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Description

The invention relates to a device and a method for low-

temperature refrigeration.

The invention relates more particularly to a device for low-
temperature refrigeration between -100°C and -273°C comprising
a working circuit containing a working fluid, the device being
intended to extract heat from at least one component by heat
exchange with the working fluid circulating in the working
circuit, the working circuit comprising in series: a mechanism
for compression of the fluid, ©preferably isentropic or
substantially isentropic, a mechanism for cooling of the fluid,
preferably isobaric or substantially isobaric, a mechanism for
expansion of the fluid, preferably isentropic or substantially
isentropic, and a mechanism for heating of the fluid, preferably
isobaric or substantially isobaric, in which the compression
mechanism 1is of the type with centrifugal compression and
consists of two compression stages, a first compression stage
and a second compression stage respectively arranged in series
in the circuit, the device comprising two respective electric
drive motors of the two compression stages, and the expansion
mechanism consists of a turbine coupled to the motor of one of

the compression stages.

The invention relates in particular to refrigerators with a so-

called "Turbo Brayton" cycle or "Turbo Brayton coolers".

The invention relates in particular to cryogenic refrigerators,
i.e. reaching temperatures less than or equal to -100°C or 173K
for example notably between -100°C and -273°C.

Document JP3928230B2 describes a refrigerator of the Turbo-
Brayton type using a high-speed motor, with a turbine and a
compressor located respectively at the two ends of its drive
shaft.
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To improve the energy efficiency of a refrigerator, one solution
consists of wusing one or more high-efficiency centrifugal
compressors. A centrifugal compressor attains high efficiency
if its specific speed is equal to or close to the optimum value.
The optimum wvalue 1is determined experimentally by a person
skilled in the art by collecting the measurements of efficiency
of a large number of centrifugal compressors having different
specific speeds. It is typically 0.75 when it is calculated with

the system of units defined hereunder.

If this specific speed is above or below the optimum value, the
efficiency 1s lower. The specific speed ws of a centrifugal

compressor is defined by the following formula: ws = w.Q%®/Ahs?-7°

in which w is the rotary speed of the compressor in radians per
second, Q is the volume flow rate at compressor inlet in m3/s
and Ahs is the increase in enthalpy through the compression

stage (in J/kg) assuming the compression to be isentropic.

A known device is illustrated in Fig. 1. A single motor 2 drives
a compressor 13 and a turbine 8. The inventors found that this
type of device does not allow the compressor to be operated at
a good specific speed. In fact, the low volume flow rate inherent
in this architecture leads to a low specific speed relative to

the optimum wvalue.

Another known solution, illustrated in Fig. 2, consists of using
a second motor 7 with a centrifugal compressor at one of its
ends, and placing this machine upstream of the compressor 13

already present.

Since there is a change in optimum overall enthalpy Ahs with
respect to the refrigerator, the latter is not modified relative
to the prior art. This novel architecture makes it possible to
distribute the change in overall enthalpy Ahs over the two
compression stages 4, 13 and consequently reduce the change in

enthalpy Ahs of one compression stage and increase the specific
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speed of the two compression stages 4, 13 and approach or reach

the optimum specific speed.

However, the inventors found that, in practice, this improvement
only benefits the first compression stage 4. In fact 1f the
first compression stage 4 operates at the optimum specific
speed, the second compression stage 13 will operate at a specific
speed typically of half the optimum specific speed. This has an
effect on the efficiency of this stage (typically ten points
lower efficiency) and consequently has a strong influence on the

overall efficiency of the refrigerator.

This can be demonstrated in the following example of calculation
(in which it is assumed that the mechanical power and the rotary

speed of the two motors 2, 7 are identical).

In this example, the mechanical power P2 of the second
compression stage 13 1is equal to 150% of the mechanical power
Pl of the first compression stage 4 owing to the presence of the
turbine 8, which typically helps the second motor 2 to raise the
power of the motor by 50%. Since the mechanical power of a
centrifugal compressor P is equal to the product of the mass
flow rate m times the increase in enthalpy Ah (P=m.Ah) and the
mass flow rate of the two compression stages is identical, then
the increase in enthalpy of the second compression stage Ah2 is
equal to 150% of the increase in enthalpy of the first
compression stage: Ah2 = 150% Ahl.

Ah being the real (measured) increase in enthalpy through the
compression stage (in J/kg) (i.e. compression is not necessarily

isentropic).

If in addition it is assumed that the efficiencies of the two

compression stages are identical, then Ahs2 = 150% Ahsl.

The volume flow rate Q2 of the second compression stage 13 1is

equal to 56% of the volume flow rate Q1 of the first compression
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stage because the compression ratio 1is typically 1.8 at the

level of the first compression stage 4: Q2 = 56% Q1.

The specific speed wsl of the first compression stage 4 is equal
to w.Q1%535 / Ahs109-75,

The specific speed ws2 of the second compression stage 13 is
therefore equal to ws2 = w.Q2%5/Ahs20-75 = w. (56%Q01)9-3/(150%
Ahs1)0-75 = 55% ,w.Q1%-5/Ahs10-75 = 55% . wsl.

Assuming that the specific speed wsl of the first compression
stage is equal to the optimum specific speed, the second stage

operates at 55% of the optimum specific speed.

This does not allow the efficiency of the system to be optimized.
Document JP2006118773A also discloses a device according to the

preamble of Claim 1.

One aim of the present invention is to overcome some or all of

the drawbacks of the prior art described above.

For this purpose, the device according to the invention,
moreover complying with the general definition given in the
above preamble, i1s essentially characterized in that the turbine
of the expansion mechanism is coupled to the drive motor of the

first compression stage.

That is, the device may be a refrigerator with a reverse Brayton
cycle using a centrifugal compressor with two stages mounted in
series and two motors, preferably electric, for driving the
compressors. The low-pressure stage (first compressor) and the
expansion turbine are mounted on the rotor of one and the same
motor (first motor) and the high-pressure stage is mounted on

the rotor of the second motor.

Furthermore, embodiments of the invention may comprise one or

more of the following features:
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— the electric drive motor of the first compression stage
comprises an output shaft, one end of which carries the first
compression stage and causes 1t to rotate by direct coupling and
the other end of which 1is caused to rotate by the turbine by

direct coupling,

— the two motors are identical or similar,

— the cooling mechanism comprises an 1intermediate cooling
exchanger located between the first compression stage and the
second compression stage, for cooling the fluid leaving the
first compression stage before it enters the second compression

stage,

— the motors are high-speed motors, i.e. motors for which the
product of the power P in kW times the speed N in revolutions

per minute squared (P.N?) is between 5.10%% and 5.1012

— the rotary speed of the two motors is identical,

— the mechanical power of the two motors is identical,

— the drive motor of the second compression stage also
mechanically drives a circulating pump or additional compressor
configured for circulating a cooling fluid of the motor or

motors,

— the two compression stages each consist of a centrifugal
compressor possessing an optimum specific speed determined by
maximizing the energy efficiency of the compressor, the device
being configured to maintain the specific speed of the
compressors between 70% and 130% and preferably between 80% and
120% of the optimum specific speed and even more preferably

between 90% and 110% of the optimum specific speed,

— the two compression stages consist of centrifugal
compressors each possessing an optimum specific speed determined

by maximizing the energy efficiency of the compressor, each
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compressor possessing a defined volume flow rate and a defined
mechanical power, the ratio of the volume flow rate of the first
compressor to the volume flow rate of the second compressor
being between 1.1 and 2.5 and preferably equal to 1.8 and the
ratio of the mechanical power driving the first compressor to
the mechanical power driving the second compressor being between
1.1 and 2.5 and preferably equal to 1.5 and the ratio of the
rotary speeds of the two motors being between 0.5 and 1.5 and

preferably equal to 1,

- the device comprises an electronic unit for controlling the
device and comprises a unit for data storage and processing, the
electronic control unit being configured notably for controlling

at least one of the motors,

— the working circuit is preferably closed,

— the two motors are of the electric type,

— the motors possess the same electromagnetic stators and/or
the same electromagnetic rotors and/or the same bearings and/or

the same cooling systems,

— the cooling mechanism comprises at least one cooling
exchanger located between the second compression stage and the
turbine, for cooling the fluid leaving the second compression

stage before it enters the turbine,

— at least one of the cooling exchangers is a countercurrent
exchanger also providing heat exchange with the working fluid
after it leaves the turbine and/or after heat exchange with the

component to be cooled

— the drive motor of the second compression stage comprises
an output shaft that carries the second compression stage and

causes its rotation by direct coupling,
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- the expansion turbine or turbines are of the type with

centripetal expansion,

- the output shafts of the motors are mounted on bearings of
the magnetic type or of the gas dynamic type, said bearings
being used for supporting the compressors and turbine

respectively,

— the heating mechanism comprises a common heat exchanger
through which the working fluid passes 1in countercurrent

depending on whether it is cooled or heated,

- the working circuit comprises a reservoir forming a buffer

tank for storage of the working fluid,

— the working fluid is in the gas phase and consists of a
pure gas or a mixture of pure gases from: helium, neon, nitrogen,
oxXygen, argon, carbon monoxide, methane, or any other suitable
fluid,

- the working fluid 1s submitted in the <circuit to a
thermodynamic working cycle (temperature T, entropy S) of the

reverse Ericsson type.

- The invention also relates to a method according to Claim
13 of refrigeration of a cold source using a refrigerating device
according to any one of Claims 1 to 12, in which heat exchange
takes place between the working fluid cooled after it leaves the

expansion mechanism and the component to be cooled.

According to other possible particular features:

- the specific speed of the compressors is maintained between
70% and 130% and preferably between 80% and 120% and even more
preferably between ©90% and 110% of their optimum specific

speeds.
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The invention may also relate to any alternative device or method
comprising any combination of the features presented above or

hereunder.

Other particular features and advantages will become clearer on
reading the following description, referring to the figures, in

which:

— Fig. 1 shows a schematic partial view illustrating the
construction and operation of a refrigerating device according

to a first embodiment example from the prior art,

— Fig. 2 shows a schematic partial view illustrating the
construction and operation of a refrigerating device according

to a second embodiment example from the prior art,

— Fig. 3 shows a schematic partial view illustrating the
construction and operation of a refrigerating device according

to a possible embodiment example of the invention.

The low-temperature refrigerating device (between -100°C and -
273°C and for example cryogenic) shown in Fig. 3 comprises a
closed working circuit 10 containing a working fluid submitted
to a thermodynamic c¢ycle during which the fluid reaches a
cryogenic temperature. The cooled working fluid undergoes heat
exchange with a component or fluid 15 to extract heat from it

(for example directly or via a heat exchanger 9).

The working circuit 10 comprises, arranged 1n series: a
mechanism for compression of the fluid 13, 4 (preferably
isentropic or substantially isentropic), a mechanism for cooling
the fluid 3, 5, 6 (preferably isobaric or substantially
isobaric), a mechanism 8 for expansion of the fluid (preferably
isentropic or substantially isentropic) and a mechanism 9, 6 for
heating the fluid (preferably isobaric or substantially

isobaric).
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The compression mechanism is of the type with centrifugal

compression.

The compression mechanism consists of two compression stages 13,
4 (i.e. two compressors) respectively a first compression stage
13 and a second compression stage 4 arranged 1in series in the
circuit 10. That is, the device comprises, for the compression,
only two compressors, that 1s two wheels which compress the

working fluid.

The device 1 comprises two motors 2, 7, preferably electric, for

driving the two compression stages 13, 4 respectively.

The expansion mechanism consists of a turbine 8 (preferably of
the centripetal type) driving the motor 2 (coupled to the motor)
of the first compression stage 13. The turbine 8 of the expansion
mechanism helps the motor 2 to drive the first compression stage
(i.e. the drive motor 2 of the first compressor 13 of the two
compressors 1in series). That 1is, the compressor uses and

comprises only one expansion turbine.

Thus, the device uses two motors 2, 7 and the second motor
drives, only at one of its ends, a second centrifugal compressor
4. This second compressor 4 is located downstream of the first
compressor 13 (downstream refers to the direction of circulation

of the working fluid in the circuit 10).

This novel architecture makes 1t possible to distribute the
overall increase in enthalpy Ahs over the two compression stages
and consequently makes it possible to reduce the increase in
enthalpy Ahs of one stage and increase the specific speed of the
compression stages to get closer to the optimum specific speed

for each compressor.

The overall increase in enthalpy Ahs is not altered relative to

the prior art in Fig. 2.
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This overall increase in enthalpy Ahs is distributed between the
two compression stages 13, 4, again making it possible to
increase the specific speed of the compression stages and

approach or reach the optimum specific speed.

Owing to this novel architecture, the two compression stages 13,
4 can operate close to or at the optimum specific speed (and not

only the first stage as was the case in the prior art).

This can be illustrated in the following example of calculation,
where 1t 1s assumed that the mechanical power and the rotary

speed w of the two motors 2, 7 are identical.

In this example, the mechanical power Pl of the first compression
stage is equal to 150% of the mechanical power P2 of the second
compression stage due to the presence of the turbine 8 which

typically helps the first motor 2 to raise its power by 50%.

Since the mechanical power P is equal to the product of the mass
flow rate m times the increase in enthalpy Ah (P=m.Ah), and the
mass flow rate of the two compression stages is identical, the
increase in enthalpy Ahl of the first compression stage is equal
to 150% of the increase in enthalpy of the second compression
stage Ah2, i.e. Ahl = 150%Ah2:

If, moreover, it is assumed that the efficiencies of the two

compression stages are identical then Ahsl = 150%Ahs2.

The volume flow rate Q1 of the first compression stage 13 1is
equal to 180% of the volume flow rate Q2 of the second
compression stage because the compression ratio is typically 1.8
at the level of the first compression stage. That is: Q1 = 180%
Q2.

The specific speed wsl of the first compression stage 1s given
by wsl= w.Q19-3/Ahs10-75 = w. (180%Q2)0-5/(150%Ahs2)0-7°
=99%.w.Q209-5/Ahs29-75 = 99%.ws2.
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Assuming that the specific speed ws2 of the second compression
stage 1s equal to the optimum specific speed, the first stage

operates at 99% of the optimum specific speed.

That 1is, the specific speeds wsl, ws2 of the first and second
compressor 13, 4 (which are identical) are equal to 99% to 100%

of the optimum specific speed.

Thus, the architecture according to the invention makes it
possible to operate the device in such a way that the two

compression stages 13, 4 operate at the optimum specific speed.

In the example given above the two motors 2, 7 are identical,
the speeds w of the two motors 2, 7 are identical and the
specific speeds ws of the two compressors 13, 4 are identical

and optimum.

Of course, the two compression stages 13, 4 may be controlled
to different speeds to operate close to or at the optimum
specific speed also in the case when the mechanical power and/or

the rotary speed of the two motors are different.

The energy efficiency of the refrigerating device 1s thus

improved relative to the prior art.

The refrigerating device 1 illustrated in Fig. 3 mainly consists
of a first compression stage 13 (rotary compressor) whose rotor
is driven by the first high-speed motor 2. High-speed motor
means a motor for which the product of the power P in kW times
the speed N in revolutions per minute squared (P.N?) is greater
than 5.101% (for example between 5.101% and 5.10%2), This first
high-speed motor 2 also receives, at the other end of its
rotating shaft, the expander 8 (expansion turbine, preferably
centripetal) which helps motor 2 to drive the first compression
stage 13. The device comprises a second compression stage 4

whose rotor is driven by the second high-speed motor 7.
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The first compression stage 13 compresses the working fluid (a
gas or a gas mixture) starting from a low pressure (typically a
gas at a pressure of 5 bar abs and a temperature of 15°C). The
first compression stage 13 transfers the compressed gas via a
pipe 12 of the circuit 10 (for example at a pressure of 9 bar
abs and a temperature of 77°C). Preferably a cooling exchanger
3 ("intercooler") for removing all or part of the heat of
compression (typically to 15°C for example) can be mounted on
this "medium-pressure"” pipe 12. The cooling exchanger 3 provides
for example direct or 1indirect heat exchange with a heat-

transfer fluid.

That is, downstream of this cooling exchanger 3, compression of

the working gas may be described as isothermal.

The second compression stage 4 then compresses the working fluid
starting from medium pressure (typically 9 bar abs and 15°C) and
transfers it, via a pipe 11 (typically at a pressure of 13.5 bar
abs and a temperature of 56°C). This so-called "high-pressure"
pipe 11 preferably comprises a heat exchanger 5 ("intercooler")
for removing all or part of the heat of the second compression
(cooling typically to 15°C for example). The cooling exchanger
5 provides for example direct or indirect heat exchange with a
heat-transfer fluid. That 1is, downstream of this cooling
exchanger 5, compression of the working gas may be described as

isothermal.

The working fluid is then cooled in an exchanger 6 (for example
typically to -145°C). This exchanger 6 may be a countercurrent
exchanger, providing heat exchange between the relatively hot
working gas at the end of compression and the relatively cold
working gas after expansion and heat exchange with the component
15 to be cooled.

The working fluid is then admitted into the expansion stage
(turbine 8), which expands the working fluid starting from high
pressure (typically 13.5 bar abs and a temperature of -145°C)

to a low pressure (typically 5 bar abs and a temperature of -
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175°C) . The expanded working fluid is then transferred via a
pipe into a heat exchanger 9 used for extracting heat from the
fluid, for example to cool an object or fluid 15. The temperature
of the fluid rises in this exchanger 9 (for example typically
to -145°C).

The working fluid may then be heated in the aforementioned

countercurrent heat exchanger 6 (for example typically to 15°C).

The compression ratios of the two compression stages 13, 4 may
be selected so that the specific speed ws of the two compression

stages 1is as close as possible to the optimum value.

The compression ratios of the compressors 13, 4 may preferably
be selected so that the motors 2 and 7 are identical. That 1is,
for example, the stator and/or the rotor and/or the bearings of

the motors are identical.

Thus, "identical or similar motor" denotes motors that are
strictly iddentical or are different but have similar or
identical technical characteristics (work supplied, etc.),
notably their maximum torques are equal or approximately equal.
For example, the work-generating mechanisms of the motors are
identical or have performance that is identical or close to
130%.

This standardization of the motors 2, 7 also offers advantages
in terms of maintenance (smaller number of different components,

lower cost of production owing to the scale effect).

Although of simple and inexpensive construction, the invention
makes it possible to improve the efficiency of refrigerating

devices.
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Patentkrav

1. Anordning til keling ved en lav temperatur mellem -100 °C
og -273 °C, hvilken anordning omfatter et arbejdskredsleb (10),
der indeholder et arbejdsfluidum, idet anordningen er beregnet
til at udvinde varme fra mindst et element (15) ved udveksling
aft varme med det arbejdsfluidum, der cirkulerer i
arbejdskredslgbet (10), hvilket arbejdskredslob (10) omfatter,
i serie: en mekanisme (13) til fortrinsvis isentropisk eller 1
det vasentlige isentropisk kompression af fluidummet, en
mekanisme til fortrinsvis isobarisk eller 1 det wvasentlige
isobarisk keling af fluidummet, en mekanisme (8) til fortrinsvis
isentropisk eller 1 det vasentlige isentropisk ekspansion af
fluidummet og en mekanisme (9, 6) til fortrinsvis isobarisk
eller 1 det vasentlige isobarisk opvarmning af fluidummet, hvor
kompressionsmekanismen (13, 4) er af
centrifugalkompressionstypen og udgeres af to kompressionstrin
(13, 4), nemlig et forste kompressionstrin (13) og et andet
kompressionstrin (4), der er placeret i serie i kredslgbet (10),
dvs., at anordningen kun har to kompressorer (13, 4), der hver
udger et af de to kompressionstrin, og anordningen kun omfatter
to elektriske drivmotorer (2, 7) for henholdsvis de to
kompressionstrin (13, 4), idet ekspansionsmekanismen udgeres af
en turbine (8), der er koblet til motoren (2) for det ene af
kompressionstrinnene (13, 4), dvs., at anordningen kun har en
turbine (8), der udger ekspansionsmekanismen, kendetegnet ved,
at ekspansionsmekanismens turbine (8) er koblet til drivmotoren

(2) for det forste kompressionstrin.

2. Anordning ifelge krav 1, kendetegnet ved, at den elektriske
drivmotor (2) for det forste kompressionstrin (13) omfatter en
udgangsaksel, af hvilken den ene af enderne bzrer det forste
kompressionstrin (13) og driver det 1 rotation ved direkte
kobling, og hvis anden ende barer turbinen (8) og drives 1

rotation af den ved direkte kobling.

3. Anordning ifelge krav 1 eller 2, kendetegnet ved, at de to

motorer (2, 7) er identiske eller lignende.
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4, Anordning ifglge et hvilket som helst af kravene 1 til 3,
kendetegnet ved, at kolemekanismen omfatter en mellemkgleveksler
(3), der befinder sig mellem det feorste kompressionstrin (13)
og det andet kompressionstrin (4), til afkeling af det fluidum,
der kommer ud af det forste kompressionstrin (13), inden det

kommer ind i det andet kompressionstrin (4).

5. Anordning ifglge et hvilket som helst af kravene 1 til 4,
kendetegnet wved, at motorerne (2, 7) er hgjhastighedsmotorer,
dvs. motorer, for hvilke produktet af effekten P 1 kW og
hastigheden N i omdrejninger pr. minut i anden (P.N?) ligger
mellem 5.101% og 5.10%2,

6. Anordning ifelge et hvilket som helst af kravene 1 til b5,
kendetegnet ved, at de to motorers (2, 7) omdrejningshastighed

er identisk.

7. Anordning ifglge et af kravene 1 til 6, kendetegnet wved,

at de to motorers (2, 7) mekaniske effekt er identisk.

8. Anordning ifglge et hvilket som helst af kravene 1 til 7,
kendetegnet ved, at drivmotoren (7) for det andet
kompressionstrin (4) ogsa mekanisk driver en cirkulationspumpe
(14) eller en yderligere kompressor, der er konfigureret til at
fa et kglefluidum for motoren eller motorerne (2, 7) til at

cirkulere.

9. Anordning ifelge et hvilket som helst af kravene 1 til 8,
kendetegnet ved, at de to kompressionstrin (13, 4) hvert bestar
af en centrifugalkompressor med en bestemt optimal specifik
hastighed, som maksimerer kompressorens energieffektivitet,
samt ved, at anordningen er konfigureret til at holde
kompressorernes (13, 4) specifikke hastighed mellem 70 % og 130

Q Q

% og fortrinsvis mellem 80 % og 120 % af den optimale specifikke

hastighed, og mere fortrinsvis mellem 90 % og 110 % af den

optimale specifikke hastighed.
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10. Anordning ifelge et hvilket som helst af kravene 1 til 9,
kendetegnet ved, at de to kompressionstrin (13, 4) bestar af
centrifugalkompressorer, der hver har en Dbestemt optimal
specifik hastighed, som maksimerer kompressorens
energieffektivitet, idet hver kompressor har en Dbestemt
volumenstregmningshastighed (Q1, Q2) og en bestemt mekanisk
effekt (P1, P2), wved, at forholdet (Q1/02) mellem den forste
kompressors (13) volumenstremningshastighed (Q1) og den anden
kompressors (4) volumenstrgmningshastighed (Q2) ligger mellem
1,1 og 2,5 og fortrinsvis er 1lig med 1,8, ved, at forholdet
(P1/P2) mellem den mekaniske effekt (Pl), der driver den forste
kompressor (13), og den mekaniske effekt (P2), der driver den
anden kompressor (4), ligger mellem 1,1 og 2,5 og fortrinsvis
er lig med 1,5, samt ved, at forholdet (wl/w2) mellem de to
motorers omdrejningshastigheder 1ligger mellem 0,5 og 1,5 og

fortrinsvis er 1lig med 1.

11. Fremgangsmade ifeglge krav 10, kendetegnet wved, at
produktet: (wl/w2).(Q1/Q2)%>, (Ahs2/Ahs1)%7%> mellem:
- forholdet (Wwl/w2) mellem de to motorers

omdrejningshastigheder, forholdet (Q1/02) ved effekten 0,5
mellem den fegrste kompressors (13) volumenstromningshastighed
(Q1) og den anden kompressors (4) volumenstregmningshastighed
(Q2)

- forholdet (Ahs2/Ahsl) ved effekten 0,75 mellem stigningen i
entalpi gennem den anden kompressors (4) trin under antagelse
af kompressionen som verende isentropisk og stigningen i entalpi
gennem den forste kompressors (13) trin under antagelse af
kompressionen som varende isentropisk ligger mellem 0,70 og
1,30, fortrinsvis mellem 0,80 og 1,20 og mere fortrinsvis mellem
0,90 og 1,10.

12. Anordning ifelge et hvilket som helst af kravene 1 til 11,
kendetegnet wved, at den omfatter et elektronisk styreelement
(16) til styring af anordningen og omfatter en anordning til
lagring og behandling af data, idet det elektroniske
styreelement (16) er konfigureret til iser at styre mindst den

ene af motorerne (13, 4).
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13. Fremgangsmade til kgling af en kold kilde (15) wved
anvendelse af en kgoleanordning (1) ifelge et hvilket som helst
af kravene 1 til 12, hvorved der udfgres en varmeudveksling
mellem det afkglede arbejdsfluidum efter dets wudgang fra

ekspansionsmekanismen (8) og det element (15), som skal afkoles.

14. Fremgangsmade til keling ifelge krav 13, kendetegnet ved,
at kompressorernes (13, 4) specifikke hastighed holdes mellem
70 % og 130 %, fortrinsvis mellem 80 % og 120 % og mere
fortrinsvis mellem 90 % og 110 % af deres optimale specifikke

hastigheder.
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