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(7) ABSTRACT

An improved cooling system designed for electronic com-
ponents such as a central processing unit of a computer with
an integrated unit comprising a radiation housing an absorp-
tion housing having a coolant store unit, an absorption layer
between the coolant store unit and the electronic component
and a circulation generation unit which causes a coolant to
flow from the coolant store unit to the absorption layer and
back to the coolant store unit through a conduit.
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INTEGRATED FLUID COOLING SYSTEM FOR
ELECTRONIC COMPONENTS

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a fluid cooling
system designed for electronic components, with radiation
and absorption incorporated in an integrated unit, and more
particularly, to a central processing unit (“CPU”) radiator
with internal circulation integral mode liquid cooling sys-
tems. During the past decades technologies in electronics
have improved tremendously. Devices such as microproces-
sors have been become one of the major electronic compo-
nents in many products such as TVs, radios, home appli-
ances and computers and gradually become part of people’s
daily life. Transistors enabled people to make microproces-
sor more reliable, consume less power and have a higher
working speed. Further developments of the integrated
circuits (ICs) allowed multiple electronic circuits to be
combined on the same chip. Since then, chip manufacturers
tend to reduce the overall size of the microprocessors and
concurrently increase the total number of transistors therein.

[0002] Like many electronic devices, microprocessors
have a range of operating temperature, below which the
device would function well. Exceeding the operating tem-
perature or an excessively high temperature would adversely
effect the overall performance of the device. Exceeding
continuously the operating temperature for a certain amount
of time would result in device failure or damage. It is
therefore understood that thermal management in present-
day electronics plays a very important role, particularly
when heat is generated during operation. The CPU produces
heat during the operation of the computer. Heat must be
quickly carried away from the CPU during the operation of
the computer.

[0003] Conventionally, thermal control is achieved by
using a fan to provide ambient air to the device. This type of
cooling system generally requires a large surface area so that
more air can be directed to the device. However, manufac-
turers tend to develop chips in a compact size such cooling
system certainly does not meet the need. Other drawbacks of
this type include slow heat transfer and energy-inefficient.

[0004] Alternatively, a cooling system with water other
than air can be used, and can be refrigerated rather than at
ambient temperature. Such cooling systems include those
designed as separate compartments, i.e., units for radiation
and absorption. With such segregated components, leakage,
slow and unstable circulation resulted thereby leading to
inefficient heat transfer. For example, U.S. Pat. No. 6,422,
304 discloses an auxiliary cooling system for cooling a
central processing unit (CPU) which includes an inner tube
provided within an outer tube. A first end of the outer tube
is attached-to a in and a second end of the outer tube is
attached to a housing of a computer adjacent the CPU. Inlet
and outlet tubes are attached to a first end and second end of
the inner tube. A pump draws a cooling fluid from a cooling
source and passes the cooling fluid to the inner tube. As the
cooling fluid passes through the inner tube, the temperature
of the air within the outer tube is decreased. A fan is used to
direct the cool air onto the CPU.

[0005] Other cooling means have been developed previ-
ously for dissipating heat from the CPU of a computer. For
example, a structure of CPU cooling arrangement comprises
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a heat sink mounted on the CPU, the heat sink having a
plurality of bottom mounting legs inserted through respec-
tive through holes on the CPU, a spring retainer fastened to
the bottom mounting legs of the heat sink to secure the heat
sink and the CPU together, and a fan mounted on the heat
sink. However, low performance and inefficient dissipation
of hot air resulted. Similarly, U.S. Pat. No. 6,166,907
discloses a CPU cooling system for use in a computer to
dissipate heat from the CPU of the computer comprising a
water tank holding a liquid coolant, radiators, a water
circulation pipe assembly for circulation of the liquid cool-
ant through the radiators and a pump external to the water
tank whereby the liquid coolant is pumped through the water
circulation pipe assembly. However, as the above prior art
system has separate compartments, more efficient radiation
is desirable.

[0006] Although use of water may remove the heat and
reduce the temperature produced by electronic components,
there is still a need for the development of a stable, rapid,
high energy efficient, small capacity, impact resistant and
leakage-free cooling system.

[0007] The present invention meets this need.

SUMMARY OF THE INVENTION

[0008] An improved cooling system designed for elec-
tronic components provides a stable, rapid, high energy
efficient, small capacity, impact resistant and leakage-free
cooling system comprising a coolant and an integrated unit
comprising: (i) absorption housing having a coolant store
unit; (ii) a radiation housing having a plurality of radiation
sheets; (iii) an absorption layer between the coolant store
unit and the electronic component; and (iv) a circulation
generation unit having a motor stator, a top cover of the
coolant store unit, rotor and an impeller, which causes the
coolant to flow from the coolant store unit to the absorption
housing and back to the coolant store unit through a conduit.

[0009] Details of one or more embodiments of the inven-
tion are set forth in the description below. These embodi-
ments are for illustrative purposes only and the principle of
invention can be implemented in other embodiments. Other
features and advantages of this invention will become appar-
ent from the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] For the purpose of illustrating the invention, there
is shown in the accompanying drawings one form which is
a preferred embodiment; it being understood that the inven-
tion is not intended to be limited in scope as shown.

[0011] FIG. 1 is a schematic, cross sectional view of the
cooling system according to the present invention

[0012] FIG. 2 is a cross sectional view of the coolant
storage unit.

[0013]
[0014]
[0015] FIG. 5 illustrates the shape of the fan.

FIG. 3 is a top view of a base, i.¢., absorption layer.

FIG. 4 is a cross sectional view of the cover.

DETAILED DESCRIPTION OF THE
INVENTION

[0016] The present invention is an improved cooling sys-
tem designed for electronic components such as a central
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processing unit (CPU) of a computer, super power tube,
integrated chip, or the like and any similar electronic devices
that use a radiation sheet for heat transfer or thermal
management. One preferred embodiment is directed to a
cooling system, i.e., radiating system designed for a CPU
comprising a coolant (102) and an integrated radiation
housing and absorption housing or section. The absorption
section (001) of the cooling system comprises an absorption
layer (104), coolant storage unit (103), a circulation genera-
tion unit and a conduit (106). The absorption layer forms the
base of the coolant storage unit (103) and the CPU (105).
The conduit is attached to the coolant storage unit at the
outlet (111) and the inlet (112). The circulation generation
unit comprises an impeller (110), a rotor (117), a top cover
(108) of the coolant storage unit (103) and a motor stator
(113). The impeller erects or is positioned at the center of the
absorption layer. The radiation section (002) includes a
fan/blower (115), conduit (106) and a plurality of radiation
sheets (114) preferably about 30 to 50 radiation sheets. The
coolant storage unit (103) and the conduit (106) are filled
with a coolant (102). The cooling system is placed directly
above the electronic device and has the same or similar
power supply as that of the device, the CPU, for example,
12V DC. When the CPU is in its operation and generates
beat, the heat will be absorbed into the absorption layer and
transferred to the coolant (102).

[0017] As used herein, integral mode internal circulation
refers to an integral body with units such as, for example,
absorption layer, coolant storage unit and power pump and
radiator. The circulation generation unit, that is, a power
pump comprises an impeller, rotor, coolant storage unit-top
cover and motor stator. The radiator comprises a conduit, at
least one radiating sheet and fail. The present invention
forms a closed internal circulation cooling system for con-
trolling the velocity of radiation in electronic devices, and
preferably in CPUs. The coolant storage unit, power pup and
radiator joined together by welding.

[0018] Another embodiment is directed to the process of
cooling. More specifically, the CPU (105) triggers the cool-
ing system (101) when it is in operation and generates heat.
The absorption layer of the cooling system absorbs the heat
generated by the CPU as they are in contact or direct contact.
The coolant (102) in the coolant storage unit (103) in umm
absorbs the heat from the absorption layer. At the same time,
the circulation generation unit operates cashing the coolant
to flow thereby generating circulation of the coolant. The
heated coolant will start to flow out from the outlet (111) to
the conduit (106) thereof extends into the radiation section
of the cooling system where a fan/blower (115) directs
ambient air from the surroundings, particularly from the area
above top cover of the coolant storage unit to refrigerate the
heated coolant. The conduit in the radiation section is
circulated cylindrically which aims to maximize the flowing
length as well as the cooling time for the heated coolant. The
temperature of the heated coolant will be reduced to normal
or lower than normal by the time it flows out of the radiation
section and returns to the coolant storage unit at the inlet
(112) where the coolant again absorbs the heat from the
absorption layer (104) as well as the CPU. Each junction
point is closely welded thereby forming an internal circu-
lation system. The process repeats, hence the internal cir-
culation, until the CPU is being turned off, during which the
operating temperature of the CPU can be controlled signifi-
cantly.
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[0019] Now referring to the drawings, there is shown one
embodiment, it being understood that the invention is not
intended to be limited in scope as shown.

[0020] FIG. 1 illustrates the cross-sectional view of the
present invention. The cooling system (101) comprises a
coolant (192) and an integrated radiation hot or section and
absorption housing having a coolant storage unit (103) in
absorption section, an absorption layer (104) between the
coolant storage unit and the CPU (105) and a conduit (106).
The cooling system (101) is mounted on the top of the CPU
with four fixing screws with the absorption layer in direct
contact with the CPU as well as the coolant (102). The
cooling system (101) has the same power supply (not
shown) as that of the CPU (105), typically 12V DC, so when
the CPU is in operation in which heat is generated, the
cooling system (101) will be turned on. As shown in FIG.
1, the absorption layer (104) is the base of the cooling
system (101) and in order for the absorption layer (104) to
absorb heat from the CPU quickly it is made of materials
having a high heat conductivity such as bronze, copper
(preferably red copper tube), aluminum and the like or alloys
thereof. It will be appreciated that any thermally conductive
material is contemplated. The other side of the absorption
layer, the side that is in contact with the coolant, is made
with a number of grooves (116) to increase the contact area
between the coolant and the absorption layer so that more
heat can be transferred about quickly. The absorption layer
in the preferred embodiment has about 10 to 20 grooves and
more preferably, about 10 to 15 grooves. The grooves (116)
on the absorption layer is in a form of concentric circles
which serves as a diversion channels guiding the heated
coolant to mix with the cooled coolant returned from the
radiation section thereby increasing the ability of heat con-
ductivity from the surface of the absorption layer to the
coolant by about 1.5-3 times. Also, the diversion channel
guides the coolant to flow in the same direction thereof can
reduce the interruption of friction between the viscosity of
the coolant eliminating the problems such as streamline
distortion and swirl. Two mixing regions are created on the
base by not having any grooves on the area. The mixing
region is a sector having an angle of at least about 20°.
Under the effect of centrifugal force, the coolant in these
mixed regions will tend to travel outward. As the area closer
to the center of the absorption layer usually has a higher
temperature than those away from the center, the coolant
closer to the center can mix with those away from the center
with a lower temperature in the mixing region. As a result,
it accelerates the heat transfer process. The coolant of the
cooling system is a fluid selected from a group consisting of
gas, liquid or mixes thereof. Any liquid such as water (H,0),
ammonia (NH,), transformer oil, fluorinated organic com-
pounds, ethylene glycol and is thereon or which possess a
high specific heat capacity and coefficient of thermal con-
ductivity as well as a lower boiling point than an operating
temperature of the CPU is contemplated. The coolant store
unit comprises the coolant and a fanlike circulation genera-
tion unit comprising a brushless DC motor as supplied by
Hong Kong Cheung Tat Electrcal Co., Ltd., Hong Kong and
an impeller. Preferably, the brushless DC motor is specially
designed where the motor stator (113) and the rotor (117) is
separated by a non-magnetized top cover (108) of the
coolant storage unit. Preferably, the rotor is placed inside the
coolant storage unit whereas the motor stator is situated
outside. When the cooling system is triggered by the opera-



US 2004/0052048 Al

tion of the CPU, the stator produces a magnetic field
inducing the rotor as well as the impeller to rotate causing
the coolant to flow. The heated coolant in the coolant storage
unit will flow into the conduit at the outlet whilst the coolant
at the inlet flows into the coolant store unit. The impeller
(110) is made of aluminum or equivalent material and
comprises an axis (109) and at least one blade. The impeller
(110) is designed with the bottom part, thereof constitutes
about one-third of the blade, slightly bent at an angle
towards the direction of rotation making it a shape of an arm.
This special design enhances the heat transfer process by
creating a lifting force for the coolant at the bottom part of
the coolant storage unit. It is believed that the temperature
at the surface the absorption layer is generally higher than
that away from it. Therefore, the coolant at the bottom part
of the coolant storage unit will possess a higher temperature
or absorbs heat quicker than those in the upper part. The
function of the bent impeller is to create a lifting force for
the coolant closer to the absorption layer to raise and mix
with the lower temperature coolant in the upper part of the
coolant storage unit thereby enhancing the heat transfer
between the coolant within the coolant storage unit. The top
cover (108) is designed to prevent the coolant from leakage
from the coolant storage unit. The impeller (110) is erected
or positioned at the center of the absorption layer. The
conduit is made of high heat conductivity material such as
copper, preferably red copper tube, which is attached to the
coolant storage unit and extended into the radiation section.
The conduit winds its way or circumnavigates into the
radiation unit and connects integrally back to the coolant
storage unit. The connection point for the inlet conduit is
made at the bottom part of the coolant storage unit whereas
the connection point for the outlet conduit is made at a
slightly higher position of the coolant storage unit. The
conduit is connected to the inlet and outlet of the coolant
storage by way of a welding process. The coolant re ed from
the radiation housing will enter the coolant store unit at a
region where the temperature is high. On the other hand, the
heated coolant lifted by the blade of the impeller to a higher
level can flow out at the outlet. The conduit in the radiation
is designed to achieve maximum radiation. For example in
FIG. 1, the conduit is made to circulate to maximize the
length of the flow of coolant thereby effecting maximum
radiation. Preferably, the conduit may be a round shape with
a diameter of about 67 mm with a total length ranging from
about 1000 to 1500 mm. One skilled in the art would be able
to modify the above parameters depending upon the end use
application, miniaturization of electronic components with-
out undue experimentation. As the impeller rotates, the
coolant in the coolant storage unit (103) will flow out from
the outlet (111) to radiation housing through the conduit
(106). In the radiation housing, a fan/blower (15) directs
ambient air from the surroundings, particularly from the area
above top cover of the coolant storage unit to refrigerate the
heated coolant. There are also radiation sheets (114) in the
vicinity of the conduit to assist the radiation and to direct the
air into the radiation housing. The radiation sheets are made
of aluminum foil or the like. The heated coolant continues to
circulate as well as refrigerate along the conduit and returns
to the coolant storage unit through an inlet which may be
positioned at any point around the circumference of the
coolant storage unit, preferably th, coolant enters in a radial

Mar. 18, 2004

direction and more preferably the coolant enters in a tan-
gential direction. It being understood by those skilled arti-
sans that the entering and exiting coolant flows within the
same direction as the rotation of the impeller. When the
coolant returns to the coolant storage unit, the temperature
should have beep reduced to normal or below normal. The
refrigerated coolant would again mix with the heated coolant
and continue to circulate forming an internal circulation.
This process would repeat until the CPU is turned off. For
example, the cooling system is able to reduce the operating
temperature of the CPU by about 40° C. in about 10 seconds.
Also, the cooling system achieves noise-control by at least
20 dB and preferably about 40 dB and small capacity.
Furthermore, the power capacity is less than 10 watts
depending on the size.

[0021] Now referring to FIG. 2 is a cross section of the
coolant storage unit. The base or absorption layer (104)
connects to the coolant storage unit (103) by a welding
process. The inlet is placed at a level close to the absorption
layer whereas the outlet is situated at a higher position than
the inlet. The cover (108) of the coolant storage unit, conduit
(106) and outlet (111) and outlet (111) are illustrated.

[0022] Now referring to FIG. 3 is a top view of the base,
i.e., absorption layer. The grooves (116) increase the surface
area for absorption and are formed in a shape of concentric
circles serving as diversion channels. Also the base contains
two mixed regions where no groove is displayed. Each
mixing regions (118) occupies about 20-22°. The present
invention base having few ring type, concentric circles,
trapezoid or semicircle diversion channels resulting in a
mixed flow area in the region of inflow and outflow liquid
tubes. The construction of the inner surface base forming of
trapezoid and semicircle channels increases the ability of
heat conductivity about 1.5 to 3 times to the area of base and
liquid medium material so that rapid heat transfer is effec-
tuated. Furthermore, the base of channels forms various ring
type, i.e., concentric circles making the same direction of
liquid inflow in the diversion channel and the major part of
the water tank thy reducing the friction between the viscos-
ity of liquid inside the grooves and further solves the
problem of streamline distortion and caused swirl. Finally, a
mixed flow area is created whereby the liquid in the center
part of the groove enters into mixed flaw area under cen-
trifugal force moves to the outer groove and the temperature
inside the groove is stabilized and efficiently absorbs heat.

[0023] Now referring to FIG. 4 is a side view of the
impeller. The bottom part, which constitutes one-third of the
blade is bent at an angle towards the direction of the rotation.
It is preferred that the impeller is directly installed in the
magnetic part of the rotor. The movement of the impeller
will be followed by the rotation of the magnetic rotor and the
design for the blade of the impeller intersectional shows
straight and plan in the upper part and the lower part shows
a shape of arc as illustrated in FIG. 4.

[0024] Now referring to FIG. 5 is a cross-sectional view
of the non-magnetized top cover of the coolant storage unit
which separates the motor stator (113) and the rotor (117).

[0025] Those skilled in the art will appreciate that many
widely different embodiments of the present invention may
be adopted without departing from the spirit and scope of the
invention.
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What is claimed is:
1. An improved cooling system designed for an electronic
component comprising:

(a) a coolant and

(b) an integrated unit comprising: (i) absorption housing
having a coolant store unit; and (ii) radiation housing
having a plurality of radiation sheets; (iii) an absorption
layer between the coolant store unit, and the electronic
component; and (iv) a circulation generation unit hav-
ing a motor stator, a top cover of the coolant store unit,
rotor and an impeller which causes the coolant to flow
from the coolant store unit to the absorption housing
and back to the coolant store unit through a conduit.

2. The cooling system of claim 1 wherein the electronic
component is selected from the group consisting of a Central
Processing Unit (CPU), super power tube and integrated
chip (IC); and wherein the coolant is a fluid selected from a
group consisting of gas, liquid or mixtures thereof.

3. The cooling system of claim 2 wherein the liquid is
selected from a group consisting of water (H,0), ammonia
(NH,), transformer oil, fluorinated organic compounds, eth-
ylene glycol or mixtures thereof.

4. The cooling system of claim 1 or claim 3 wherein the
absorption layer having a high heat conductivity is selected
form a group consisting of bronze, copper (Cu), red copper
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tube, aluminum (Al), and alloys thereof, and wherein said
adsorption layer forms a chassis of the cooling system and
is in contact with the electronic component and the coolant.

5. The cooling system of claim 4 wherein the conduit
circumnavigates in the integrated unit and connects an inlet
and an outlet of the coolant storage unit so that the liquid
flowing out of the coolant and the liquid flowing into the
coolant storage unit is in the same direction as the rotation
of an impeller.

6. The cooling system of claim 5 wherein the circulation
generation unit of has a comparable power supply as the
electronic component.

7. The cooling system of claim 1 wherein the absorption
housing further comprises an absorption layer which forms
the base of the coolant storage unit and the CPU and wherein
the conduit is connected to the coolant storage unit at the
outlet and the inlet.

8. The cooling system of claim 7 wherein the circulation
generation unit further comprises an impeller, a rotor, a top
cover of the coolant storage unit and a motor stator.

9. The cooling system of claim 9 wherein the radiation
housing further comprises a fan.

10. Am electronic device comprising the improved cool-
ing system of claim 1.
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