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(54) Device for heat transfer by compression and expansion of gases

(57) A heat transfer device comprises two sub-sys-
tems, separated by a movable element, for instance a |

piston (P). The first sub-system is near the element (1) V000000007777 )
to be cooled and in thermal contact with said element - A g 2
(1) and comprises a first chamber (4) comprising a sat-
urated gas, the second sub-system comprises a second
chamber (18) in thermal contact with a cooled surface,
the first and second chamber (4,18) being separated by
the movable element (P). In the second chamber (18) a
second gas is present which condenses on a cold sur-
face when the second gas is pressurized by the mova-
ble element (P). Conduits lead the condensed liquid
towards the element (1) to be cooled. The liquid evapo-
rates in a third chamber (3) in thermal contact with the
element (1) to be cooled and the first chamber (4). This
preferred embodiment enables in a simple, yet efficient
and reliable manner to provide a movable element (P)
which separates the two gases, while also moving with
little friction.
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Description

[0001] This invention relates to a device for heat
transfer from an element to be cooled to a heat
exchanger.

[0002] Devices for heat transfer called caloducts
and more and more performing heat exchangers have
been on the market since approximately 20 years. The
known devices often use a cycle in which an element
(such as a refrigerator or a pump or any device which
needs to be cooled) is cooled by a compression-evapo-
ration cycle or compression-expansion cycle. The
known devices, however, are limited in the amount of
heat (calories) they are able to transport in a given vol-
ume.

[0003] In addition to this, in many cases their effi-
ciency is dependent on their position, i.e. whether they
are vertically or horizontally oriented (or in an intermedi-
ary position).

[0004] Also the known devices for heat transfer rely
on the use of pumps to drive the compression-expan-
sion cycle which pumps take up space, require outside
energy supply and may break down and furthermore
form sources of heat.

[0005] The present invention has as an object
increase the heat transport density, i.e. the amount of
heat that can be transported in a given volume and with-
out requiring external energy supply.

[0006] To this end the device in accordance with the
invention comprises a first chamber in which a satu-
rated gas is enclosed said chamber being in thermal
contact with the element to be cooled, a second cham-
ber in which a second gas is enclosed, the second
chamber having a condensation surface and means for
cooling the condensation surface, the two chambers
being separated by a movable element, the device fur-
ther comprising a means to transport condensed fluid of
the second gas from the condensation surface to the
element to be cooled in a third chamber, the first cham-
ber being also in thermal contact with the third chamber
and a means for returning second gas from the third to
the second chamber in the gaseous phase.

[0007] The principle mode of operation of the
device is as follows:

[0008] The saturated gas is heated by the element
to be cooled. This will greatly increase the pressure in
the first chamber, causing the movable element to move
and compress the second gas in the second chamber.
This will cause the second gas will liquefy at the con-
densation surface, and because of the increased pres-
sure in the second chamber the liquid will be
transported by the one-way transport means to the ele-
ment to be cooled. The liquid will evaporate in the third
chamber, cooling the element to be cooled, but also the
first chamber. This evaporation increases the pressure
in the third chamber, causing the second gas to be
forced into the second chamber, at the same time
decreasing (because the first gas is cooled) the pres-
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sure in the first chamber. The movable element will
move back, the saturated gas wilt be heated again, so
that the pressure in the first chamber is increased which
will start the cycle again. The result is that a evapora-
tion-cooling cycle is started which is in fact driven by the
heat supply. A very efficient cooling results. There are
no external sources of energy, such as pumps neces-
sary. The movable element separates the two chambers
and thus separates the two gases preventing mixing of
the two gases. Such mixing may have a negative effect
on the cooling efficiency of the device. Preferably the
device comprises a piston having a high magnetic coer-
civity and a magnetisable liquid is used for sealing. This
preferred embodiment enables in a simple, yet efficient
and reliable manner to provide a movable element
which separates the two gases, while also moving with
little friction.

[0009] The present innovation permits an increased
amount of heat to be transported in a very small volume
and the possibility of precise adjustment and work, reg-
ulated by the feedback of liquid from the condensation
side. Preferably the means to transport and/or the
means for returning comprise one-way systems for
instance one-way valves.

[0010] Such systems ensure that the flow of mate-
rial is and cannot but be in the desired direction. This
increases the efficiency of the device.

[0011] Preferably a part of the first chamber being
close to the element to be cooled, and removed from
the second chamber, is thermally isolated from the third
chamber.

[0012] This has the advantage that, when the vol-
ume of the first chamber is small (i.e. during the part of
the cycle in which the saturated gas is to be heated to
move the movable element back towards the second
chamber), the first chamber is not cooled by the second
gas in the third chamber. The saturated gas will be rap-
idly heated, which increases the speed of expansion in
the first chamber.

[0013] These and further aspects of the invention
will be further explained and illustrated by means of the
figures in which a preferred embodiment of the device is
schematically shown.

Figure 1 shows schematically a device according to
the invention

Figure 2 illustrates the operation of a device accord-
ing to the invention.

[0014] For ease of understanding in the further dis-
cussion the first chamber will be described as 'expan-
sion chamber', the second chamber as 'condensation
chamber' and the third chamber as 'evaporation cham-
ber'. The first gas will be described as 'saturated gas’,
the second gas as 'refrigerant gas'.

[0015] Figure 1 shows schematically a device
according to the invention. In the figure 1:
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1. is the element to be cooled

2. is an element made of thermally isolating mate-
rial surrounding the upper (i.e. near the element
1) part of the expansion chamber;

3. is the third chamber (evaporation chamber) in
which the refrigerant gas evaporates;

4, is the first chamber (expansion chamber) for the
saturated gas expansion;

P. is the movable element, in this exemplary and

preferred embodiment formed a part by a pis-
ton, which piston comprises two sub-pistons, a
sub-piston comprising parts 5, 6 and 7 for trans-
mission of forces, and a sub-piston comprising
part 10 for compression of gas in the second

chamber 18.

5. A part of the piston for transmission of forces.
This piston has a given magnetic polarity;

6. is the opposed part of the same piston with the
inverse magnetic polarity;

7. is the volume reserved to a magnetisable liquid
for sealing.

8. schematically indicates caverns and magnetic
forces that keep the magnetisable liquid in
place;

9. anti-frictional surface of the compression part
(10) providing boundary lubrication

10. is a part of the piston to compress the refriger-
ant gas;

11. is a one-way (diode) valve for the letting gas in

from chamber 3 into chamber 18 (the second
chamber) when the movable element P moves
towards element 1 (expansion in the second
chamber 18);

12. is a one-way (diode) valve for letting condensed
gas out of chamber 18 during the compression
stage of the second chamber 18 (when mova-
ble element P moves towards part 14;

13. are cooling conductors of the heat exchanger
with the external part;

14. is the inlet and outlet conduct of the cold
source;

15. is a volume reserved to the condensed liquid;

16. is a spongy part which, due to capillary action
transports the liquid to part 17;

17. is the inlet of the liquid in the evaporation cham-
ber 3;

18. is the second (condensation) chamber.

[0016] The expansion chamber 4 comprises a satu-

rated gas, able to exert a big pressure under the action
of an increase of temperature. This gas will be rapidly
cooled in its expansion phase by thermal contact with
the third chamber. This heat exchange forces the gas in
the first chamber to re-contract to its initial position. A
movable element, preferably a special piston as shown
in figure 1, transmits the expansion force towards the
second condensation chamber. The device according to
the invention therefor forms a kind of caloduct (heat
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conduction duct) in which two gases are used, one
expanded by temperature in the expansion chamber 3,
the other compressed by the first in the condensation
chamber 18. Additionally, the two gases interact in com-
pression - expansion, via a movable element P, acting
as a force transmitter that forms a part this device. The
movable element separates the two chambers and thus
separates the two gases preventing mixing of the two
gases. Such mixing may have a negative effect on the
cooling efficiency of the device.

[0017] The element P is preferably a piston having
two elements, preferably double inverse cones 5 and 6
that are bound to each other, preferably by means of
magnetic forces. For that end the cones preferably have
a very high magnetic coercivity. The elements 5 and 6
are preferably made of a material having a high mag-
netic coercitivity and contains a magnetisable liquid,
around its middle, facilitating in this way the translation
of the piston forming at the same time hermetic seals.
This preferred embodiment enables in a simple, yet effi-
cient and reliable manner to provide a movable element
which separates the two gases, while also moving with
little friction.

[0018] Losses of magnetisable liquid on the walls of
this piston can be reduced or minimized or even elimi-
nated using one or more of three effects:

- The cones have poles formed by permanent mag-
nets and reciprocally attracted, the magnetisable
liquid being placed between these poles.

- The walls of the part in which the piston is moving
have a high degree of the polishing. This reduces
the ruggedness of the walls. The magnetisable fluid
preferably has a very strong superficial tension to
counteract the counter-forces of the gases acting in
a synergetic way within small tolerances. This com-
bined with the high degree of polishing ensures a
smooth operation of the piston (thus little losses
due to friction) while still maintaining a good sealing
action between the first and second chamber.

- The internal walls of the cones are rough and are
provided with caverns. Said caverns increase the
attraction, more in particular by increasing superfi-
cial tension and magnetic forces due to magnetic
effects, providing thus a capacity for retaining the
magnetisable liquid. This ensures that the magnet-
isable liquid remains attached to the cones and
does not stick to the walls or is lost in any other way.
A loss of magnetisable liquid could jeopardize the
sealing action of it. Mercury is preferred as a
liquid metal because it remains liquid even at low
temperatures.

[0019] The condensation chamber 18 interacts with
the piston 10 for transmission of forces in the following

way:

1. The compression piston 10 is attached to a part
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of the transmission piston (parts 5, 6, 7) to which it
is bound on the side of the condensation chamber
18.

2. This piston 10 is preferably internally so formed
that the bottom of its cylinder offers a maximum sur-
face for cooling and that its diameter is the same as
the diameter of the expansion chamber 4 of the sat-
urated gas. Using other internal shapes, compres-
sion in two stages is also possible.

3. The cylinder and the piston are preferably made
of special materials which do not appreciably
expand in the limits of temperature and under the
given pressures. The sides of the compressing pis-
ton, preferably as an added precautionary meas-
ure, form an anti-frictional surface by boundary
lubrication or solid lubrication, which is obtained by
adding e.g. an additive on the basis of MoS,
(Molybdene Bisulphite) to the ceramic material.

[0020] At the moment of the compression phase
(when piston 10 is at position 10" indicated in figure 2),
the cooling of an exterior source via part 14 ensures the
condensation of the refrigerant gas in second chamber
18 because the bottom is overcooled. The liquid is
transported, via the valve 12, the chamber 15 and the
ducts 16 in the third chamber 3, also called gazificator,
which is situated around at least a part of the expansion
chamber 4 of the saturated gases. This cools the satu-
rated gas in chamber 4, leading to a contraction of the
gas in chamber 4 so that the piston moves upwards
towards element 1 (to or near to extreme position 5' in
figure 2). This movement of the piston also causes gas
to return from chamber 3, via valve 11 to chamber 18. At
the extreme position 5' the gases in the chamber 4 are
no longer or at least to a much smaller degree cooled by
the evaporating gases in chamber 3. In particular, in this
preferred embodiment, the part 2 made of thermally iso-
lating material ensures that the gas in chamber 4 is
hardly cooled, but instead, due to element 1 heated.
This leads to a rapid expansion of the saturated gas in
chamber 4, pushing movable element P away from ele-
ment 1. This causes cooling of the saturated gas in
chamber 4, condensation of gas in chamber 18, which
condensed liquid then leaves chamber 18 via valve 12
as explained above, after which the cycle recom-
mences.

[0021] The device therefor is a self-contained
device in which a refrigerant gas is cycled not needing
any outside energy supply, because the energy for the
cycle is in fact supplied by heat from element 1. This
enables very compact designs enabling higher refriger-
ating power per volume, no electrical leads to the out-
side world and less break-down. Cooling of the
condensor 14 can be done by circulation of cooling lig-
uid.

[0022] It will be clear that, within the framework of
the invention many variations are possible. So is, in the
shown preferred exemplary embodiments, the movable
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element formed by a special preferred piston. This is,
however, for the invention in its broadest sense not to be
regarded as a restriction.

Summarized the invention can be described as follows.

[0023] A heat transfer device comprises two sub-
systems, separated by a movable element P, for
instance a piston. The first sub-system is near the ele-
ment to be cooled and in thermal contact with said ele-
ment and comprises a first chamber comprising a
saturated gas, the second sub-system comprises a sec-
ond chamber in thermal contact with a cooled surface,
the first and second chamber being separated by the
movable element. In the second chamber a second gas
is present which condenses on the cooled surface when
the second gas is pressurized by the movable element.
Conduits lead the condensed liquid from the second
chamber towards the element to be cooled. The liquid
evaporates in a third chamber in thermal contact with
the element to be cooled and the first chamber. Prefer-
ably the device comprises a piston having a high mag-
netic coercivity (thus generating a strong magnetic field)
and a magnetisable liquid is used for sealing. This pre-
ferred embodiment enables in a simple, yet efficient and
reliable manner to provide a movable element which
separates the two gases, while also moving with little
friction.

Claims

1. A device for heat transfer from an element to be
cooled to a heat exchanger, characterized in that
the device comprises a first chamber in which a sat-
urated gas is enclosed said chamber being in ther-
mal contact with the element to be cooled, a second
chamber in which a second gas is enclosed, the
second chamber having a condensation surface
and means for cooling the condensation surface,
the two chambers being separated by a movable
element, the device further comprising a means to
transport condensed fluid of the second gas from
the condensation surface to the element to be
cooled in a third chamber, the first chamber being
also in thermal contact with the third chamber and a
means for returning second gas from the third to the
second chamber in the gaseous phase.

2. Device as claimed in claim 1, characterized in that
the means to transport and/or the means for return-
ing comprise one-way valves.

3. Device as claimed in claim 1 or 2, characterized in
that a part of the first chamber being close to the
element to be cooled, and removed from the sec-
ond chamber, is thermally isolated from the third
chamber.
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Device as claimed in claims 1, 2 or 3, characterized
in that the movable element comprises a piston with
a strong magnetic coercivity and having a magnet-
isable liquid.

5

Device as claimed in claim 4, characterized in that

the piston comprises two permanent magnets and

a liquid metal to form a movable seal between the

first and second chamber.
10

Device as claimed in claim 5, characterized in that

the permanent magnets are cone-shaped.
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