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ABSTRACT
The successful launch of Herschel/Planck in 2009 was a significant milestone for Space Cryo-

genics in general and the European cryogenic community in particular: Europe, in collaboration 
with American partners, successfully put into orbit and operated sub-Kelvin instruments cooled by 
sophisticated cryochains. It was not only an engineering achievement leading to the collection of 
invaluable scientific data, but also the culmination of almost 20 years of space cryogenic develop-
ments by the different institutes, companies and agencies in Europe.

Since this turning point, space cryogenics Research and Development/Technology has never 
been so dynamic in Europe. The European Space Agency has been involved in over 80 activities 
ranging from PhD projects to qualification of new products. New satellites appeared with increas-
ingly stringent requirements, e.g., low vibration/vibration free, increasing cooling power, lower 
detectors temperature.

This paper will describe the recent and current developments in the field of spacecraft cryo-
genics at ESA as well as the driving missionrequirements in the Earth Observation and Science 
domains. The whole range of temperature (from 50mK to 200K) and technologies (coolers, heat 
switches, energy storage units) will be addressed. The in-orbit performances of the cryogenic sub-
system for the agency's recently launched satellites (e.g. Sentinel 3) and the design and verification 
for cryogenic instruments currently in development (e.g. Meteosat 3rd Generation, Athena) will be 
touched upon as well.

Finally, the paper will lay out the current outlook in terms of missions and needs in the domain 
of cryogenics for spacecrafts.

INTRODUCTION
Cryogenics for Space is as old as the space era itself: Sputnik 1, the first artificial satellite was 

launched in 1957 with a rocket, the Sputnik-PS, using Liquid Oxygen as the oxidizer. Technics 
related to cryogenic fluid storage and on-ground oxygen liquefaction were used in and around the 
launch pad to contribute to this founding milestone.

As pointed out in the R.G. Ross[1], cryogenics in space followed closely the launch of Sputnik 1. 
After the first space dewars during the Apollo years, engineers and scientists rapidly saw the neces-
sity to launch cryocoolers to cool experiments and focal planes, namely long life time closed-cycle 
cryocoolers.
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Figure 1.  The launch of Oxford University ISAMS 80K cooler (left) at the beginning of the 90s and 
of Herschel Planck (right) in 2009 correspond to two major milestones in European Space Cryogenics.
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Objective 1: To expand the portfolio of 40-150K coolers

TRP - Small Scale Cooler (RAL - GB): 
-

EOPP – High Power Stirling Cooler (Airbus DS – GB): 

GSTP – Low Vibration Stirling Cryocooler Unit Engineering Model (TAS UK/RAL/Hon-
eywell Hymatic - GB): 

Proposal - Low Noise Miniaturized very high frequency Pulse Tube cooler (TBD): This 

Proposal – Microcooler for Miniaturized Experiments (TBD): 

Objective 2: To develop cryocoolers for new types of challenging requirements
-

launch support tube

controller connector

sensor connector

RAL Small Scale Cooler

• 600g
• 144mm x 53mm x 102mm

• fully welded aluminium 
construction for optimal 
thermal performance and low 
mass

• flexure bearing mechanisms 
for life and reliability

Figure 2. The development of the RAL Small Scale Cooler illustrates the effort of ESA to expand the 
cooling solutions to all classes of satellite.
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and new requirements end up driving the thermo-mechanical design or even the feasibility of an 
instrument. The typical example is the exported micro vibrations: the force exported by the current 
generation of cryocoolers are in the order of tenths of a Newton thanks to cunning compensation 
algorithms and careful manufacturing of the mechanisms. This extremely low level of micro vibra-
tions is not sufficient for missions. This leads to sophisticated accommodation solutions, which are 
add mass and complexity to the cryogenic subsystem.

	TRP – Development of a 40-80K Vibration Free Cooler  (Absolut Sytem - FR): In order to 
cope with missions that have more and more stringent pointing requirements, Absolut Sys-
tem is developing a ‘Vibration Free’ (at low frequency) cooler based on the Reverse Turbo 
Brayton Cycle (Fig. 3). The breadboard, which will provide >1.1W at 40K (180W input) 
will be tested by the end of 2018 (objective TRL 5).

	TRP – Development of a 40-80K Vibration Free Cooler (Active Space-PT): In parallel to 
the activity previously mentioned, another SME proposed to investigate the possibility to 
provide vibration free cooling at ~77K using a Sorption based Nitrogen Joule Thomson cooler 
(Fig. 3). The predicted performance of this cooler is 1.5W at 80K and will be tested by Q4 
2018 (objective TRL 5).

	CTP – Hydrogen Sorption Cooler (University of Twente – NL): Motivated by the Darwin sci-
ence mission that needed totally vibration free 4K cooling, the University of Twente developed 
and tested to TRL5 an H2 Sorption cooler able to provide 35mW at 14.5K (Figure  3).

	Proposal – Cryocoolers operational at Cryogenic temperatures (TBD): In some applica-
tions, passive cooling to cryogenic temperature is feasible but active cryocooling is neces-
sary to reach the ultimate temperature required by the detector. It is in theory more efficient 
thermodynamically to use bithermal machines at the lowest temperature and can potentially 
simplify architectures (no need of having a warm enclosure in a cold payload). The proposal 
is to develop a cryocooler that can operate at temperatures lower than77K.

Objective 3: To propose solutions for advanced cryogenic architectures
In order to satisfy potential short/medium term increase in cooling power demands without 

jeopardizing the recent qualification efforts on cryocoolers, one straightforward solution is to op-
timize the thermal architecture of cryostats. Some conceptual solutions are discarded early on in 
projects because technological bricks are missing, or their integration is judged too risky.   

	TRP – 2-Stage Cooler for 30-50K Detector Cooling  (TCBV - NL): Building on the recent 
development of the LPTC, this project not only brought  a double stage pulse tube cryocooler 
(1.49W@42K and 3.03W@105K for 160W input power) to TRL6 but also demonstrated 
with a flight like 2-Stage Cryostat designed by Absolut System that such architecture can 
lead to a decrease of 10K of the detector compared to a standard 1-stage design.

	TRP – Cryogenic Heat Switch in the 30 to 80K temperature range (LIDAX - ES): The ad-
vantage of being able to disconnect the OFF cryocooler to an application has been identified 
since the beginning of space cryogenics. This simple idea is difficult to apply in practice, 

Figure 3. Three developments tackling the challenge of Vibration Free Cooling: the Reverse Turbo 
Brayton developed by Absolut System (left), a Nitrogen Sorption Cooler from Active Space (center) and 
the H2 Sorption Cooler manufactured and tested by the University of Twente (right).



-

TRP – Breadboarding of a Cryogenic Gas Loop Heat Switch for Earth Observation Missions 
(ALAT – FR):

ITI – Energy Storage Unit (Active Space – PT): 

Objective 4: To answer the need of upcoming Science missions
-

  
CTP – 15K Pulse Tube Cooler Engineering Model  (ALAT - FR): 

CTP – 2K Cooler Engineering Model (RAL – GB): -

3

CTP – Detector Cooling System (CNES/CEA – FR): -

ITIs – Closed Cycle Dilution Demonstrator and Sorption Based Circulator (Institut Neel – 
FR and University of Twente – NL): 

-

CTP – Neon Joule-Thomson Cooler for Ariel (RAL – GB): -

Objective 5: To constantly foster innovation
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	TRP – New Generation Compressor (TCBV – NL):   Building on the lessons learned com-
ing from the recent developments, the latest improvement in material and manufacturing 
techniques, TCBV will prototype a new generation of compressor that shall be better than 
the available compressors in terms of mass, efficiency and micro vibrations. The design shall 
be scalable to all classes of compressor, but the demonstrator built in this project will target 
~60W input power class cooler (e.g. to provide cooling at 120K).

	TRP – New Generation Cold Finger (TBD): Similarly to the previous TRP, this project aims 
at revisiting the design of cold fingers considering all the latest advances. 

	NPIs and ITIs – Space Optical Cryocooler developments (Lumium/University of Pisa – NL/IT): 
Optical cryocooling for space is the typical example of technology that is potentially ground 
breaking, but requires fundamental developments to meticulously alleviate the possible show-
stoppers and improve its Technology Readiness Level. Two PhDs have been subsidized to 
do development work on the topic of the cooling medium crystal and an ITI examined the 
first system level challenges to develop an optical cooler for Space.

	NPIs/ITIs – Microcryogenic Coolers and Cold Tips (University of Twente/Kryoz/Dutch 
Space - NL): The combination of Sorption Compressors and Micro JT cold tips has been 
investigated through multiple projects. This type of cooler could answer the very specific 
need of vibration free on-chip cooling or distributed on-chip cooling. TRL5-6 was achieved 
on the micro-cold tip. [3]

RECENT AND UPCOMING ESA MISSIONS INVOLVING CRYOGENICS
The Space Cryogenics landscape is primarily shaped by missions. In this section, we will cover 

some of the missions that are currently relevant to the cryogenic sector in Europe. 

Sentinel 3 – the latest launched ESA spacecraft with Active Cryocooling
Sentinel 3 is a Copernicus fleet of satellites whose objective is to measure sea surface topogra-

phy, sea and land surface temperature, and ocean and land surface color. The Sea and Land Surface 
Temperature instrument (SLSTR) requires detectors cooled to 85K. This requirement is met thanks 
to a Cryocooler System (CCS) composed of two head-to-head 50-80K Stirling Coolers provided by 
Airbus DS that cool down an Infrared Bench accommodated inside a cryostat thermally insulated 
from the rest of the payload.  In terms of performance, an active vibration control loop permits to 
limit the exported below 300mN and the Cryocooler System was expected to cool down the focal 
plane below 89K end of life (heatload 2W) with a consumption lower than 75W [4]. 

Figure 4. A large development effort is dedicated to the preparation of Athena. The CRY1 of the DCS 
(left – courtesy CEA) includes a PT15K and the Hybrid ADR. The CCDR from Institut Néel (center) is 
the back-up for the Sub-K stage. The cold plumbing of the 2K cooler can be seen the right (RAL)



-

-

Sentinel 5-p – the latest launched ESA spacecraft with Passive Cryocooling
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CONCLUSION AND FUTURE TRENDS IN SPACE CRYOGENICS
-

-

Figure 5. Two very different cryostatss: on the left, we see Engineering Model of the FCI Cryostat 
(courtesy TAS-F), on the right, one of the concept for the X-IFU cryostat (courtesy of CNES).

S/C CRYO DEVELOPMENTS AND PERSPECTIVES AT ESA 385



ACKNOWLEDGMENT

REFERENCES
Cryogenic 

Engineering. International Cryogenics Monograph Series

Ap-
plied Thermal Engineering 95

IOP Confer-
ence Series: Materials Science and Engineering

Sensors, Systems, and Next-Generation Satellites XVII
Proc. of SPIE

AIAA 
Proceedings of The 42nd International Conference on Environmental Systems (ICES)

Sensors, 
Systems, and Next-Generation Satellites XIX

Proc. of SPIE

386 CRYOCOOLER INTEGRATION TECH. & APPLICATION LESSONS 




