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ABSTRACT
An overview is presented in this paper of the latest developments of space cryocoolers at
Thales Cryogenics B.V. Planned future developments for the LPT6510 cooler are presented, and the
synergies between Commercial-Off-The-Shelf (COTS) and space are reviewed, such as the design
principles from space coolers being applied to an upgraded variant of the COTS LPT9310, as well as
design principles from COTS coolers being applied to the LPT6510 for improved manufacturability.
Thales performed a simulation and experimental study into the coupling of an COTS pulse tube
to a designed-for-space, high-performance compressor, and a prediction is given regarding what
performances could potentially be achieved with an optimized design.
INTRODUCTION
Cryocoolers for tactical and space applications are often considered to be completely different
FODVVHVRIFRROHUV+RZHYHUWKHGLVWLQFWLRQEHWZHHQVSDFHPLVVLRQVSHFL¿FFU\RFRROHUGHVLJQVDQG
tactical off-the-shelf cryocoolers has become less pronounced. Whereas the companies traditionally involved in designed-for-space cryogenics have adopted a dual-purpose design philosophy [1],
cryocoolers originally designed for tactical applications have evolved to a point where these can be
used in certain space applications with minimal adjustments [2].
Thales Cryogenics follows the latter path. Not only ‘full space’ products are being developed,
but also commercially-off-the-shelf products are being used for space, mostly with either upgraded
product and quality assurance or upgraded design features.
,QWKLVSDSHUZHZLOO¿UVWGHVFULEHWKHV\QHUJ\EHWZHHQERWKPDUNHWVLQWHUPVRIFRROHUUHTXLUHments. Furthermore we will highlight a few example coolers.
SYNERGIES BETWEEN SPACE AND TACTICAL CRYOCOOLER REQUIREMENTS
In general terms, typical requirements for any cooler can be described in terms of lifetime,
UHOLDELOLW\HI¿FLHQF\UREXVWQHVVDQGRWKHUV$Q\DSSOLFDWLRQZRXOGZDQWWRPD[LPL]HDQ\RIWKHVH
characteristics. However, there are some differences.
Reliability
Reliability matters for any cryocooler application. However, there is a profound difference in
WKHIRUPXODWLRQRIWKHUHOLDELOLW\UHTXLUHPHQW7KHUHOLDELOLW\¿JXUHRIPHULWIRUDWDFWLFDOFU\RFRROHU
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is the MTTF, signifying the amount of running hours after which there is a 63% failure probability.
Implicitly, this means that for tactical cryocoolers, delivered in volume, a certain amount of failures
during operation are considered acceptable.
For a space application, the typical usage scenario requires multi-year operation with an exWUHPHO\KLJKVXUYLYDOSUREDELOLW\ZLWKUHOLDELOLW\¿JXUHVH[FHHGLQJUHTXLUHGIRUWKHIXOOPLVsion lifetime.
In Figure 1, the Weibull-shaped failure probability for a typical high reliability tactical cryocooler is shown. It is immediately apparent from examining this curve that even when a failure
probability of 1% over the mission life is accepted, a high reliability free-displacer Stirling cooler
ZLOOQRWVXI¿FHIRUPLVVLRQVUHTXLULQJPRUHWKDQKRXUVRIRSHUDWLRQ:KLOHWKLVW\SHRIUHOLability may be considered acceptable for certain Operationally Responsive Space (ORS) missions,
IRUDPLVVLRQZKHUH\HDURUPRUHRIRSHUDWLRQLVUHTXLUHGDKLJKHUVWDQGDUGZLOOEHUHTXLUHG
Robustness
In both tactical and space applications, robustness versus mechanical loads is required. Whereas
a tactical cryocooler can be expected to be subjected to mechanical loads more or less randomly
during its entire operating life, for a space cryocooler the most severe loads are experienced during
the short time interval of spacecraft launch, cooler non-operating.
Induced vibrations
Almost all space applications include some measure of sensitivity to vibrations generated by
mechanical parts and systems. As the item to be cooled is typically an electro-optical detector of some
NLQGDQ\NLQGRIPRWLRQLQWURGXFHGE\WKHPHFKDQLFDOFRROHUFDQDGYHUVHO\DIIHFWLPDJHTXDOLW\
For many tactical applications, induced vibrations are not a problem as such. For many usage
scenarios, the detector (and cryocooler) are hard-mounted to a heavy system, and the forces induced
by the cryocooler on such a system will result in a negligible amount of motion of the detector.
Sensitivity to induced vibrations in non-space applications manifests itself in different requirements:
• Acoustic noise (non-detectability)
 /LQHRIVLJKWVWDELOLW\LQVSHFL¿FDSSOLFDWLRQV VPDOOJLPEDO
• Image blurring effects in high sensitivity applications, i.e. X-Ray microscopy
• Microphonic disturbances for certain high-sensitivity detectors, such as Germanium detectors used in gamma ray spectroscopy.

Figure 1: Weibull statistics of a high-reliability free-displacer Stirling cooler with flexure-bearing
compressor.
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3RZHUHI¿FLHQF\DQGSRZHUGHQVLW\
7KHWUHQGWRZDUGVVPDOOVL]HORZPDVVKLJKHI¿FLHQF\FU\RFRROHUVLVSUHVHQWLQERWKWDFWLcal and space applications. In both, it is the system-level impact of design choices that needs to be
examined. The optimum for a given scenario is not always apparent.
)RUH[DPSOHLQDW\SLFDOKDQGKHOGWDFWLFDODSSOLFDWLRQFKRRVLQJDOHVVHI¿FLHQWFRROHUZKLFK
KDVDKLJKHUSRZHUGHQVLW\ KLJKHUPD[LPXPFRROLQJSRZHU FDQPDNHVHQVHLQDXVDJHVFHQDULR
ZKHUHWKHDELOLW\WRSHUIRUPDUDSLGFRROGRZQFDQQHJDWHWKHQHFHVVLW\IRURSHUDWLRQ±WKHUHE\
VLJQL¿FDQWO\UHGXFLQJWKHFRROHU21KRXUVDQGUHGXFLQJWKHUHTXLUHGEDWWHU\FDSDFLW\IRUDXWRQRmous operation.
7KHDUJXPHQWIRUDUDSLGFRROGRZQQHJDWLQJWKHQHFHVVLW\IRURSHUDWLRQLVRQO\YDOLGLQ
applications where there is an element of uncertainty in when full imaging performance is required.
In a space application the duty cycle of the detector will, for the most part, be predictable, negating
WKHQHFHVVLW\IRUDUDSLGFRROGRZQ3RZHUHI¿FLHQF\DQGORZPDVVZLOOEHIDYRUHGLQVWHDGDOWKRXJK
WKHPDVVLPSDFWRIDKLJKHUFU\RFRROHUHI¿FLHQF\VKRXOGDOZD\VEHFRQVLGHUHGDJDLQVWWKHPDVV
impact of a higher power supply requirement, such as larger solar panels.
In the following paragraphs we will compare cryocooler designs for space and tactical applications, with the above in mind, after which we will examine a few practical cases.
COMPRESSOR DESIGN
,WKDVEHHQSURYHQWLPHDQGDJDLQWKDWWKH2[IRUGVW\OHFRPSUHVVRUGHVLJQZLWKÀH[XUHVXSported pistons aligned inside a tight tolerance cylinder, is capable of operating continuously for
several years with a very low failure probability. Many design elements of a space-pedigree OxfordVW\OHFRPSUHVVRUKDYHIRXQGWKHLUZD\LQWRFRPPHUFLDORIIWKHVKHOIWDFWLFDOÀH[XUHEHDULQJFRPpressors. Potential failure modes for linear compressors (e.g. as summarized in [3]) are mitigated or
HOLPLQDWHGUHJDUGOHVVRIWKH¿HOGRIXVH)RULQVWDQFHEHFDXVHRIWKHXVHRIPRYLQJPDJQHWOLQHDU
PRWRUVWKHIDLOXUHPRGHRIIHHGWKURXJKOHDNVDQGFRQWDPLQDWLRQDUHHOLPLQDWHG%UHDNDJHRIVSULQJV
is mitigated by using well-understood design rules and inspection criteria. More information on
failure modes and how they are applicable can be found in reference [4].
So the design principles for compressors are highly comparable for both space and COTS
SURGXFWV7KHTXHVWLRQWKHQUHPDLQVRIZKHWKHUDPRGHUQRIIWKHVKHOIÀH[XUHEHDULQJFRPSUHVVRU
VKRZVWKHNLQGRIUHOLDELOLW\VWDWLVWLFVWKDWDUHUHTXLUHGIRUDVSDFHPLVVLRQ%DVHGRQWKHUHOLDELOLW\
GDWDREWDLQHGIURPNQRZQDSSOLFDWLRQV>@LWFDQEHFRQFOXGHGWKDWWKLVLVLQGHHGWKHFDVHIRUWKH
Thales LSF93xx compressor series, used in the (COTS) LPT9310 pulse-tube cooler. Other Thales
LSF-series compressors in series production show similar reliability statistics. It can be concluded
WKDWDQRIIWKHVKHOIÀH[XUHEHDULQJFRPSUHVVRUGHVLJQFDQEHOHYHUDJHGIRUDKLJKUHOLDELOLW\VSDFH
FU\RFRROHUSURYLGHGWKDWQRVLJQL¿FDQWFKDQJHVDUHLQWURGXFHGWKDWFDQSRWHQWLDOO\UHVXOWLQDQ
LQFUHDVHGVHQVLWLYLW\WRWKHNQRZQIDLOXUHPHFKDQLVPV
There obviously are differences between the two product ranges. For the comparison we conVLGHUWKH/6)[[&276ÀH[XUHEHDULQJFRPSUHVVRUDQGWKH7KDOHV/37&FRPSUHVVRUGHYHORSHG
under ESA contract and used in various European space applications, such as the Air Liquide LPTC
cooler for the Meteosat Third Generation (MTG) programme as well as the 30- 50K dual stage
cooler developed under ESA contract [6]. Both compressors are shown in Figure 2 and Figure 3.
The main differences are in the materials used and the mounting method of the motors. The LPTC
uses an aluminium center part to which the motor halves made of Ti6Al4V are bolted, whereas the
LSF93xx use a hermetically sealed, all-welded stainless steel concept. The former has the advantage
of low mass, higher strength, and adjustability of the motors. The latter has the advantage of not
needing C-seals for the critical helium tightness and the intrinsic alignment of the single cylinder.
COOLERS DEVELOPMENTS
COTS-Space Stirling versus designed-for-space pulse-tube coolers
One example where the synergy between COTS and Space products is clearly visible is the
Thales LSF9199/30 linear Stirling cooler, developed originally for infrared detector manufacturer
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Figure 2: LPTC compressor (left) and LSF93xx compressor (right).

Sofradir for non-European space customers. It is compared to the LPT6510, developed in collaboration with Absolut System. The two coolers are similarly-sized and were designed for a comparable
range of cryogenic performance requirements, but were designed from a different paradigm. For
the purpose of this discussion we will focus on the differences in cold head design.
7KH/6)ZDVGHVLJQHGDVDFRVWHIIHFWLYHRSWLRQIRUKLJKHI¿FLHQF\VSDFHFRROHUUHTXLUHPHQWV>@$VLWKDVDSQHXPDWLFDOO\GULYHQIUHHGLVSODFHUWKHFU\RFRROHUKDVDKLJKHI¿FLHQF\
without the need for expensive, high-grade material combinations. Furthermore, the industry-standard
SADA-compatible displacer design allows infrared detector manufacturers to adopt a similar COTSto-space approach for the detector-dewar assembly.
The LPT6510, on the other hand, is designed from the ground up as a space cryocooler usLQJKLJKHQGPDWHULDOVDQGSURFHVVHVEDVHGRQWKHKLJKHI¿FLHQF\037&FRPSUHVVRUGHYHORSHG
XQGHU(6$IXQGLQJDQGWKH$EVROXW6\VWHP66&SXOVHWXEHFROG¿QJHUZKLFKLVDSHUIRUPDQFH
optimized pulse-tube design [8].
$VFDQEHVHHQLQ)LJXUHWKH/6)LVIRUWKHPRVWSDUWWKHPRUHHI¿FLHQWFU\RFRROHU
which is typical when comparing a Stirling cooler to a pulse-tube cooler. However, the fact that the
/37PDNHVXVHRIKLJKHQGPDWHULDOVDQGLQFOXGHVDPRUHHI¿FLHQWFRPSUHVVRUGHVLJQFORVHV
part of the performance gap.
The advantage of a designed-for-space pulse-tube cooler becomes apparent if one examines
the reliability; or the probability of reaching a long mission life with a very low failure probability.
)RUWKH/37WKHTXHVWLRQRIUHOLDELOLW\LVQRWGLI¿FXOWWRDQVZHU%RWKIRUWKHÀH[XUH
EHDULQJFRPSUHVVRUFRQFHSWDQGWKHSXOVHWXEHFROG¿QJHUWKHSRWHQWLDOIDLOXUHPHFKDQLVPVDUH
well-understood and large amounts of statistical data are available.
For the LSF9199/30 cooler, less directly-applicable data is available. The reliability characterLVWLFVRIDOLQHDUPRYLQJÀH[XUHVXSSRUWHGPDVVDUHZHOOXQGHUVWRRGDQGWKHGHVLJQVKRXOGHQDEOH
reliability statistics similar to those of a pulse-tube cooler, but the fact remains that adding a moving
displacer to the cooler adds a failure mode (Expander blow-by, as per [3]).

Figure 3: LSF9199/30 (left) and LPT6510 breadboard demonstrator (right).
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Figure 4: Heat lift - LSF9199/30 vs LPT6510.

,IGHVLJQTXDOL¿FDWLRQDQGLQVLWHLQVSHFWLRQVDQGWHVWVGXULQJSURGXFWLRQDUHRIDVXI¿FLHQWO\
KLJKVWDQGDUGDFRROHUZLWKDÀH[XUHEHDULQJGLVSODFHUFDQVWLOOEHH[SHFWHGWRUHDFKWKHH[WUHPHO\
ORZIDLOXUHSUREDELOLW\UHTXLUHG7KHÀH[XUHEHDULQJIUHHGLVSODFHUFRQFHSWZDVSODFHGLQOLIHWLPH
WHVWLQJGXULQJWKH&U\R6\VWHP(6$SURMHFWZLWKXQLWVRSHUDWLQJZLWKLQVSHFL¿FDWLRQDIWHUPRUH
than 10 years of continuous operation each in the Thales Cryogenics lifetime lab.
6XPPDUL]LQJWKHDERYHLWFDQEHFRQFOXGHGWKDWDFRVWHIIHFWLYHKLJKHI¿FLHQF\VROXWLRQLV
SRVVLEOHE\PDNLQJXVHRIWKHEXLOGLQJEORFNVRIDWDFWLFDOFU\RFRROHUVXFKDVZKDWZDVGRQHZLWK
WKH/6)SURYLGHGWKHXVHULVZLOOLQJWRPDNHFRPSURPLVHVZKHQLWFRPHVWRH[SRUWHGYLbrations and the proven reliability statistics of the solution. If a no-compromise solution is required,
DGHVLJQHGIRUVSDFHSXOVHWXEHFRROHUVXFKDVWKH/37KDVVLJQL¿FDQWDGYDQWDJHV
LPT6510 pulse-tube cooler development
The LPT6510 cryocooler was previously developed up to TRL 4. Thales and Absolut System
DUHFXUUHQWO\SDUWQHULQJWRSHUIRUPDVHOIIXQGHGGHYHORSPHQWZLWKDWDUJHWWRUHDFK75/E\WKH
end of Q2 2019. The targeted usage range of this cooler is to provide lift at temperatures from 60 K
to 150 K.
'HWDLOHGGHVLJQRIWKHFRROHULVEHLQJ¿QDOL]HG7UDGHRIIVKDYHEHHQSHUIRUPHGLQRUGHUWR
optimize performance and reliability, and to minimize complexity, mass, and volume. Compliance
with ECSS standards is targeted.
In these trade-offs, COTS design principles are being considered. The all-welded compressor
design limits the need for c-seals. A single interface for the entire cooler (mechanical and thermal)
LVREWDLQHGE\LQFOXGLQJDFHQWUDOKHDWVLQNEUDFNHW$&$'UHQGHULQJRIWKHXSGDWHGGHVLJQLV
shown in Figure 5.
7KHSURFHVVHVXVHGIRUWKH/37FRPSUHVVRUDUHXVHGDQGTXDOL¿HGIRUÀLJKWKDUGZDUHLQ
the various LPTC programs. This includes welding steps (electron-beam and laser), bonding, wiring
FRQQHFWLRQVHWFHWHUD$WWKHVDPHWLPHWKH/37SXOVHWXEHFROG¿QJHULVEDVHGRQWKHKHULWDJH
RIWKH$EVROXW6\VWHP66&ZLWKDOOSURGXFWLRQSURFHVVHVEDVHGRQWKRVHXVHGIRUÀLJKWTXDOL¿HG
pulse-tubes in the past.
It can be concluded that in the LPT6510 cooler, the design and manufacturing principles of
WKHVSDFHFRROHUVDUHFRPELQHGZLWKWKRVHRI&276SURGXFWVWRUHDOL]HDFRPSDFWDQGHI¿FLHQW
solution for future space missions with 10 years or longer mission lifetime.
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Figure 5: CAD Render of the updated LPT6510 design.

Optimization of a COTS pulse tube for integration with a space compressor
In a previous project [2], where the expected mission life did not require a ‘full space’ solution,
a cooler based on the COTS LPT9310 was used. In this mission, the LPT9310 was updated slightly
WRLPSURYHWKHHI¿FLHQF\E\FKDQJLQJWR7L$O9$WWKHVDPHWLPHDGGLWLRQDOHIIRUWZDVSXWLQWR
DGGLWLRQDOSURFHVVTXDOL¿FDWLRQV
$VVWDWHGEHIRUHIXOOVSDFHSURGXFWVDUHXVXDOO\IXUWKHURSWLPL]HGIRUHI¿FLHQF\WKDQ&276
SURGXFWV2QHGLIIHUHQFHEHWZHHQWKH/37FRROHUDQGWKH/37&VSDFHFRROHULVWKHHI¿FLHQF\
of the compressor. A combination of the LPTC space compressor and the performance-optimized
/37SXOVHWXEHFROG¿QJHUZDVLQYHVWLJDWHGWRGHWHUPLQHWKHSRWHQWLDOSHUIRUPDQFHLPSURYHment. Some design optimization had to be carried out, as both coolers operate at different driving
IUHTXHQFLHV,QRUGHUWRJHWDFRUUHFWLQWHJUDWLRQRIFRPSUHVVRUDQGFROG¿QJHUWKHG\QDPLFVQHHG
WREHRSWLPL]HGIRUWZRDVSHFWVUHVRQDQFHLQWKHFRPSUHVVRUWRPD[LPL]HFRPSUHVVRUHI¿FLHQF\
DQGFRUUHFWSKDVHVKLIWLQJLQWKHSXOVHWXEHWRPD[LPL]HWKHFROG¿QJHUHI¿FLHQF\%RWKGHSHQGRQ
GULYHIUHTXHQF\DQG¿OOSUHVVXUH
The optimization was carried out in two stages. First the expected performance was simulated
using the SAGETM software [9]. SAGETM predicts the performance. The SAGE model was expanded
to include the losses in the compressor, and the resistive losses in the coils, and eddy current losses
DQGG\QDPLFORVVHVLQWKHVWDWRUVDQGRWKHUVWUXFWXUDOSDUWV7KHVHUH¿QHPHQWVLPSURYHWKHVLPXODWLRQRIFRPSUHVVRUHI¿FLHQF\IRUDJLYHQVHWRILQSXWSDUDPHWHUV
To maximize the use of existing components and to limit the amount of variables to be opWLPL]HGDOOWKHJHRPHWU\ZDVNHSWWKHVDPH7KHRQO\YDULDEOHVVXEMHFWWRRSWLPL]DWLRQZHUHWKH
length and diameter of the inertance tube and the drive frequency. No additional optimizations on
WKHSXOVHWXEHFROGKHDGZHUHGRQH6RWKHUHJHQHUDWRUPDWUL[ZDVNHSWWKHVDPHZKLOHWKLVZRXOG
EHDVXLWDEOHRSWLPL]DWLRQLQDODWHUVWDJHLIWKHFRROHULVRSWLPL]HGIRUDVSHFL¿FWHPSHUDWXUHUDQJH
The LPT9310 cooler is optimized for a tip temperature of 80K. The system was optimized for
PD[LPXPHI¿FLHQF\7KLVLVWKHSURGXFWRIWKHWKHUPRG\QDPLFHI¿FLHQF\RIWKHFROGKHDGDQGWKH
HOHFWULFDOHI¿FLHQF\RIWKHFRPSUHVVRU
In a second part, the performance was measured on a breadboard model consisting of an LPTC
compressor and an LPT9310 cold head. The latter was adapted to allow the integration of different
inertance tubes. In the standard LPT9310 pulse tube design as licensed from CEA, the inertance
tube is placed inside the buffer volume. This buffer volume was replaced by a separate buffer and
replaceable inertance tube. On both sides of the inertance tube adaptor pieces were placed to ensure
DVPRRWKÀRZWUDQVLWLRQDQGWKHFRQQHFWLRQRISUHVVXUHVHQVRUV$SKRWRJUDSKRIWKHWHVWVHWXSLV
shown in Figure 6.
The experiments and simulations were carried out as a mapping. The performance of the system
ZDVRSWLPL]HGIRUPD[LPXPHI¿FLHQF\,QRUGHUWRKDYHFRPSDUDEOHUHVXOWVIRUDOOFRQ¿JXUDWLRQV
WKHHOHFWULFDOLQSXWSRZHUZDV¿[HGDW:7RDFKLHYHWKLVWKHSLVWRQDPSOLWXGHZDVDGDSWHG
for each simulation set.
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Figure 6: Photograph of test setup of the LPTC compressor with LPT9310 cold head.

Not all simulation results will be presented here. However, for one of the inertance tube diamHWHUVWKHVLPXODWLRQUHVXOWVDQGH[SHULPHQWDOUHVXOWVDUHVKRZQLQ)LJXUH+HUHWKHWKHUPRG\QDPLF
HI¿FLHQF\COP = Cooling Power/Mechanical Power and COPtot = Cooling Power/Electrical input
SRZHUDUHVKRZQ7KHWRWDOHI¿FLHQF\FDQEHPHDVXUHGGLUHFWO\7KHPHFKDQLFDOHI¿FLHQF\LVGHULYHGIURPRWKHUPHDVXUHPHQWV7KHUDWLREHWZHHQWKHWRWDOHI¿FLHQF\COPtot and the mechanical
HI¿FLHQF\COP LVWKHQHTXDOWRWKHHOHFWULFDOFRPSUHVVRUHI¿FLHQF\COPel.
)URPWKHWKHUPRG\QDPLFHI¿FLHQF\JUDSKLWFDQEHVHHQWKDWIRUHDFKOHQJWKRILQHUWDQFHWXEH
there is an optimum drive frequency. For each inertance tube, a near optimum phase can be reached
DWWKHULJKWIUHTXHQF\)XUWKHUPRUHLWFDQEHVHHQWKDWWKHPD[LPXPHI¿FLHQF\IRUHDFKLQHUWDQFH
tube length is comparable. This means that the cold head can be used over a wide range of frequenFLHVZLWKRXWWRRPXFKLPSDFWRQHI¿FLHQF\E\XVLQJWKHFRUUHFWLQHUWDQFHWXEH
,IWKHFRPSUHVVRUHI¿FLHQF\LVLQFOXGHG ULJKWKDQGVLGHLQ)LJXUH WKHUHLVDFOHDURSWLPXP
LQWKHRYHUDOOV\VWHPHI¿FLHQF\)RUWKLVLQHUWDQFHWXEHWKHRSWLPXPHI¿FLHQF\LVUHDFKHGDWDQ
LQHUWDQFHWXEHOHQJWKRIPDQGDGULYHIUHTXHQF\RI+]$WWKLVFRPELQDWLRQRIOHQJWKDQG
frequency the optimum phase shift in the inertance tube is combined with maximum.
These calculations have been carried out for different inertance tube diameters. For each diameter, an optimum length and drive frequency are determined.

Figure 7: Simulation results (dashed lines) and experimental results (solid lines) for one diameter and
different lengths of the intertance tube. Left graph shows the thermodynamic efficiency, the right graph
the overall system efficiency.
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Table 1: Overall results for three optimized geometries.

LPT9310 standard
LPTC/LPT9310 standard
LPTC Optimized

Freq. [Hz]
46
48
58

COPel
61
54


COP
4.9
4.6
4.4

COPtotal
3.0
2.5
3.5

The overall results are shown in Table 1. In this table, three variants are summarized: the results
for the standard LTP9310 cooler, consisting of the cold head with LSF93xx compressor. The second
FRQ¿JXUDWLRQVKRZVWKHUHVXOWVZKHQWKH/6)[[FRPSUHVVRULVGLUHFWO\UHSODFHGZLWKWKH/37&
FRPSUHVVRUDQGWKHWKLUGFRQ¿JXUDWLRQLVWKH/37&FRPSUHVVRUZLWK/37FROGKHDGZLWK
optimized inertance tube and drive frequency. It can be seen that when compressors are directly
VZDSSHGWKHRYHUDOOV\VWHPHI¿FLHQF\GHFUHDVHVGUDPDWLFDOO\
,WFDQEHVHHQWKDW WKH RSWLPXPIUHTXHQF\ IRU WKH¿UVWWZRFRQ¿JXUDWLRQVDUHFRPSDUDEOH
because the same inertance tube is used. However, because the compressor and pulse-tube are not
PDWFKHGWKHRYHUDOOHI¿FLHQF\GHFUHDVHV,QFDVHZKHQWKHLQHUWDQFHWXEHLVRSWLPL]HGWKHWRWDO
HI¿FLHQF\LVLQFUHDVHGWR7KLVLQFUHDVHLQHI¿FLHQF\RIQHDUO\LVSULPDULO\FDXVHGE\WKH
VLJQL¿FDQWO\KLJKHUFRPSUHVVRUHI¿FLHQF\RIWKH/37&FRPSUHVVRUDWUHVRQDQFH
$VVWDWHGEHIRUHWKHHOHFWULFDOFRQYHUVLRQHI¿FLHQF\RIWKHFRPSUHVVRULVDURXJKHVWLPDWLRQ
)RUWKHFRPELQDWLRQRIWKH/37&FRPSUHVVRUZLWKVWDQGDUG/37SXOVHWXEHWKLVPRVWOLNHO\
FDXVHGDODUJHHUURU7KHRYHUHVWLPDWLRQRIWKHHOHFWULFDOHI¿FLHQF\OHDGVWRDQXQGHUHVWLPDWLRQRI
WKHPHFKDQLFDOHI¿FLHQF\
On the cooler level, it means that the cooling power will increase from 5 W at 80 K for the
standard LPT9310 pulse tube cooler to 5.9 W at 80 K for the optimized version. It should be noted
IXUWKHUPRUHWKDWWKHWHVWHGFRQ¿JXUDWLRQLVWKHVWRFN/37FROGKHDGRSWLPL]HGIRU.WLS
temperature. In case additional performance is needed, as was the case in the Ecostress project [2],
further options are available or additional optimizations such as the regenerator matrix or a stepped
diameter inertance could increase the cooling power or reduce the attainable tip temperatures.
CONCLUSIONS
6HYHUDORSWLRQVDUHDYDLODEOHIRUVSDFHFRROHUVEXLOWIURPRIIWKHVKHOIEXLOGLQJEORFNV+RZHYHU
these options typically require a compromise on one or more parameters, such as mass, induced
YLEUDWLRQRUHI¿FLHQF\7KHYDULRXVH[DPSOHVKDYHEHHQSUHVHQWHGVXFKDVWKH/6)6WLUOLQJ
FRROHUZKLFKKDVH[FHOOHQWLQWULQVLFHI¿FLHQF\EXWUHTXLUHVDGGLWLRQDOFDUHLQFRQWUROOLQJH[SRUWHG
vibrations.
The reverse approach has also been discussed, with design principles from off-the-shelf coolers
being used to reduce cost, manufacturing complexity, and integration complexity, without requiring
the end user to compromise on performance characteristics. This paradigm is being implemented in
the LPT6510 pulse-tube cooler, with a targeted cooling power of 3 W at 100K. Planned TRL level
RILVWREHUHDFKHGLQ4
This is further investigated in a concept study where an off-the-shelf LPT9310 pulse-tube cooler
LVFRXSOHGWRDVSDFHTXDOL¿HG/37&FRPSUHVVRU$IWHURSWLPL]DWLRQRIWKHLQHUWDQFHWXEHWRG\QDPLcally couple the compressor and cold head, a performance improvement of nearly 20% is reached.
Options are currently available at Thales Cryogenics for a variety of requirement sets, and
IHHGEDFNIURPHQGXVHUVFRQFHUQLQJWKHWUDGHRIIVSUHVHQWHGLVZHOFRPHG
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