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(57) ABSTRACT 

The invention relates to an arrangement comprising at least 
one heat source (140) being adapted to transfer heat to at 
least one ?rst element (110), a poWer source (100) being 
provided for applying a ?rst voltage (V1) to said ?rst 
element (110), at least one second element (150) having a 
second voltage (V2), Wherein an electric ?eld (E), generated 
by a potential difference (V1-V2), betWeen the ?rst element 
(110) and the second element (150), causes an ioniZed 
medium, heated by the ?rst element (110), to move toWards 
the second element (150), thereby achieving an increased 
heat transfer from the ?rst element (110). 
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ARRANGEMENT AND METHOD FOR 
INCREASING HEAT TRANSFER 

FIELD OF THE INVENTION 

[0001] The invention relates in general to an arrangement 
and method for cooling a heat source and more particularly 
to an arrangement comprising a poWer source. 

[0002] Furthermore, the invention relates to softWare 
adapted to perform a method for cooling a heat source When 
executed on a computer. 

[0003] Even further, the invention relates to the use of 
such a system. 

BACKGROUND OF THE INVENTION 

[0004] Today, cooling techniques are Widely used for 
cooling heated objects or heat sources such as electronic 
components, CPUs, etc. At least tWo different techniques are 
used for the purpose of transferring heat from a heat source. 

[0005] Corona or ion Wind cooling techniques refer essen 
tially to the movement of gas induced by collisions betWeen 
ions aWay from the vicinity of a high voltage discharge 
electrode and the surrounding volume of gas. In ion Wind 
cooling systems a Wind is created, Which is similar to that 
created by a fan. 

[0006] Another cooling technique is described in US. Pat. 
No. 3,872,917. In US. Pat. No. 3,872,917 there is depicted 
hoW a How of ioniZed air from a sharp high voltage electrode 
to a grounded heat source is created. The ioniZed air ?oWs 
toWards the heat source and creates a forced convection 
effect similar to that of a fan. 

[0007] When the ioniZed air comes into contact With the 
heat source it may deposit particles onto the heat source. 
This effect is knoWn as the black-Wall effect and is a 
common problem found in air ioniZers, Where after a short 
period of time there is a residue build up on the collector 
electrode. This residue build up Will act as thermal insula 
tion, and severely limit the heat transfer co-ef?cient over a 
short period of time. 

[0008] The ioniZed air becomes neutralised as it comes 
into contact With the grounded heat source and this results in 
an exiting How of neutralised air molecules that carry heat 
aWay from the heat source in a random direction. This 
disadvantageously creates a multitude of design problems. 

[0009] Further, the system according to US. Pat. No. 
3,872,917 is dif?cult to employ in real applications, such as 
electronics cooling, because of non-containment of electric 
?elds, increased space requirements, and complex position 
ing of components to make sure that ioniZed air How to the 
heat source and not to any other component by accident. 

[0010] Furthermore, the system according to US. Pat. No. 
3,872,917 suffers from the disadvantage of metal emission 
that occurs at sharp points on high voltage electrodes, Which 
requires unneeded maintenance of the system. 

SUMMARY OF THE INVENTION 

[0011] One aspect of the present invention relates to the 
problem of improving heat transfer from a heat source. More 
particularly, according to an aspect of the invention, the 
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present invention relates to the problem of improving heat 
transfer from a heat source in a cost effective Way. 

[0012] This problem is solved by an arrangement com 
prising at least one heat source being adapted to transfer heat 
to at least one ?rst element, a poWer source being provided 
for applying a ?rst voltage to said ?rst element, at least one 
second element having a second voltage, Wherein an electric 
?eld, generated by a potential difference, betWeen the ?rst 
element and the second element, causes an ioniZed medium, 
heated by the ?rst element, to move toWards the second 
element, thereby achieving an increased heat transfer from 
the ?rst element. 

[0013] This solution effectively eliminates dust and par 
ticle collection on the heat source being cooled and can 
therefore prolong the cooling efficiency of the arrangement. 
The arrangement is thus self cleaning. This provides the 
positive effect that objects, such as components, Which are 
cooled, are not negatively in?uenced by a polluted environ 
ment. Furthermore, as a synergy effect, the arrangement 
reduces or eliminates the build up of heat on surrounding 
components. 

[0014] The arrangement advantageously provides uniform 
cooling over a surface area of the ?rst element. This reduces 
hot spots and decreases thermal stresses on the heat source 
being cooled. 

[0015] Advantageously, loW cost materials are used, 
Which together With loW energy consumption provides a cost 
effective method for improving heat transfer from the heat 
source. Furthermore, the construction of the arrangement is 
simple and easy to implement into production lines. The 
arrangement requires loW to no maintenance and also has 
longevity. 

[0016] The arrangement can be utiliZed so that the move 
ment of the ioniZed medium causes repulsion of a thermal 
boundary layer on a surface of the ?rst element, thereby 
further increasing the heat transfer from the ?rst element. 

[0017] Another advantage of the present invention is the 
?exibility of the arrangement’s design. It can be manufac 
tured to cool small micro-processors and can also be used in 
large industrial cooling applications, including all shapes 
and siZes in betWeen, including the cooling of irregularly 
shaped surfaces. If, for example, fans are used in large or 
complex applications, multiple fans are required, increasing 
design complexity and causing an associated increase in 
production time and cost. 

[0018] The arrangement can further be con?gured so that 
a control unit is arranged to control the potential difference 
betWeen the ?rst and second element, increasing heat trans 
fer from the ?rst element. 

[0019] Preferably said the arrangement further comprises 
a dielectric element. Preferably said ?rst element is electri 
cally conductive. 

[0020] Preferably the ?rst voltage is applied to the ?rst 
element, and the ?rst element is separated from the heat 
source by the dielectric element. 

[0021] Preferably the heat source is provided With a con 
ductive protection element provided betWeen the heat source 
and the dielectric element. 
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[0022] Preferably the second element is arranged so that 
the heat transfer is performed in a controlled Way, in at least 
one particular direction. 

[0023] Preferably the second element is grounded. 

[0024] Preferably the applied ?rst voltage is in the range 
of 1-100 kV. 

[0025] Preferably the arrangement further comprises a 
control unit arranged for communication With the poWer 
supply and/or the second element, Wherein the control unit 
is arranged to control the potential difference betWeen the 
?rst element and the second element. 

[0026] The arrangement is silent When used, Which is 
preferable, for example, in areas Where people live or Work. 

[0027] The arrangement can easily be integrated into 
eXisting cooling applications, Which use, for eXample, a fan 
for cooling a heat source. It can further operate indepen 
dently or be integrated into existing cooling applications. In 
fact, a previously-provided fan can be used for transporting 
an ioniZed heated medium from the surface of the ?rst 
element. Even further, a medium being partly ioniZed can be 
supplied to the surface of the ?rst element Where it is heated 
and thereafter transferred from said surface, thereby enhanc 
ing ef?ciency of the heat transfer from the heat source. 

[0028] According to one embodiment the heat transfer can 
be accurately regulated. This is particularly advantageous 
When the arrangement according to the invention is applied 
to systems Where the heat source is sensitive for temperature 
variations. 

[0029] According to one aspect of the invention the high 
voltage potential applied to the heat source, combined With 
the force of the electric ?eld, causes electrons thermionic 
emission to occur at relatively loW temperatures of the heat 
source. 

[0030] Advantageously no black-Wall effect occurs on the 
heat source, because ioniZed air is not ?oWing toWards the 
heat source. 

[0031] Additional objects, advantages and novel features 
of the present invention Will become apparent to those 
skilled in the art from the folloWing details, as Well as by 
practice of the invention. While the invention is described 
beloW, it should be understood that the invention is not 
limited to the speci?c details disclosed. The above-men 
tioned skilled persons having access to the teachings herein 
Will recognise additional applications, modi?cations and 
embodiments in other ?elds, Which are Within the scope of 
the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] For a more complete understanding of the present 
invention and further objects and advantages thereof, refer 
ence is noW made to the folloWing description of 
eXamples—as shoWn in the accompanying draWings, in 
Which: 

[0033] FIG. 1 schematically illustrates a cross-section 
vieW of an arrangement for heat transfer according to an 
aspect of the invention. 

[0034] FIG. 2 illustrates an arrangement for cooling a heat 
source according to an aspect of the invention. 
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[0035] FIG. 3 illustrates an arrangement for increasing 
heat transfer from a heat source according to an aspect of the 
invention. 

[0036] FIG. 4 illustrates an arrangement for increasing 
heat transfer from a heat source according to an aspect of the 
invention. 

[0037] FIG. 5 illustrates an arrangement for increasing 
heat transfer from a heat source according to an aspect of the 
invention. 

[0038] FIG. 6 illustrates an arrangement for increasing 
heat transfer from a heat source according to an aspect of the 
invention. 

[0039] FIG. 7 illustrates an arrangement for removing 
heat from at least heat source according to an aspect of the 
invention. 

[0040] FIG. 8 illustrates an arrangement for increasing 
heat transfer from a heat source according to an aspect of the 
invention. 

[0041] FIG. 9 illustrates an arrangement for increasing 
heat transfer from a heat source according to an aspect of the 
invention. 

[0042] FIG. 10 illustrates an arrangement for increasing 
heat transfer from a heat source according to an aspect of the 
invention. 

[0043] FIG. 11 illustrates an arrangement for increasing 
heat transfer from a heat source according to an aspect of the 
invention. 

[0044] FIG. 12 illustrates an arrangement for increasing 
heat transfer from a heat source according to an aspect of the 
invention. 

[0045] FIG. 13 illustrates an arrangement for increasing 
heat transfer from a heat source according to an aspect of the 
invention. 

[0046] FIG. 14 illustrates an arrangement for increasing 
heat transfer from a heat source according to an aspect of the 
invention. 

[0047] FIG. 15 illustrates an arrangement for increasing 
heat transfer from a heat source according to an aspect of the 
invention. 

[0048] FIG. 16 illustrates an arrangement for increasing 
heat transfer from a heat source according to an aspect of the 
invention. 

[0049] FIG. 17 illustrates an arrangement for increasing 
heat transfer from a heat source according to an aspect of the 
invention. 

[0050] FIG. 18 illustrates an arrangement for increasing 
heat transfer from a heat source according to an aspect of the 
invention. 

[0051] FIG. 19 illustrates an arrangement for increasing 
heat transfer from a heat source according to an aspect of the 
invention. 

[0052] FIG. 20 illustrates an arrangement for increasing 
heat transfer from a heat source according to an aspect of the 
invention. 
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[0053] FIG. 21 is a graph illustrating cooling ef?ciency of 
an arrangement for increasing heat transfer from a heat 
source according to an aspect of the invention. 

[0054] FIG. 22 is a graph illustrating cooling ef?ciency of 
an arrangement for increasing heat transfer from a heat 
source according to an aspect of the invention. 

[0055] FIG. 23a illustrates a How chart of a method for 
increasing heat transfer from a heat source according to an 
aspect of the invention. 

[0056] FIG. 23b illustrates a How chart of a method for 
increasing heat transfer from a heat source according to an 
aspect of the invention. 

[0057] FIG. 24 illustrates an apparatus according to an 
aspect of the invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0058] FIG. 1 schematically illustrates a cross-section 
vieW of an arrangement for heat transfer according to an 
aspect of the invention. 

[0059] A heat source 140 is thermally coupled to a ?rst 
element 110. A dielectric element 120 is provided With the 
?rst element 110 on a ?rst side thereof. The dielectric 
element 120 is provided With a third element 130 on a 
second side thereof. The dielectric element is provided 
betWeen the heat source 140 and the ?rst element 110. The 
third element 130 is thermally coupled to the heat source 
140. 

[0060] According to one embodiment the ?rst element 110 
is a conductive layer, Which is provided on at least a part of 
the ?rst side of the dielectric element 120. The ?rst element 
110 is electrically conductive. The ?rst element 110 is a 
metal, alloy or an electrically conductive material, such as 
stainless steel, conductive paint comprising for example 
silver Ag, cast iron, Al, Zn or other. The ?rst element 110 can 
be attached to the dielectric element by means of spray 
coating, sputtering, moulding, stamping, plating, braZing, 
metalliZation, Welding, thermal glue or other. The dielectric 
element 120 is arranged to transfer heat from the heat source 
140 to the ?rst element 110. The dielectric element 120 is 
also arranged to insulate the heat source 140 from the high 
voltage applied to the ?rst element 110. 

[0061] The dielectric element 120 is provided With the 
third element 130 on at least a portion of the second side 
thereof. The third element 130 is electrically conductive. 
The third element 130 may have the same composition as the 
?rst element 110. The third element 130 can be attached to 
the dielectric element by means of spray coating, sputtering, 
moulding, stamping, Welding, thermal glue or other. The 
dielectric element 120 is a solid, such as glass, dielectric 
refrigerant, plastic or an oxide of various metals, e.g. alu 
minium oxide. Alternatively the dielectric element is a 
combination of any dielectric materials. Alternatively, the 
dielectric element comprises a liquid or gas, such as dry air 
or distilled Water, ?ourinert liquid or mineral or synthetic oil. 

[0062] The dielectric material, according to an embodi 
ment of the invention, is composed of a ceramic material 
like Aluminium Nitride, Aluminium Oxide, Boron Nitride, 
Magnesium Oxide, or Silicon Nitride. 

[0063] Alternatively, the dielectric material, according to 
another embodiment of the invention, is composed of a 
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compound comprising material of good thermal conductiv 
ity and a material of loW electric conductivity, such as Boron 
Nitride poWder mixed With polyester or epoxy. 

[0064] The dielectric element can be a diamond Wafer. The 
dielectric element may consist of composites like Diamond/ 
Copper or Diamond/Silicon. 

[0065] The heat source 140, the third element 130, the 
dielectric element 120 and the ?rst element 110 are arranged 
for heat transfer from the heat source 140 to the ?rst element 
110 via the third element 130 and the dielectric element 120. 

[0066] A second element 150 is provided at a distance D 
from an assembly comprising parts 110, 120, 130 and 140. 
D is a length betWeen the ?rst element and the second 
element 150. The distance D may be chosen With reference 
to a speci?c application, in Which a method according to the 
invention is to be used. The distance D betWeen the ?rst 
element 110 and the second element 150 is preferably 
slightly greater than that at Which arching Would occur for 
a particular potential difference V1-V2 betWeen the ?rst 
element 110 and the second element 150. According to one 
embodiment the distance D is 1 cm. According to another 
embodiment the distance D is variable betWeen 0.5 and 5 
cm. It should hoWever be noted that the second element 150 
is separated from the assembly comprising parts 110, 120, 
130 and 140. In particular the second part 150 is separated 
from the ?rst element 110. Alternatively, the second part 150 
is a portion of an earthed enclosure, Which is described 
beloW With reference to FIG. 17. 

[0067] According to one embodiment the second element 
150 is rotating around at least one axis. The second element 
can be a Wheel or a conveyor belt. According to another 
embodiment the heat source is rotating around at least one 
axis. According to one embodiment the second element 150 
is one or more Wires. 

[0068] According to on embodiment the second element 
150 is grounded. The third element 130 is also grounded. 

[0069] Dimensions and siZes of the heat source 140 and 
the elements With reference to 110, 120, 130 and 150 may 
vary Within Wide ranges. For example, the heat source 140 
and the elements depicted With reference to 110, 120, 130 
and 150 may be plate shaped, as illustrated With reference to 
FIG. 1, for illustrative purposes, Wherein the elements 
130,120 and 110 are piled on the heat source 140. According 
to another embodiment the elements are block shaped or 
cylindrical, or a combination thereof. The elements may be 
irregularly shaped. Depending upon Which application the 
arrangement is provided for a unique design may be applied. 

[0070] A poWer source 100 is connected to the ?rst 
element 110 via a Wire 50. Alternatively a line 50 can be 
used. The poWer source 100 is adapted to provide a direct 
current high voltage V1 to the ?rst element 110. Alterna 
tively the poWer source 100 is adapted to provide a direct 
current high pulse voltage to the ?rst element 110. The 
poWer source 100 is, according to one embodiment, a loW 
amperage poWer source. 

[0071] The poWer source 100 comprises a current limiter, 
Which is a short-circuit protection device that automatically 
limits the current to a safe value. This is done When a 
current-limiting transistor senses an increase in load current. 
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At this time the current-limiting transistor decreases the 
voltage on the base of a pass transistor in a regulator, causing 
a decrease in its conduction. 

[0072] The applied voltage V1 is provided so as to ioniZe 
a medium provided betWeen the ?rst element 110 and the 
second element 150. In particular a part of the medium is 
ioniZed at the ?rst element 110. More in particular, a part of 
the medium is ioniZed Within the thermal boundary layer 
provided at the surface of the ?rst element 110. Apart of the 
medium is ioniZed Within a laminar layer of the thermal 
boundary layer provided at the surface of the ?rst element 
110. This Will be described in further detail beloW. 

[0073] The medium can be any medium Which can be 
ioniZed betWeen the ?rst element 110 and the second ele 
ment 150 and thereby be transported Within the electric ?eld 
in a direction aWay from the ?rst element 110. Preferably the 
medium is air. 

[0074] A ?rst sensor 101 is adapted for communication 
With a control unit 160 via a line 51. The ?rst sensor 101 is 
a temperature sensor adapted to measure a temperature T1 of 
the heat source 140. Alternatively the ?rst sensor 101 is 
adapted to indirectly measure temperature T1 at the third 
layer 130. This is an indicative measurement of the actual 
temperature T1 of the heat source 140. The ?rst sensor is 
adapted to communicate the measured value T1 to the 
control unit 100. 

[0075] Asecond sensor 102 is adapted for communication 
With a control unit 160 via a line 52. The second sensor 102 
is a volume ?oW sensor adapted to measure a volume How 
of the medium provided betWeen the ?rst element 110 and 
the second element 150. Alternatively the second sensor 102 
is adapted to detect mass How of the medium provided 
betWeen the ?rst element 110 and the second element 150. 
Alternatively the second sensor 102 is a temperature sensor 
adapted to measure a temperature T2 of the medium. The 
temperature T2 of the medium is an indirect indication of a 
temperature of the heat source 140. The second sensor is 
adapted to communicate a measured value of a quantity or 
quality, as described above, to the control unit 160 via the 
line 52. One quantity can be pressure. By measuring the 
pressure P betWeen the ?rst element 110 and the second 
element 150, an indication of a corresponding mass ?oW or 
volume How can be calculated. The calculation can be 
performed in the control unit 160. According to one embodi 
ment the second sensor 102 is arranged to measure a speed 
of the medium being transferred from the ?rst element 110 
toWards the second element 150. 

[0076] As mentioned the third element 130 is grounded. 
The purpose of this is to protect the heat source 140 from 
possible capacitive discharge or static discharge Within the 
arrangement. 

[0077] The dielectric element 120 is adapted to serve as a 
barrier betWeen the electrically conductive ?rst element 110 
and the heat source 140, so as to protect the heat source 140 
from possible corona discharge. 

[0078] The heat source 140 can be any of a variety of 
different objects. For instance, according to one embodiment 
of the invention, the heat source is a central processing unit 
(CPU) or a chip provided in any apparatus, eg a computer, 
such as a micro-computer or a stationary PC or a laptop, CD 
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player, DVD-player, TV, video player (such as VHS), game 
pad, multimedia boX, or other stationary, portable or hand 
held devices. 

[0079] The heat source can be a condenser, capacitor, or 
radiator, either in the sphere of industry or in everyday 
situations. The heat source can be part of a Peltier element. 
The heat source can be provided by a heat pipe or a plurality 
of heat pipes as Will be described in further detail beloW. The 
heat source 140 can be a thermosyphon or a condenser in a 

Water cooling system. 

[0080] The heat source 140 can be provided in a heat 
pump, freeZer, refrigerator, microWave oven, thermo-elec 
trical refrigerator, or projector, such as an overhead, slide, or 
digital projector. 

[0081] The heat source 140 can be used in cellular phone 
applications or Within a radio base station, telephone sWitch 
board, telephone exchange or teletype exchange. 

[0082] Furthermore, the heat source 140 may be integrated 
in an air conditioning system, eg in a house, airplane or 
automobile. 

[0083] Alternatively, the heat source is an electronic com 
ponent such as a resistance, bobbin or iron core coil. 

[0084] Alternatively, the heat source is an engine. Alter 
natively, the heat source is provided in a brake system in, for 
eXample, an automobile. 

[0085] Alternatively, the heat source is a part of a resistor 
element used for heating a surrounding medium. 

[0086] The poWer source 100 is arranged to provide the 
voltage Vito the ?rst element 110. The voltage V1 is in the 
range of 1-100 kV. According to one embodiment V1 is in 
the range 10-50 kV. According to another embodiment V1 is 
in the range 30-40 kV. 

[0087] Herein it is described that the elements 130 and 
150, respectively, are set to ground. An alternative term for 
ground is earth. The ground can be a speci?ed, by a user 
chosen voltage. Ground preferably has a voltage of 0V. The 
voltage applied to the second element is a voltage V2. 
According to one embodiment V2 is equal to 0V. According 
to another embodiment V2 is equal to +5V. According to yet 
another embodiment V2 is equal to —5V. According to yet 
another embodiment V2 varies in the range betWeen —100V 
to +100V. According to one embodiment the voltage V2 is 
controllable by the control unit 160. 

[0088] The control unit 160 is adapted to control the 
poWer source 100 via a line 55. The control unit 160 is 
arranged to control the poWer source 100 in dependence of 
a ?rst signal S1. The control unit 160 is arranged to control 
the poWer source 100 in dependence of a second signal S2. 
Alternatively, the control unit 160 is arranged to control the 
poWer source 100 in dependence of both the ?rst signal S1 
and the second signal S2. The control unit 160 is arranged 
to control the applied voltage provided betWeen the ?rst 
element 110 and the second element 150 in a predetermined 
Way. For eXample the control unit 160 is arranged to regulate 
the heat transfer from the ?rst element 110. This can be made 
in various Ways. One Way is to transfer heat from the ?rst 
element 110 to keep the temperature T1 of the heat source 
at a constant level, for eXample 50 degrees Celsius, or 100 
degrees Celsius. 
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[0089] With reference to FIGS. 2-20 alternative arrange 
ments of the present invention are described. The arrange 
ments can be used in combinations for speci?c applications 
and are thus not limited to schematic illustrations as indi 
cated in said ?gures. 

[0090] Aprocess of transferring heat from the heat source 
140 to the ?rst element 110 and/or from the ?rst element to 
the ambient medium is knoWn as cooling or heat transfer. 

[0091] As high voltage is applied to the ?rst element 110 
from the high voltage poWer source 100, there is a direct 
injection of free charges into the ambient medium, knoWn as 
ioniZation. Furthermore, the ambient medium that is in 
direct contact With the ?rst element 110 becomes ioniZed, 
causing the laminar thermal boundary layer surrounding the 
?rst element 110 to become ioniZed and, consequently 
repelled, by coulombic forces, aWay from the ?rst element. 
This results in a disturbance of the loWer laminar thermal 
boundary located directly at the surface of the ?rst element 
110, thereby improving heat transfer since no protecting 
laminar thermal boundary layer is provided. 

[0092] FIG. 2 illustrates an embodiment of an arrange 
ment for cooling a heat source according to an aspect of the 
invention. FIG. 2 illustrates an alternative assembly of the 
arrangement illustrated in FIG. 1. Here no grounded elec 
trically conductive layer 130 is provided. The heat source 
140 is grounded. 

[0093] The second element 150, according to this embodi 
ment, is provided With a coating 152, Which functions as a 
catalyst. According to this embodiment the catalyst is gold 
(Au). Alternatively the catalyst can comprise Silver (Ag), 
Platinum (Pt) or Manganese Dioxide (MnO2). 

[0094] The coating 152 may alternatively be composed of 
Activated Carbon coatings, Manganese Oxide, Iodonium or 
Titanium Dioxide. 

[0095] The coating 152 is provided on the second element 
150 so as to reduce an amount of oZone created Within the 

electric ?eld E, for example in a case Where the medium is 
air. The oZone created in the electric ?eld E is moved 
toWards the second element 150, and thereby the coating 
152, by the ioniZed medium. At least a part of the oZone is 
converted to oxygen by the catalyst. 

[0096] According to this embodiment the heat source 140 
and the second element 150 are set to the same ground. 

[0097] FIG. 3 illustrates an embodiment of an arrange 
ment for cooling a heat source according to an aspect of the 
invention. 

[0098] This arrangement is similar to the system presented 
in FIG. 1. HoWever, the ?rst element 110 on the ?rst side of 
the dielectric medium 120 is provided With elongated ele 
ments 300. The elongated elements 300 have an elongated 
shape. The elongated elements 300 are attached to the ?rst 
element 110 at one end thereof. The pin elements can be 
pin-like or needle-like. The elongated elements 300 can 
either form part of the ?rst element 110 by being integrated 
moulded, or being ?xedly secured to the layer 110 by, for 
example, a Welding process. Preferably the elongated mem 
bers are composed of essentially the same material as the 
layer 110. 

[0099] The elongated elements 300 are oriented perpen 
dicular to the ?rst surface of the ?rst element 110. A length 

Jan. 12, 2006 

axis of the elongated elements 300, respectively, is aligned 
With a direction pointing toWards the second element 150 
from the ?rst element 110. 

[0100] A con?guration of the elongated elements 300 may 
vary. For example one elongated element 300 per square cm 
is provided on the ?rst element 110. The con?guration of the 
elongated elements 300 may be tailored. 

[0101] It should be noted that a surface structure of the 
?rst element 110 may vary. For example, it can be roughened 
or contain holes. Alternatively, considering the elongated 
elements provided on the ?rst element 110, elements having 
a semi-spherical shape can be attached to the ?rst element 
110, Wherein a ?at section thereof is attached to the surface 
of the ?rst element 110. 

[0102] According to one embodiment the ?rst element 110 
is a heat sink. A heat sink structure makes it is possible to 
transfer more heat from the ?rst element 110. An increased 
heat dissipation of its surface, by virtue of the fact that there 
is an increased surface area, is enabled. 

[0103] The second element 150 may be provided With 
elongated elements 302. The elongated elements 302 may 
essentially be equivalent to the elongated elements 300. The 
siZe of both the elements 300 and 302, respectively, may not 
be uniform but vary some. The elongated elements 302 are 
attached to the second element 150 in a Way similar to hoW 
the elongated elements 300 are attached to the ?rst element 
110. 

[0104] It should be noted that a surface structure of the 
second element 150 may vary. For example, it can be 
roughened or contain holes 153. According to one embodi 
ment the holes are through holes. According to one embodi 
ment the second element is provided With a plurality of 
apertures. TWo holes 153 are illustrated in the ?gure. 

[0105] The through holes are adapted to lead the moving 
medium from one side of the second element 150 to another 
side of the second element 150. Thereby the heated medium 
is transferred aWay from the heat source 140. 

[0106] FIG. 4 illustrates an embodiment of an arrange 
ment for cooling a heat source according to an aspect of the 
invention. 

[0107] An arrangement With reference to FIG. 4 illustrates 
a fan Which is provided so as to achieve a positive synergy 
effect of different aspects of heat transfer, namely to increase 
movement of the ioniZed heated medium toWards the second 
element 150 from the ?rst element 110. 

[0108] As illustrated in the ?gure the second element 150 
is provided in a vicinity of the ?rst element 110 at a ?rst side 
thereof. The fan 460 is provided at a second side of the ?rst 
element 110. 

[0109] FIG. 5 illustrates an embodiment of an arrange 
ment for cooling of a heat source according to an aspect of 
the invention. 

[0110] The fan 460 is arranged to move the ioniZed heated 
medium from the ?rst element 110 through holes provided 
in the second element 150 (not shoWn) by having a rotating 
direction enabling increased heat transfer from the ?rst 
element 110. 
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[0111] NoW referring to FIG. 6, Which illustrates an 
alternative embodiment of an arrangement for removing 
heat from a heat source according to an aspect of the 
invention, the fan 460 causes an increased transfer of the 
ioniZed heated medium from the ?rst element 110 toWards 
the second element 150, through the holes provided therein 
and aWay from the second element 150. 

[0112] FIG. 7 illustrates an embodiment of an arrange 
ment for removing heat from at least heat source according 
to an aspect of the invention. 

[0113] According to this embodiment of the invention a 
plurality of heat sources 140a, 140b and 140c are provided. 
It should be noted that the heat source 140c is not in physical 
contact With the third element as depicted With reference to 
for eXample FIG. 1. Heat is transferred via convection or 
radiation from the heat source 140c to the third element 130 
and the dielectric layer, and thus to the ?rst element 110, via 
a medium provided around the heat source 140c. 

[0114] According to one embodiment the arrangement 
comprises 10 heat sources 140a-j (not shoWn), Which are 
cooled off according to the present invention. 

[0115] FIG. 8 illustrates an embodiment of an arrange 
ment for removing heat from at least one heat source 
according to an aspect of the invention. 

[0116] The arrangement comprises a plurality of heat 
sources 140a-c and tWo ?rst element 110a and 110b. The 
poWer source 100 is arranged to provide a voltage Via to the 
?rst element 110a via a Wire 50a. The poWer source 100 is 
arranged to provide a voltage V1b to the ?rst element 110b 
via a Wire 50b. 

[0117] According to one embodiment of the voltages Via 
and V1b are equal. According to another embodiment the 
voltages Via and V1b are mutually different. According to 
yet another embodiment the voltages Via and V1b are 
independently controlled by the controller 160 (not shoWn) 
by means of the poWer source 100. 

[0118] FIG. 9 illustrates the embodiment of an arrange 
ment for removing heat from several heat sources according 
to an embodiment of the invention. 

[0119] Herein three heat sources 140a-c are to be cooled. 
The dielectric element 120 is provided With tWo ?rst ele 
ments 110a and 110b connected to the poWer source 100 via 
Wire 50a and 50b, respectively. TWo second elements 150a 
and 150b are provided. The poWer source 100 is adapted to 
apply a second voltage V2a to the second element 150a via 
a line 152a. The poWer source 100 is adapted to apply a 
second voltage V2b to the second element 150b via a line 
152b. The poWer source 100 is adapted to apply a ?rst 
voltage Via to the ?rst element 110a via the line 50a. The 
poWer source 100 is adapted to apply a ?rst voltage V1b to 
the ?rst element 110b via the line 50b. 

[0120] The control unit 160 is arranged to control the 
poWer source 100 via the Wire 55. The control unit is 
arranged to control the ?rst voltages V1a, V1b and the 
second voltages V2a, V2b. The control of the voltages V1a, 
V1b, V2a and V2b can be performed simultaneously. The 
control of the voltages V1a, V1b, V2a and V2b can be 
performed independently of each other. The control of the 
voltages V1a, V1b, V2a and V2b can be performed in 
dependence of measured information, such as a temperature 
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T4 measured at the ?rst element 110a by a temperature 
sensor 104. The temperature sensor 104 is adapted for 
communication With the control unit 160 by a line 54. 

[0121] Thus, the control unit 160 can control heat transfer 
from the ?rst elements 110a and 110b toWards the second 
elements 150a and 150b by controlling the poWer source 
100 to apply the voltages Via, V1b, V2a and V2b as 
described above. 

[0122] FIG. 10 illustrates the embodiment of an arrange 
ment for removing heat from a heat source according to an 
embodiment of the invention. 

[0123] TWo additional second elements 150c and 150d are 
provided on the dielectric element 120. The elements 150c 
and 150d are grounded. The heat source 140 is grounded. 
The elements 150c and 150d are provided so as to direct a 
How of the ioniZed medium in speci?c directions and thus 
serve as a complement to the second element 150. According 
to one embodiment the second elements 150c and 150d are 
elongated. 

[0124] According to one embodiment the element 150c 
and 150d are replaced by a cylinder 1506 (not shoWn) 
provided around the ?rst element 110. The cylinder 1506 is 
provided on the dielectric element 120. 

[0125] FIG. 11 illustrates the embodiment of an arrange 
ment for removing heat from a heat source With reference to 
FIG. 1. 

[0126] Herein an illustration of the electric ?eld is shoWn. 
As can be seen the electric ?eld E according to this embodi 
ment is essentially homogeneous betWeen the ?rst element 
110 and the second element 150. 

[0127] In contrast, FIG. 12 illustrates an embodiment of 
an arrangement for removing heat from a heat source 
according to an aspect of the invention Wherein an in 
homogeneous electric ?eld E is generated betWeen the ?rst 
element 110 and the second element 150 by applying a high 
voltage to the ?rst element 110, While the second element 
150 is earthed. Herein the second element 150 is relatively 
small in siZe compared With the ?rst element 110. According 
to this embodiment the second element 150 is elongated or 
needle-shaped. 

[0128] FIG. 13 illustrates an embodiment of an arrange 
ment for transferring heat from a heat source according to an 
aspect of the invention. 

[0129] A heat pipe 170 is attached to the heat source 140 
at a ?rst end thereof. The heat pipe is earthed. The heat pipe 
is arranged to transfer heat, Which heat is provided from the 
heat source. The heat pipe 170 is arranged to transfer heat 
from the ?rst end to a second end. At the second end of the 
heat pipe the dielectric element 120 is provided. The ?rst 
element 110 is in conductive contact With the dielectric 
element 120. The ?rst element 110 is a heat sink. 

[0130] The second element 150 is forming an earthen 
enclosure around the ?rst element 110. The second element 
is preferably provided With a plurality of through holes. 
When applying a high voltage V1 to the ?rst element 110 by 
means of the poWer source 100 a movement of the ioniZed 
medium heated by the ?rst element 110 is created. The 
heated ioniZed medium moves toWards the second element 
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and creates a volume ?oW through the holes in the second 
medium 150, thereby transferring heat from the ?rst element 
110. 

[0131] FIG. 14 illustrates an embodiment of an arrange 
ment for removing heat from a heat source according to an 
aspect of the invention. 

[0132] The heat pipe 170 is thermally coupled to the heat 
source 140 at a ?rst end thereof. The heat pipe is earthed. 
The heat pipe 170 is arranged to transfer heat from the ?rst 
end, Which heat is provided from the heat source, to a second 
end thereof according to a commonly knoWn operation. At 
the second end of the heat pipe the dielectric element 120 is 
provided. The ?rst element 110 is in thermal contact With the 
dielectric element 120. According to one embodiment the 
?rst element 110 is a plate. 

[0133] FIG. 15 illustrates an embodiment of an arrange 
ment for removing heat from a heat source according to an 
aspect of the invention. 

[0134] The dielectric element 175 and a dielectric ?uid 
provided inside the heat pipe Will serve as an insulator 
protecting against arching from the ?rst element 110 and the 
heat source 140. 

[0135] The arrangement is essentially identical to the 
arrangement With reference to FIG. 13. HoWever, the heat 
pipe 170 is provided With a dielectric element 175. The heat 
pipe provided With the dielectric element 175 is depicted in 
greater detail beloW. The dielectric element 120 is not 
provided. 
[0136] FIG. 16 schematically illustrates a heat pipe pro 
vided With a the ?rst element 110 according to an aspect of 
the invention. 

[0137] The heat pipe 170 is arranged to transfer heat from 
the heat source 140 (not shoWn) from a ?rst end to a second 
end thereof. The second end is provided With the ?rst 
element 110. The can be manufactured out of a conductive 
material such as Cupper Cu. The ?rst element 110 can be a 
heat sink. 

[0138] A dielectric element 175 is arranged betWeen the 
?rst and second end of the heat pipe 

[0139] FIG. 17 illustrates an embodiment of an arrange 
ment for removing heat from a heat source according to an 
aspect of the invention. 

[0140] The dielectric medium 120 is thermally coupled to 
the third element 130. The third element 130 is earthed. The 
third element 130 is formed as a closure open in one end, as 
shoWn in the ?gure. Alternatively the third element 130 is a 
closure comprising the depicted parts but the heat source 
140. The heat source 110 is in thermal contact With one side 
of the third element 130, Which is analogue to the teachings 
With reference to ?gures described above. The ?rst element 
110 has a triangular shape seen in a cross-sectional vieW. The 
?rst element 110 is a cone. Alternatively, the ?rst element 
110 is a tetrahedron. Alternatively, the ?rst element 110 is a 
spherical triangle. Alternatively, the ?rst element 110 is a 
frustum of right cone. 

[0141] The second element 150 is provided With a ?ange 
and is forming a cap. The second element 150 is provided 
With a plurality of through holes (not shoWn). The ?ange is 
composed of a dielectric material. The medium runs through 
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the arrangement along a helically con?gured path, as can be 
seen in the ?gure. The medium is heated and ioniZed as 
described above and further transferred toWards the second 
element 150. 

[0142] FIG. 18 illustrates an arrangement for transferring 
heat from a heat source according to an aspect of the 
invention. 

[0143] Three distanced elongated elements 300a, 300b 
and 300c are provided on the ?rst element 110, thereby 
creating separated electric ?elds E1, E2 and E3 respectively, 
When the ?rst voltage V1 is applied to the ?rst element 110. 

[0144] FIG. 19 illustrates an arrangement for transferring 
heat from a heat source according to an aspect of the 
invention. 

[0145] A similar set up of the arrangement as depicted 
With reference to FIG. 17 is shoWn in FIG. 20. HoWever, the 
medium has a How directed from a base of the ?rst element, 
along the surface of the ?rst element 110, toWards the second 
element 150. The ioniZation of the medium, as Well as heat 
transfer from the ?rst element 110 to the medium, takes 
place on or at the surface of the ?rst element 110. 

[0146] Herein the ?rst element 110 is a prism. Alterna 
tively, the ?rst element is an elongated element having a 
triangular cross section area. 

[0147] FIG. 20 illustrates an arrangement for transferring 
heat from a heat source according to an aspect of the 
invention. 

[0148] The arrangement illustrated in FIG. 20 is essen 
tially the same as the arrangement With reference to FIG. 19. 
HoWever, the arrangement according to FIG. 20 is provided 
With an inlet pipe 250 adapted to lead the medium through 
the third element 130 toWards the ?rst element 110. Fur 
thermore, the arrangement is provided With an outlet pipe 
251 ?Xedly secured to the second element 150 at one end, 
Which outlet pipe is adapted to lead the medium aWay from 
the second element 150. 

[0149] Alternatively, the outlet pipe 251 and the inlet pipe 
250 are detachable arranged. 

[0150] FIG. 21 illustrates tWo graphs NC1 and A1 indi 
cating hoW the temperature T of the heat source varies per 
unit time t during cooling, according to one embodiment. It 
should be noted that cooling ef?ciency hereby disclosed are 
eXamples for illustrative purposes only. The graphs plot test 
data collected for tWo different cooling methods under 
essentially the same conditions, Which is, for eXample, 
constant heating of the heat source 140 during cooling. The 
ambient temperature Was 23° C. The applied voltage is 30 
kV, ground potential is 0V. The temperature T of the heat 
source Was measured as a function of time t. 

[0151] A ?rst graph NC1 illustrates the case of natural 
convection. The temperature of the heat source stabiliZes at 
a temperature T2 after t2 minutes. 

[0152] A second graph A1 illustrates the case of cooling 
according to an embodiment of the present invention (FIG. 
1). The temperature of the heated object stabiliZes, or levels 
out, at a temperature T1 after t1 minutes. Here, an amount 
of cooling of the heat source 140 is essentially equal an 
amount of heat provided to the heat source 140. 








