
other hand, a side Surface extending along a pump flow 
defines the heat absorbing Surface Such that the heat trans 
ferred externally from the heat generating component may 
be Subjected to the turbulent heat eXchange by means of the 
fluid flow at the outer periphery of the impeller and hence, 
the component is effectively cooled. Thus, the cooling 
device can accomplish both the increase of cooling effi 
ciency and the reduction of size and costs. 
0115 The pump of contact heat exchanger type is a 
Vortex pump which includes the ring-like impeller with the 
rotor magnet disposed in its inside circumference, and the 
pump housing including the cylinder portion interposed 
between the motor Stator and the rotor magnet, the cylinder 
portion rotatably Supporting the impeller. Hence, the motor 
portion of the pump is free from a projection toward the heat 
absorbing Surface, So that the pump can be formed as an ultra 
thin type. Furthermore, the transferred heat is Subjected to 
the Violent turbulent heat eXchange with the coolant at the 
outer periphery of the impeller. Thus, the cooling device can 
accomplish both the increase of the cooling efficiency and 
the further reduction of thickness and costs thereof. 

0.116) Since the heat absorbing surface is defined by the 
overall Side Surface of the pump housing, the heat absorbing 
Surface can advantageously occupy the maximum available 
area of the pump housing. The flat heat absorbing Surface 
permits the mounting of the pump on a Substrate with a flat 
top Surface. The motor Stator may be molded of a molding 
material thereby promoting the heat transfer and making the 
motor Stator watertight. 
0117 The electronic apparatus is constructed such that 
the Second housing is rotatably attached to the first housing 
and is provided with the cooling device for cooling the heat 
generating electronic component including the CPU. Thus, 
the electronic apparatus including the first housing with the 
key board and the Second housing with the display unit is 
adapted to for cooling, So that the main body of the elec 
tronic apparatus can be further downsized. 
0118. The pump of contact heat exchanger type is 
mounted on the top Surface of the central processing unit 
with its heat absorbing Surface contacting the top Surface 
whereas the radiator is disposed on the back Side of the 
display unit in the Second housing. Thus, a further down 
sizing of the main body of the electronic apparatus is 
achieved by the arrangement wherein the first housing 
contains therein the pump of contact heat eXchanger type 
and the Second housing contains therein the radiator. 
0119) Next, a mounting structure of the heat generating 
electronic component 3 and pump of contact heat eXchanger 
type 7 will be described with reference to FIGS. 13 to 37. In 
FIGS. 13 to 36, the arrow K represents the location of the 
key board 2, and the arrow B represents the location of the 
bottom of the first housing 1. 
0120 In a case where the heat generating component 3 is 
disposed on a key-board 2 side surface of a circuit board 200 
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as shown in FIG. 13, the circuit board 200, heat electronic 
generating component 3 and pump of contact heat eXchanger 
type 7 are Stacked on top of each other in the named order 
from a bottom of the first housing 1 toward the keyboard 2. 
An embodiment of FIG. 13 illustrates a case where the heat 
generating component 3 and the pump 7 have Substantially 
equal physical sizes. Therefore, the heat generating compo 
nent 3 does not protrude from the pump 7 or vice versa. Such 
an arrangement ensures that the heat generating component 
3 positively transferS the heat produced by the heat gener 
ating component 3 to the pump of contact heat eXchanger 
type 7. Incidentally, the pump 7 and the heat generating 
component 3 are Secured to each other by means of a fixing 
jig or adhesive normally used. 

0121) A different embodiment from that of FIG. 13 is 
shown in FIG. 14, wherein an adhesion member 201, Such 
as Silicone grease, having fluidity and a good heat conduc 
tivity is applied between the heat generating component 3 
and the pump 7, thereby further increasing a heat dissipating 
effect. If the pump 7 is directly placed on the heat generating 
component 3 as shown in FIG. 13, there is formed a minor 
air layer therebetween, which entails a problem Such as 
interference of the heat transfer from the heat generating 
component 3 to the pump 7. However, as shown in FIG. 14, 
the provision of the adhesion member 201 prevents the 
formation of a low heat-conduction portion, Such as the air 
layer, between the heat generating component 3 and the 
pump 7. 

0122) Another different embodiment from that of FIG. 
13 is shown in FIG. 15, wherein a conductive member 202 
of a high heat conductivity is interposed between the heat 
generating component 3 and the pump 7, for Smoothly 
transferring the heat produced by the heat generating com 
ponent 3 to the overall area of the heat absorbing surface of 
the pump 7. This results in an increased cooling capability. 
In a case where the heat generating component 3 is a 
Semiconductor device Such as an IC, in particular, the 
Semiconductor device is raised in temperature particularly at 
its center. The conductive member 202 expedites the transfer 
of a large quantity of heat produced at the center of the 
semiconductor device to the overall area of the heat absorb 
ing Surface of the pump 7. Specific examples of the con 
ductive member 202 include a plate member and a sheet 
member Such as formed of copper or copper alloy, and a thin 
film of copper or copper alloy which is formed on the heat 
absorbing Surface of the pump 7 by Sputtering, vapor depo 
Sition, plating or the like. Examples of the material for the 
conductive member include copper, copper alloy and other 
materials having good heat conductivities. Alternatively, a 
heat pipe or the like may be used as the conductive member 
2O2. 

0123. Furthermore, the conductive member 202 serves to 
transfer the heat at least to place or its vicinity corresponding 
to an area of the pump 7, Such as the pump chamber 15b, 
where the coolant flows, thereby dramatically increasing the 
cooling efficiency. 

0.124. Yet another different embodiment from that shown 
in FIG. 13 is shown in FIG. 16, wherein an adhesion 
member 203 (the same material as that of the adhesion 
member 201), the conductive member 202 and the adhesion 
member 201, in the named order from the heat generating 
component 3, are disposed between the heat generating 
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component 3 and the pump of contact heat eXchanger type 
7. Such an arrangement can achieve an extremely high 
cooling efficiency because the conductive member 202 
efficiently propagates the heat from the heat generating 
component 3 while the adhesion members 203, 201 between 
the respective pairs of the conductive member 202 and heat 
generating component 3 and of the conductive member 203 
and pump 7 prevent the formation of the low heat-conduc 
tion portion Such as the air layer. It is noted that a high 
cooling capability can be achieved if either one of the 
adhesion members 201, 203 is omitted. 
0125 FIGS. 17 to 20 show respective modifications of 
the embodiments of FIGS. 13 to 16. The embodiments of 
FIGS. 17 to 20 differ from those of FIGS. 13 to 16 in that 
the pump of contact heat eXchanger type 7 protrudes from an 
outer edge of the heat generating component 3. According to 
the embodiments of FIGS. 17 to 20, the pump 7 can 
assuredly cover the Substantially entire contact Surface of the 
heat generating component 3 if the pump is more or leSS 
shifted from the mounting position. This negates the need 
for Setting high mounting precisions for the pump 7 and 
hence, a decreased mounting time and an increased produc 
tivity result. 
0.126 FIGS. 21 to 24 show respective modifications of 
the embodiments of FIGS. 13 to 16. The embodiments of 
FIGS. 21 to 24 differ from those of FIGS. 13 to 16 in that 
the electronic component 3 protrudes from an outer edge of 
the pump 7. These embodiments permit the pump 7 to be 
Selectively mounted to a particular place of the heat gener 
ating component 3 that produces a particularly large quantity 
of heat. The embodiments have another advantage that the 
pump 7 can assuredly bring the Substantially entire heat 
absorbing Surface thereof into contact with the heat gener 
ating component 3 if the pump is more or leSS shifted from 
the mounting position. This negates the need for Setting high 
mounting precisions for the pump 7 and hence, a decreased 
mounting time and an increased productivity result. 
0127 FIGS. 25 to 36 show respective modifications of 
the embodiments of FIGS. 13 to 24 and differ therefrom in 
that at least the heat generating component 3 and the pump 
7 are disposed on a side of the circuit board 200 opposite 
from the key board 2. Since the embodiments of FIGS. 25 
to 36 have the same constructions and effects as the embodi 
ments of FIGS. 13 to 24 except for the mounting surface of 
the circuit board 200 and hence, the description thereof is 
omitted. 

0128 FIG. 37 shows another embodiment. Although the 
embodiments of FIGS. 13 to 36 have the arrangement 
wherein the pump 7 is adapted to cool only one electronic 
component, the pump may be designed to cool a plurality of 
electronic components as shown in FIG. 37. In this case, the 
key board 2 may be located on either Side. 
0129. As shown in FIG. 1, the coolant passage is 
extended in an area other than a Space between the pump 7 
and the heat generating component 3, thereby negating the 
need for providing a wide Space between the pump 7 and the 
heat generating component 3. This permits the Slim design 
of the apparatus. Where the coolant passage is extended 
between the pump 7 and the heat generating component 3, 
the reduction of flow resistance dictates the need for the 
wide Space between the pump 7 and the heat generating 
component 3 and hence, the realization of the Slim design is 
impracticable. 
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Third Embodiment 

0130. The internal configuration of a centrifugal pump 
300 of the third exemplary embodiment is now described 
with reference to FIGS. 38 through 42B. An open-type 
impeller 301 of the centrifugal pump has a through-hole 
301 a formed therein and open vanes 302. A magnet rotor 
303 is provided along an outer periphery of the impeller 301. 
A stator 304 is provided inside of the magnet rotor 303. A 
housing 305 of the pump accommodates the impeller 301, 
and restores a pressure of kinetic energy given by the 
impeller 301 to fluid, thus guiding the fluid to an outlet port 
linked to an outlet passage 310. The housing 305 has a 
heat-generating electronic component 400 attached thereto, 
Such as an IC, an LSI, or an MPU. 

0131) A pump chamber 305a restores a pressure of 
kinetic energy given by the Vanes 302, thus guiding the fluid 
to the outlet port. A heat-absorbing surface 305b is provided 
on a side face of the housing 305 along the pump chamber 
305a. The heat-absorbing surface deprives the heat-gener 
ating electronic component 400 of heat through direct or 
indirect contact. The pump chamber 305a has a inner surface 
305c. The housing 305 accommodates the impeller 301, and 
a housing cover 306 seals the pump chamber 305a. A fixed 
shaft 307 provided in the housing 305 rotatably supports the 
impeller 301. A bearing 308 is provided at the center of the 
impeller 301 installed over the fixed shaft 307. The bearing 
308, when embodied as a fluid bearing, has dynamic pres 
sure generating grooves 308a (see, FIG. 40). The pump 300 
includes a water inlet 309a through which coolant is put in 
the pump chamber 305a, and an inlet passage 309 for 
introducing the coolant to the inlet port 305a. Plural recesses 
311 are formed on the inner surface 305c of the pump 
chamber. Elastic strip-like brushes 312 scrape a boundary 
area of laminar flow on the inner surface 305c of the pump 
chamber. Similarly, elastic strip-like blades 313 scrape a 
boundary area of laminar flow on the inner surface 305c of 
the pump chamber. 

0132) The housing cover 306 and the housing 305 form 
a pump housing of the centrifugal pump 300. The housing 
305 is made of highly heat-conductive and heat-dissipating 
material, i.e., at least one of copper, copper alloys, alumi 
num, aluminum alloys. The housing cover 306 may be made 
of the same material. Alternatively, the housing 305 may 
have a hybrid Structure in which its central portion is made 
of copper or copper alloys, and the other portion is made of 
other materials, Such as aluminum of aluminum alloys. The 
centrifugal pump of the third embodiment has a thickness of 
8 to 12 mm in a direction of a rotary axis, a characteristic 
radial length of 25 to 60 mm, a speed of rotation of 2,000 to 
3,500 rpm, a flow rate of 0.1 to 0.5 L/min, and a head of 0.2 
to 0.8 m. The pump is specified as a thickness of 5 to 20 mm 
in thickness, a characteristic radial length of 10 to 70 mm in, 
a flow rate of 0.05 to 1 L/min, a head of 0.1 to 2 m. Thus the 
pump has a specific rate of 40 to 100 (m, m/min., rpm) and 
is much Smaller than a conventional pump. 
0133). In the centrifugal pump 300, the impeller 301 and 
vanes 302 face a heat-generating electronic component 400. 
The heat-absorbing surface 305b has a shape corresponding 
to a shape of the top Surface of the heat-generating electronic 
component 400. This construction allows the pump chamber 
305a to directly receive heat via the heat-absorbing surface 
305b. The stator 304 is mounted by press-fitting to the 
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housing cover 306. The inner surface of the magnet rotor 
faces the outer peripheral portion of the stator 304. 

0134) The housing cover 306 is disposed between the 
stator 304 and the magnet rotor 303 as a separator for 
separating the stator and the rotor. Thus, the stator 304 is 
completely Separated from a flow of coolant in the pump 
chamber 305a. According to the third embodiment, the 
impeller 301 and the magnet rotor 303 are unitarily formed 
by magnetizing a cylinder portion of the impeller forming 
the magnet rotor 303, however, the impeller may be sepa 
rated from the magnet rotor. The rotating magnetic field 
generated by the stator 304 rotates the magnet rotor 303, 
thereby rotating the impeller 301. The rotation of the impel 
ler 301 generates a negative pressure near the center of the 
impeller 301. The negative pressure causes the coolant to be 
Sucked through the inlet passage 309 communicating with 
the impeller. The impeller 301 gives a kinetic momentum to 
the coolant for discharging it to the outside. The coolant is 
discharged into a coolant circuit provided at the outside of 
the pump 300 through the outlet port (not shown) provided 
in the outer peripheral portion of the impeller 301 through 
the outlet passage 310. 

0.135 A bearing 308 made of low-frictional and wear 
resistant ceramicS is preSS-fitted to the center of the impeller 
301. In the bearing 308, a fixed shaft 307 made of ceramics 
has one end fixed to the housing 305 and the other end fixed 
to the housing cover 306. As shown in FIG. 38, a portion of 
the peripheral Surface of the bearing 308 is cut to provide a 
gap between the Shaft and a hole in which the bearing of the 
impeller 301 is press-fitted. The gap serves as the through 
hole 301 a displaced from the center of the shaft, and links 
one side of the impeller 301 at which vanes 302 are provided 
to another side of the impeller oppose to the one side. The 
through-hole 301 a causes a portion of the coolant subjected 
to the centrifugal force given by the impeller 301 to enter 
into the back side of the impeller 301. The coolant at the 
back side of the impeller flows into the inlet 309a in the 
impeller under negative preSSure through the through-hole 
301a. In other words, a portion of the coolant is circulated 
in the centrifugal pump 300. The circulated coolant is mixed 
at the inlet 309a and is interchanged. 
0.136 The centrifugal force caused by the impeller 301 
provides a negative pressure in the vicinity of the center of 
the impeller 301, and thus, cavitation is likely to occur there 
in which a bubble is generated. However, the centrifugal 
pump 300 of the third embodiment has a specific rate of 
approximately 40 to 100 (m, m/min., rpm), thus hardly 
generating a bubble. Even if being generated, the bubble is 
discharged Since the coolant is mixed by the circulation. The 
bubble does not stay near the center of the impeller 301 since 
circulating coolant is interchanged between another Side of 
the impeller 301 and a side to the inlet 309a. Even when air 
is mixed in the cooling device and is Sucked into the 
centrifugal pump 300, the circulating coolant prevents air 
near the center of the impeller 301 and discharges the 
bubbles gradually. As a result, in the pump of the third 
embodiment, the cavitation causes little noise, and no air 
layers are formed. Moreover, because of the formation of 
turbulent flow, the coolant transferS a large amount of heat. 

0137 It is noted that instead of the bearing 308, a fluid 
bearing as shown in FIG. 40 may be used. The fluid bearing 
may have dynamic-pressure-generating grooves 308a 
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formed spirally thereon for promoting the circulation, and 
the grooves improve the performance of discharging a 
bubble. The dynamic-pressure-generating grooves 308a 
may have a herringbone or other shapes. The impeller may 
have grooves formed on the back face thereof for adjusting 
the circulation quantity and the pressure from the back face. 
These grooves create a thrust in the axial direction of the 
impeller 301. 
0.138. Additionally, as shown in FIG. 41, plural recesses 
311 are formed in at least a portion of the pump chamber 
inner wall 305c on the back face of the heat-absorbing 
surface 305b where impeller 301 slide. The recesses separate 
the boundary layer of flow where the coolant moved by the 
rotation of the impeller 301 forms along the pump chamber 
inner wall 305c, thus making the coolant turbulent. This 
turbulent flow increases the amount of heat transferred from 
the heat-absorbing surface 305b to the coolant. Similarly, the 
pump chamber inner wall 305c may have asperities or 
roughing at its Surface formed by Shot peening, Sand blast 
ing, or other method can improve heat-absorbing efficiency 
according to a similar principle. Further, as shown in FIG. 
42, brushes 312 or thin plate-like blades 313 attached not 
only to vanes 302 but also to the impeller in sliding contact 
with the pump chamber inner wall 305c break the boundary 
layer of flow with a rotating force of the impeller 301, thus 
improving the heat-absorbing efficiency. Although not 
shown, Spiral grooves formed on the pump chamber inner 
wall 305c makes the coolant form turbulent flow and 
increases the amount of heat transferred. 

0.139. In cases that a heat transfer factor from the housing 
to the coolant is Sufficiently large in comparison with heat 
generated, and that a large amount of heat can be transferred, 
the heat does not have to be spread along the pump chamber 
305a. In such cases, the thickness of the heat-absorbing 
surface 305b of the housing 305 may be reduced for improve 
the heat-absorbing efficiency, and thus the pump can be 
thinner. For this purpose, the inlet passage 309 preferably 
has a Section shaped like an ellipse having a minor axis in 
the direction of the thickness of the housing, as shown in 
FIG. 43. In order to increase a heat transferring area and to 
not prevent the impeller 301 from rotating, the pump cham 
ber inner wall 305c may be provided with protrusions, such 
as protruding Small columns and ribs, in at least a portion of 
the wall 305c where the side faces of the impeller 301 slide. 
The protrusions increase the heat transferring area, and 
allows the coolant to form more turbulent flow, thus increas 
ing the amount of absorbed heat. The protrusions formed 
near the center of a heat-generating electronic component 
400 increase the heat-absorbing efficiency. If the center of 
the heat-generating electronic component is disposed at the 
center of the shaft of the impeller 301, the protrusions may 
be provided near the center of the shaft of the impeller 301. 
0140. According to the third embodiment, coolant having 
a relatively low temperature that has been cooled in the 
coolant circuit at the outside of the pump 300 is supplied 
Substantially to the central portion of the centrifugal pump 
300 through the inlet passage 309. This arrangement pro 
vides the pump chamber 305a with a large area of the 
heat-absorbing surface 305b. Further, since the coolant is 
supplied to the pump chamber 305a as described above, the 
heat absorbed through the large area of the heat-absorbing 
surface 305b is transferred to the coolant. Thus, the resulting 
cooling efficiency is extremely high. 
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0141 Further, the inlet passage 309 communicates Sub 
stantially to the central portion of the centrifugal pump 300. 
The cooled coolant is first Supplied substantially to the 
central portion of the centrifugal pump 300. Therefore, the 
centrifugal pump 300, upon being mounted on a heat 
generating electronic component 400, the central portion of 
the centrifugal pump 300 to which the coolant is supplied is 
opposed Substantially to the central portion of the heat 
generating electronic component 400 having a temperature 
relatively higher than other portions. This arrangement 
improves the efficiency of cooling the heat-generating elec 
tronic component 400. 
0142. As described above, according to the third embodi 
ment, the inlet passage 309 is provided between the pump 
chamber 305a and the heat-absorbing surface 305b. This 
construction allows the coolant to absorb the heat received 
by the heat-absorbing surface 305 even when the coolant 
flows through the inlet passage 309, thus further improving 
the cooling efficiency. 
0.143 AS described above, the centrifugal pump 300 of a 
cooling device of the third embodiment includes a housing 
305 made of highly-heat-conductive material, and an open 
type impeller 301 having open vanes 302 formed thereon. 
Respective shapes of a heat-absorbing surface 305b and the 
top Surface of a heat-generating electronic component 400 
are three-dimensionally complementary to each other. Dis 
posed between the heat-absorbing surface 305b and a pump 
chamber inner wall 305c (thick portion of the housing 305) 
is an inlet passage 309 having a Section of an ellipse having 
a minor axis in the direction of the thickness. This configu 
ration reduces the thickness of the housing near the passage, 
thus decreasing the temperature at the heat-absorbing Sur 
face 305b near the inlet passage 309. The inlet passage 309 
does not protrude towards the heat-generating electronic 
component 400, and thus the shape of the heat-absorbing 
surface 305b is not influenced by the shape of the centrifugal 
pump 300. Intimate contact between the heat-absorbing 
surface 305b and the top surface of the heat-generating 
electronic component 400 enables the heat-absorbing Sur 
face 305b to effectively absorb heat. 

Fourth Embodiment 

0144. A centrifugal pump according to a fourth exem 
plary embodiment is characterized in that a water inlet 
thereof is disposed on a back face of an impeller. Elements 
similar to those in the third embodiment are denoted by the 
Same reference numerals, and the detailed descriptions of 
these elements are omitted. 

0145 With reference to FIG. 44, a water inlet 309b in 
communication with an inlet passage 309 is provided near 
the center of an impeller 301 for providing communication 
between the back face and the side of a pump chamber 305a. 
The water inlet 309b consists of three through-holes located 
at the same radial from the center of the impeller by an equal 
interval, as shown in FIG. 45. The inlet passage 309 is 
provided at the center of a stator 304 in the housing cover 
306 and in communication with water inlet 309b. A fixed 
shaft 307 and a bearing 308 are provided in a manner of the 
third embodiment. 

0146 The water inlet 309b of this embodiment consists 
of the three through-holes having circular cross-sections 
disposed at regular intervals. However, the number of the 



US 2005/01 17298 A1 

holes is not limited to three, and each of the holes may have 
a circular or Square cross-section or can be shaped like a Slot 
having an arc cross-section. The number of the through 
holes is preferably thirty or leSS in consideration of produc 
tion of the impeller. Too many through-holes or large slots 
weakens the impeller itself. For this reason, the number of 
the through-holes are preferable thirty or less. The holes, 
upon having slot shapes, is preferably placed around the 
shaft at an angle of 180 or less. 
0147 Since the inlet passage 309 is placed on the side 
opposite to a heat-absorbing surface 305b, the thickness of 
a pump housing 305 at the side of the heat-absorbing surface 
305b can be reduced. Thus, the heat transfer factor from the 
housing 305 to the coolant is Sufficiently large in comparison 
with an amount of the heat generated. If a large amount of 
heat can be transferred, the heat is not necessarily transferred 
along the pump chamber 305a, and thus, the heat-absorbing 
efficiency can be increased. Additionally, the water inlet 
309b provided near the center of the impeller 301 allows the 
coolant to be sucked from the back face of the impeller 301. 
0148. As shown in FIGS. 46A and 46B, the pump may 
include no fixed shaft and Suck coolant from the back face 
of an impeller 301. In FIG. 46A, a cylinder portion 306b is 
provided at the center of a housing cover 306a, and an inlet 
passage 309 is provided in this portion. A short rotating shaft 
307a is provided at the center of the impeller 301. A bearing 
308b is provided in the cylinder portion 306b. The short 
rotating shaft 307b is inserted into the bearing for supporting 
the shaft. An inlet 309c consists of a through-hole formed 
around the center of the shaft of the impeller 301. Protru 
Sions 314, Such as columns and ribs, are provided on the 
center of a pump chamber inner wall 305c opposed to the 
inlet 309c (see FIG. 47). 
0149 According to the fourth embodiment, the protru 
sions 314 are shaped like columns. However, the shapes of 
the protrusions are not limited to the column, and may be 
shaped in a prism, cone, pyramid, truncated cone or pyra 
mid, hemisphere, and semi-ellipse. In FIG. 46B, protrusions 
301c are provided on the inlet side of vanes 302 or between 
the vanes 302. 

0150. As described above, the inlet 309c provides com 
munication between an inlet passage 309 on the back face 
and a pump chamber 305a. This arrangement allows the 
coolant to be sucked from the back face of the impeller 301. 
In addition to the Suction of the coolant from the side 
opposite to a heat-generating electronic component 400, a 
jet effect of directly jetting the coolant onto a pump chamber 
inner wall 305c provides high-efficient heat absorption. 
0151. Additionally, the protrusions 314 provided on the 
pump chamber inner wall 305c increase the heat-absorbing 
area, thus drastically increasing the amount of absorbed 
heat. The protrusions 314 can generate turbulent flow at the 
pump chamber inner wall 305c, thus further increasing the 
heat-absorbing efficiency. Since the vanes 302 do not exist 
in the central portion of the impeller 301, the protrusions 314 
can be provided easily in this portion. The center of a 
heat-generating electronic component 400 is often placed at 
the center of the impeller 301 in consideration of balance. 
For this reason, the protrusions 314 provided in this portion 
locally improve the heat-absorbing efficiency. In other 
words, a portion of the heat-generating electronic compo 
nent 400 near the center of the impeller 301 for sucking the 
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coolant has the highest temperature, and a difference 
between respective temperatures of the component and the 
coolant is largest, and thus, the amount of heat transfer can 
be increased. Additionally, the protrusions 314 provided in 
this portion increases the heat transfer area and reduces the 
heat resistance, thus transferring the heat. Further, the jet 
effect of the coolant improves the heat-absorbing efficiency. 
The protrusions 314 allow the coolant to generate turbulent 
flow, thereby further improving the heat-absorbing effi 
ciency. Instead of the protrusions 314, grooves formed in the 
Same portion provides the Similar effects. 

0152. Further, as shown in FIG. 46B, the protrusions 314 
are preferably provided at the inlet side of the vanes 302 in 
the pump chamber 305a, and the protrusions 301c may 
preferably be provided on the impeller 301 in positions that 
allows radial engagement of the protrusions 314 and 301c. 
It is desirable to dispose the protrusions 301c spirally. In 
order to avoid actual contact between the protrusions 314 
and 301c, the protrusions 314 must be radially displaced 
from the protrusions 301c so that they are opposed but are 
not placed on the same concentric circles. An agitation 
action caused by the protrusions 301c on the impeller 301 
and the protrusions 314 generates the turbulent flow of the 
coolant on the inlet side of the vanes 302. Further, the heat 
dissipation area increased by the protrusions 314 remarkably 
improves the heat-absorption efficiency. According to 
experiments, a heat transfer coefficient obtained at a speed of 
rotation of 3,000 rpm is approx. 6,000 W/m K, at which the 
largest amount of heat can be dissipated from the heat 
absorbing surface 305b to the coolant. 
0153. If an area where the heat-generating electronic 
component 400 contacts the pump housing is Smaller than 
the area where the vanes 302 rotate and the received heat 
must be spread throughout the Side face along the pump 
chamber 305a, a pump chamber inner wall 305c having a 
raised central portion shown FIG. 48 contributes to 
improvement in the heat-absorbing efficiency more than a 
thin housing. In FIG. 48, as for a pump chamber inner wall 
305d, the thickness of the housing 305 radially decreases 
from the center of the shaft of an impeller 301. Heat flux is 
likely to flow in portions having a Smaller heat resistance. 
For example, Such portions have a large Sectional area 
through which the heat flux passes, or larger heat conduc 
tivity. Therefore, on the pump chamber inner wall 305d 
having a radially decreasing thickness, heat can be spread to 
the side face along the pump chamber 305a. 

0154) In each pump shown in FIGS. 46A and 46B, the 
grooves of herringbone or other shapes formed on the inner 
and Outer peripheral Surfaces of the magnet rotor 303, and 
the surface of the impeller 301, allow the dynamic pressure 
of the fluid to hold the impeller 301. Further, the impeller 
301 is rotatably supported between the bearing 308b of the 
cylinder portion 306b in the housing cover 306a and the 
short rotating shaft 307a provided at the center of the 
impeller 301. Therefore, such simple construction can 
ensure smooth and stable rotation of the impeller 301 and 
promote heat transfer. 

Fifth Embodiment 

0.155. A centrifugal pump of a fifth exemplary embodi 
ment includes a disk-like impeller 301, and the impeller 301 
is magnetized. Specifically, with reference to FIG. 49, the 
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back face of the impeller 301 is magnetized to provide a 
magnet 301b. The magnet 301b may be independent of the 
impeller 301 and formed by attaching a plate-like magnet to 
the impeller. Further, similarly to the third and fourth 
embodiments, in order to improve heat-absorbing efficiency, 
recesses and columns are formed at a pump chamber wall 
305c. Additionally, brushes and blades can be provided on 
the impeller 301, or the thickness of the central portion of the 
housing can be increased. 
0156 AS described above, the centrifugal pump 300 of 
the fifth embodiment is thin in the axial direction. Thus, the 
centrifugal pump can be mounted in Small portable elec 
tronic equipment, Such as a notebook computer, So as to 
allow a heat-generating electronic component 400 to be 
effectively cooled. 
O157 According to the third through fifth embodiments, 
the centrifugal pump 300 is preferably used. However, an 
axial flow type impeller can be used. AS long as the above 
effects can be obtained, an impeller of another shape can be 
used. 

0158. The pumps according to the third through fifth 
embodiments are installed as shown in FIGS. 13 through 
37. In other words, the pumps shown in FIGS. 13 through 
37 can be replaced with those shown in the third through 
fifth embodiments. 

0159. According to the third through fifth embodiments, 
the area of the bearing portion, for example, a bearing 
portion 500 of FIG. 38, i.e. the center of rotation of the 
impeller 301 is preferably no more than 100 mm . If the area 
of the bearing portion 500 exceeds 100 mm, the pump 
chamber 305a is not placed in the central portion of the 
centrifugal pump 300, at which absorption of the heat is 
most desirable. This deteriorates cooling efficiency. Further, 
the pump does not need to include the bearing portion 500 
most preferably. However, if the pump needs the bearing 
portion 500, the area of the bearing portion 500 is preferably 
at least 0.5 mm because of the strength thereof. In this case, 
the pump chamber 305a exists around the bearing portion 
500. 

Sixth Embodiment 

0160 FIG. 50 is a perspective view of an electronic 
apparatus including a cooling device according to a sixth 
embodiment of the present invention. FIG. 51 is a cross 
Sectional view of a centrifugal pump of the cooling device 
of the embodiment. FIG. 52A is a front view of a lower case 
of the centrifugal pump. FIG. 52B is a cross sectional view 
of the lower case shown in FIG. 52A. FIG. 52C is a side 
view of the lower case shown in FIG. 52A. 

0.161. A notebook computer, the electronic apparatus, 
includes a case 501, a keyboard 502, a heat-generating 
electronic component 503, such as a CPU, which is a chip 
component having a flat upper Side, a cooling device 508, 
and a display 509. The cooling device 508 includes a 
centrifugal pump 503 of contact-heat-exchanging type for 
eXchanging heat while contacting the heat-generating elec 
tronic component 504, a radiator 506 mounted beyond the 
display 509 for radiating the heat received through coolant 
from the heat-generating electronic component 502, and a 
circulating passage 507 for circulating the coolant between 
the centrifugal pump 503 and the radiator 506. The coolant 
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may be propylene glycol water Solution and preferably 
doped with anti-corrosion agent Since material of cases 
contains copper as will be described later. 
0162 The radiator 506 is made of thin sheet of highly 
radiative, thermally-conductive material, Such as copper or 
aluminum, and includes a reservoir tank and a passage 
provided therein for the coolant. The cooling device 508 
may include a fan for forcibly air-cooling the radiator 506. 
The circulating passage 507 is made of flexible, leSS gas 
permeable rubber tube, such as butyl rubber tube, for being 
arranged flexibly. 

0163 Internal arrangement of the centrifugal pump 503 
will be described, referring to FIG. 51. The centrifugal 
pump 503 includes an open-type impeller 511 having vanes 
512 thereon and a magnet rotor 513 provided at an inner 
surface along the circumference of the impeller 511. The 
impeller 511 may be separated from the magnet rotor 513, 
and arranged integral with the magnet rotor 513 to have a 
portion of the impeller 511 magnetized. The centrifugal 
pump according to the Sixth embodiment has an overall 
thickness ranging from 3 mm to 20 mm, a typical radial 
width raging from 10 mm to 70 mm, a number of revolutions 
ranging from 600 rpm to 4000 rpm, a flow ranging from 0.01 
L/min to 1.5 L/min, a pressure head of 0.1 m to 2 m, and a 
specific velocity of 12 to 200 (m, m/min, rpm). 
0164. A stator 514 is provided at an inner side of the 
magnetic rotor 513. The impeller 511 is accommodated in an 
upper case 515 which has an outlet port provided therein for 
discharging the coolant which has a pressure recovered and 
kinetically energized by the impeller 511. More particularly, 
the coolant kinetically energized, i.e., pressurized by the 
vanes 512 of the impeller 511 in a pump chamber 515a is 
discharged from the outlet port. The upper case 515 has a 
Step portion 515b thereof engaging and positioning the 
upper and Side Surfaces at a cylindrical portion 516a of the 
lower case 516 (See FIGS. 52A-52C). An annular fitting 
portion 515c is engaged to a side Surface of the cylindrical 
thick portion 516a and has its lower end contacting an upper 
surface of a flange 522. The upper case 515 has a sealing 
portion 515d thereof for covering a groove 519b provided in 
the lower case 516 from above to define an inlet passage 
519. The upper case 515 of the pump chamber 515a having 
the impeller 511 accommodated therein seals the lower case 
516. A lower Surface 516b of the lower case 516 opposite to 
the pump chamber 515a contacts the heat-generating elec 
tronic component 504. The impeller 511 is pivotably 
mounted to the upper case 515 with a stationary shaft 517. 
More specifically, the impeller 511 is fitted at the center by 
a bearing 518 to the stationary shaft 517. This arrangement 
allows the coolant introduced from an inlet port 519a to flow 
to the pump chamber 515a from the inlet passage 519 
extending in a radial direction of the impeller 511. An outlet 
passage for discharging the coolant from the pump chamber 
151a extends from the pump chamber 515a in parallel with 
the inlet passage 519 and in the radial direction of the 
impeller 511. According to the sixth embodiment, the outlet 
passage is provided in parallel with the inlet passage 519 for 
reducing the overall size of the cooling device and allowing 
the characteristics of the pump to remain not declined. The 
location and arrangement of the outlet passage is not limited 
to that of the sixth embodiment. The lower surface (contact 
surface) 516a of the lower case 516 preferably has a shape 
matching with a shape of the upper Surface of the heat 
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generating electronic component 4 So as to assure that the 
surfaces contact each other sufficiently. A CPU, the heat 
generating electronic component 4, often has a flat upper 
Surface which contacts the flat lower contact Surface 516a 
according to the Sixth embodiment. 
0.165 A control circuit board 520 drives the magnetic 
rotor 513 in relation to the stator 514 which both compose 
a DC brushless motor. The lower case 516 has a shaft 
supporter 521 thereof provided upright in the inlet port 519a 
and has a pit 521 a for accepting the stationary shaft 517. The 
flange portion 522 is provided at an annular shape along the 
circumference of the lower case 516 and has a uniform 
thickness. The upper case 515 and the lower case 516 may 
be joined and tightened to each other by tightening members 
523, such as screws. A sealing member 524 seals between 
the upper case 515 and the lower case 516. 
0166 FIGS. 52A to 52C illustrate details of the lower 
case 516. The pump chamber 515b is defined by the cylin 
drical thick portion 516a of the lower case 516 together with 
the flange 522 and the inner surfaces of the upper case 515. 
The lower case 516 has a diameter slightly greater than that 
of the impeller 511 and is fitted into the fitting portion 515c 
of the upper case 515. The groove 519b provided in the 
lower case 516 is covered with the sealing portion 515b of 
the upper case 515 to define the inlet passage 519. The 
tightening members 523 are inserted into holes 522a pro 
Vided in the flange 522 for tightening. The Sealing portion 
515d of the upper case 515 shuts a portion of the groove 
519b so as to serve as a partition between the pump chamber 
515a and the inlet passage 519. 
0167 According to the sixth embodiment, the upper 
surface 516c of the cylindrical thick portion 516a engages 
directly with the step portion 515b of the upper case 515 to 
determine a depth at which the lower case 516 is inserted 
and positioned. The positioning of the lower case 516 is not 
limited to this. The position of the lower case 516 may be 
determined by the flange 522 engaging directly the lower 
surface 515e of the fitting portion 515c of the upper case 515 
which does not have the step portion 515b. The lower case 
516 is made entirely of metallic material according to the 
Sixth embodiment, however may have partly a metallic 
portion located and sized to match the heat-generating 
electronic component 4 for optimum transfer of heat. 
0168 Amethod for assembling the centrifugal pump 503 
according to the sixth embodiment will be described. The 
stator 514 and the stationary shaft 517 are mounted to the 
upper case 515. The bearing 518 is mounted to the stationary 
shaft 517, and then, the impeller 511 having the magnet rotor 
513 mounted thereon is fitted into the bearing 518. The 
cylindrical thick portion 516a of the lower case 516 is fitted 
to the upper case 515 so that the sealing portion 515d covers 
the groove 519b at a predetermined position to define the 
inlet passage 519. The upper case 515 and the lower case 
516 are then joined and tightened to each other with the 
tightening members 523. 
0169. The centrifugal pump 503 is mounted so that the 
contact Surface 516b of the lower case 516 contacts the 
heat-generating electronic component 4. Heat from the heat 
generating electronic component 4 is transferred to the lower 
case 516 and is transferred to the coolant in the pump 
chamber 515a. Coolant having temperature raised with the 
heat is discharged from the centrifugal pump 503 by the 
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impeller 511 rotating, and the heat is released from the 
radiator 6 to air. The coolant cooled down returns back along 
the inlet passage 519 to the pump 503. 
0170 According to the sixth embodiment, the lower case 
516 is made of highly radiative, thermally conductive metal 
lic material while the upper pump case 515 is made of resin 
material, such as poly-phenylene sulfide (PPS) or poly 
phenylene ether (PPE), as a single piece. The metallic 
material of the lower case 516 may preferably be copper. 
The resin material of the upper case 515 may preferably be 
poly-phenylene Sulfide because of its physical Strength and 
its resistance to heat. Upon the lower case 516 ebing made 
of copper, the coolant may preferably be doped with anti 
corrosive agent. Both the upper case 515 and the lower case 
516 may be made of metallic material to have simply large 
transfer and radiation of heat. However, the metallic material 
allows an eddy current to be generated acroSS both the cases 
515 and 516 due to an operation of the magnet rotor 513, and 
decreases an operating efficiency of the motor. For avoiding 
the above drawback, the upper case 515 of the pump 503 
according to the Sixth embodiment, not affecting the transfer 
of heat, is made of resin material. More particularly, a 
rotation of the magnet rotor 513 acroSS a magnetic field of 
the Stator 514 generates a magnetic flux passing through the 
cases 515 and 516 and changing with time. The eddy current 
is thus developed in a direction to interrupt the change in the 
magnetic flux throughout the cases 515 and 516, thus 
creating a resultant eddy current loSS. The upper case 515 of 
the pump 503 according to the sixth embodiment is made of 
resin material in order to SuppreSS declination of the oper 
ating efficiency of the motor even when the eddy current is 
generated in the lower case 516 made of copper to provide 
an inevitable resultant loSS. The resin material prevents heat 
from being radiated and prevents drop of operating effi 
ciency of the motor. 
0171 The upper case 515 and the lower case 516 of the 
pump 503 are made of the resin material and the metallic 
material, respectively, and produce a difference between 
thermal expansion coefficients of the cases during the trans 
fer of heat. Metallic material generally has a thermal expan 
Sion coefficient greater than that of resin material. If the 
upper case 515 does not have the fitting portion 515c, 
Stresses caused by the difference of thermal expansion is 
applied intensively to the tightening members 523 and 
loosens the members 523. This reduces effect of the sealing 
between the cases 515 and 516. The upper case 515 accord 
ing to the sixth embodiment has the fitting portion 515c 
thereof located at a side of the cylindrical thick portion 516a 
of the lower case 516. This arrangement allows the fitting 
portion 515c to be close to the cylindrical thick portion 516a 
while being urged by the cylindrical thick portion 516a 
which thermally expands when a temperature increases. 
Accordingly, the tightening members 523 remain free from 
any unwanted Stress, hence permitting no leakage of the 
coolant. The fitting portion 515c has an inner surface receiv 
ing a thermal expansion StreSS Substantially uniformly along 
a height direction from the cylindrical thick portion 516a. 
This prevents the tightening members 523 from being loos 
ened to develop an air gap, and thus reduce an area where 
the contact Surface 516b contact the heat-generating elec 
tronic component 4, hence ensuring the transfer of heat. 
0172 The upper case 515 has an intricate shape, provid 
ing the pump chamber 515a and the sealing portion 515d 
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provided in its interior, and it is difficult to process the 
metallic material to provide the case 515. The upper case 
515 according to the sixth embodiment is made of the resin 
material and can thus be processed easily. Since the cen 
trifugal pump 503 intakes the coolant from below the pump 
chamber 515a, the inlet passage 519 is provided towards the 
lower case 516. Further, connection ports are necessary for 
connecting with external conduits, its difficult to process the 
upper case 515. According to the sixth embodiment, the inlet 
passage 519 is defined by the groove 519b in the lower case 
516 and the sealing portion 515b of the upper case 515. This 
structure allows the upper case 515 and the lower case 516 
to be fabricated Separately as two pieces. In order to reduce 
a size or a thickness of the pump 503, the inlet passage 519 
and the pump chamber 515a are processed precisely. The 
upper case 515 is made of resin material and can be 
processed easily and accurately by a known molding tech 
nique. Including a case is formed of a combination of the 
upper case 515 and the lower case 516, the pump 503 has a 
Simple Structure and can be assembled easily. 
0173 According to the sixth embodiment, the sealing 
portion 515d of the upper case 515 constructs a sealing 
arrangement together with the groove 519b for sealing 
between the pump chamber 515a and the inlet passage 519 
to allow no leakage of the coolant. The Sealing arrangement 
is not limited to the above construction. FIG. 53A is a cross 
Sectional view of another centrifugal pump according to the 
sixth embodiment. FIG. 53B is a front view of a sealing 
member used in the centrifugal pump shown in FIG. 53A. 
The upper case 615 has a holder portion 615e thereof. The 
Sealing member, a cylindrical member 625, has a Sealing 
strip 625c thereof for covering a groove 619b. The cylin 
drical member 625 has a notch 625b provided in an upper 
end thereof for providing as an opening communicating 
between the pump chamber 615a and the discharge passage. 
The cylindrical member 625 for sealing is fitted on the 
holder portion 615e and the fitting portion 615c of the upper 
case 615 and the side surface of cylindrical thick portion 
616a of the lower case 615. The groove 619b is sealed with 
the sealing strip 625c of the cylindrical member 625 to form 
inlet passage 619. This allows the upper case 615 to have the 
holding portion 615e but not the sealing portion 515d shown 
in FIG. 51 which is replaced by the sealing strip 625c of the 
cylindrical member 625 for developing the inlet passage 
619. The sealing member 625 functions as a partition to 
define the inlet passage 619. 
0.174. According to the sixth embodiment 6, the upper 
case 515 and the lower case 516 are fabricated separately as 
two pieces for being assembled easily for the transfer of 
heat. However, the upper case 515 and/or the lower case 516 
is composed of plural Segments. This can particularly 
increase the freedom of designing. In particular, the upper 
case 515 may be composed of two separate Segments since 
including connecting ports having intricate shapes. FIG. 54 
is a croSS Sectional view of a centrifugal pump 603 com 
posed of three Separated Segments. 

0175. As shown in FIG. 54, a connection case 526 is 
coupled with the lower case 516 and has connecting ports 
526a to communicate circulating passage with an external 
inlet tube and an external outlet tube (not shown). An upper 
case 527 is coupled with the connection case 526 for 
covering the back side of the impeller 511 at the opposite 
end of the inlet port 519.a. The upper case 527, the lower 

Jun. 2, 2005 

case 516, and the connection case 526 are assembled to 
construct the case of the centrifugal pump 603. The con 
nection case 526 may be made of resin material for forming 
the inlet passage 519 and the connecting ports 526a. The 
upper case 527 is made of resin material and can thus be 
shaped and assembled more easily than the Single-piece 
upper case 515 shown in FIG. 51. 
0176 Although certain specific embodiments of the 
present invention have been disclosed, it is noted that the 
present invention may be embodied in other forms without 
departing from the Spirit or essential characteristics thereof. 
The present embodiments are therefore to be considered in 
all respects as illustrative and not restrictive, the Scope of the 
invention being indicated by the appended claims, and all 
changes that come within the meaning and range of equiva 
lency of the claims are therefore intended to be embraced 
therein. 

We claim: 
1. A cooling device for cooling a heat-generating com 

ponent, Said cooling device comprising: 
a circulating passage arranged to have coolant circulate 

therein; 
a centrifugal pump including: 

a first case made of metallic material having a Surface 
arranged to contact the heat-generating component, 

a Second case made of resin material and forming a 
pump chamber therein between the first case and the 
Second case, and 

an impeller accommodated in the pump chamber, the 
impeller including open-type Vanes arranged to pres 
Surize the coolant as to have the coolant flow through 
the circulating passage, wherein heat from the heat 
generating component is transferred to the coolant; 
and 

a radiator in the circulating passage and being operable to 
release heat from the coolant. 

2. The cooling device according to claim 1, 
wherein the first case made of the metallic material is 

formed integrally with a portion of an inlet passage 
arranged to introduce the coolant into the pump cham 
ber, and 

wherein the Second case made of the resin material is 
shaped integrally with another portion of the inlet 
passage and an outlet port, the outlet port being 
arranged to discharge the coolant from the pump cham 
ber. 

3. The cooling device according to claim 2, 
wherein the portion of the inlet passage comprises a Side 

of the inlet passage, and the first case has a groove 
provided therein to define the Side, and 

wherein the another portion of the inlet passage shuts the 
groove and Seals between the pump chamber and the 
inlet passage. 

4. The cooling device according to claim 3, wherein the 
another portion of the inlet passage is included in the Second 
CSC. 

5. The cooling device according to claim 3, further 
comprising a Sealing member provided Separately from the 
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Second case and shutting the groove, wherein the Second 
case has a holding portion for holding the Sealing member. 

6. The cooling device according to claim 1, further 
comprising: 

a tightening member, 
wherein the first case has a cylindrical thick portion 

defining an inner wall of the pump chamber and has a 
flange portion provided along a circumference of the 
cylindrical thick portion, 

wherein the Second case has a fitting portion engaging 
with the cylindrical thick portion of the first case, and 

wherein the tightening member tightens the flange portion 
to the fitting portion. 

7. The cooling device according to claim 6, wherein the 
Second case has a step portion provided at the fitting portion, 
the Step portion engaging with the cylindrical thick portion 
of the first case and positioning the cylindrical thick portion. 

8. The cooling device according to claim 1, wherein the 
first case is composed of a plurality of Segments Separate 
from each other. 

9. The cooling device according to claim 1, wherein the 
Second case is composed of a plurality of Segments Separate 
from each other. 

10. A cooling device for cooling a heat-generating com 
ponent, Said cooling device comprising: 

a circulating passage having coolant circulate therein: 
a centrifugal pump including: 
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a first case made of metallic material and having a 
Surface arranged to contact the heat-generating com 
ponent, 

a Second case made of resin material, and having 
connection ports coupled with the circulating pas 
Sage, the Second case having an inlet passage and a 
outlet passage therein which are coupled with the 
connection ports, respectively, 

a third case made of resin material and forming a pump 
chamber among the first case, the Second case, and 
the third case, the pump chamber is filled with a 
Volume of the coolant, and 

an impeller accommodated in the pump chamber, and 
being operable to pressurize the coolant to have the 
coolant flow through the circulating passage, 
wherein the coolant is introduced in the pump cham 
ber through the inlet passage and discharged from 
the pump chamber through the outlet passage, and 
wherein heat from the heat-generating component is 
transferred to the volume of the coolant, and the 
coolant circulates through the circulating passage; 
and 

a radiator provided at the circulating passage for releasing 
the heat from the coolant. 


