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Used technologies by Thales Cryogenics 

Courtesy of Ray Radebaugh 
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Main products perimeter 

145 gr, 150mW @ 90K @ 2 Wac 

6000 gr, 9000mW @ 77K @ 200 Wac 
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Expected future market needs 

Understanding of (Cryogenic) Heat and Mass transfer critical for utilization of cryocoolers 
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Cryocoolers technologies 

▌Cooler families defined by 

mechanical solutions 

▌Compressor (pressure wave generation) 

Linear compressors with contact  

seal bearings or flexure bearings 

▌Cold finger (cold generation) 

Stirling cooler: Moving displacer 

- Main failure mode is displacer seal wear 

Pulse-tube coolers: No moving parts 

in cold side of the cooler 

- Higher reliability 

- Lower induced vibrations 

- Lower overall efficiency 
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Transfer of Electrical power > Cooling power 

         

        

  

Order of magnitude figures (Stirling cooler) Watt

Input power 150

Pneumatic power 100

Flow losses split pipe 5

Transition to cooling power (77-293) 17

Impact heat transfer warm side (20K) -0.84

Regenarator losses -7.00

Thermal conduction along CF -0.81

Impact heat transfer cold side (10K) -1.60

Nett cooling power 6.69

Overall Efficiency ≈ 13% of Carnot 

ROM values for standard Stirling cooler 
6 W @ 77K / 293 K 
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Example of  ≈ 1 @ 77K Watt cooler: 
  

Cooling power = Cold production – Losses 
(0.8 W = 3.7 W – 2.9 W) 

Cold finger / Loss of efficiency 

Loss effects cold finger: 
• Conduction losses (walls / regenerator) 
• Flow losses (pressure drop) 
• DT at cold  and warm end DT 

• Finite heat capacity regenerator 
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Wire thickness = 1/10 of human hair 

10 wires per mm 

1000 gauzes over 50 mm 

Not well controlled  

stacking of regenerator  

gauzes 

Main losses: 

1. Regenerator design 
2. Heat exchanger designs 

3. Conduction losses 
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Optimization of regenerator material for 60K operation 

Optimization of regenerator matrix for  PT coolers @ 60K required for use in  
JPL-NASA ECOSTRESS mission 

• Use of different StSt wire mesh geometries in the regenerator 

• Use of Ti6Al4V tubing to reduce conduction losses 

-/- 35% 
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Use of improved 60 K PT cooler 

System concept of ECOSTRESS 

▌ Design based on standard 4W @ 77K PT cooler  

2 coolers to keep sensors below 65 K 

1 cooler used at 120K for shield cooling 

▌ Improved performance @ 65 K required due to limited 

available power budget from ISS. 

▌ Distance between compressors and PT > 80 cm 

System has been fully operational for one year. 
ECOSTRESS mission extended with one year 

https://ecostress.jpl.nasa.gov/ 
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Pictures produced by ECOSTRESS 

ECOSTRESS land surface temperature images of four European cities acquired  

in the early mornings of June 27 and 28, 2019,  
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Impact of internal heat exchangers 

Pwr 77K 87K 20°C 30°C

≈150W 7.695 9.186 7.695 7.367 0.149 1.9% -0.033 -0.43%

≈ 75W 4.561 5.722 4.140 3.887 0.116 2.5% -0.025 -0.61%

≈150W 3.515 4.694 3.515 3.085 0.118 3.4% -0.043 -1.22%

≈ 75W 1.606 2.390 1.606 1.276 0.078 4.9% -0.033 -2.05%

dQe/dTamb

20 °C 77K

9340

9310

dQe/dTe

Impact of heat transfer gas > wall of cold finger is critical. 

Especially for higher cooling powers. 
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Impact of outflow of regenerator on cooling power 

▌ Impact of extra convective gas 

flow on the top of the regenerator. 

▌ Idea:  

Use side holes at displacer to 

improve heat transfer gas inside  

cold finger to wall. 

▌Effect: 

Better heat transfer coefficient  

leads to a better overall efficiency 

Significant improvement (20%) of 

cooling power (@ higher loads) 

-20% 
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Cross section of typical Pulse Tube cold finger 

         

        

  

Implementation of heat exchangers in PT coolers is “easier” due to mass flow through 

heat exchangers. Copper slit heat exchangers (EDM machining) are being used. 
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Some case study for system 
integration aspects 

1) PT system for cooling on electron microscope 

2) Simulation of dynamical behavior in applications 

3) Thermal links in 2 stage space cooler 
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Cooling of X-ray sensor on Electron Microscope 

▌System requirement 

Continuous active cooling of High purity X-ray germanium sensor to 110K 

Full system directly connected to electron microscope structure (@ 500k magn.) 

No visual distortion of image accepted 

Availability 5 years of operation. 

▌ Technical choices made: 

Reliability : Pulse tube technology + Flexure Bearing compressors 

No vibrations: Pulse tube cold finger + AVR @ Compressor + Flex support comp. 

Efficiency:  
- Direct mount of HPGe sensor at tip of cold finger 

- Hermetically sealed high vacuum dewar system 

- Forced air cooling supported by heat pipes and Peltier Cooler for Cold finger 
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System set-up PT cooler for electron microscope 

 
Dual opposed Piston flexure 

compressor with AVR 

U-shape Pulse Tube cold finger 

(500mW @ 77K) 

Copper extension for 

detector mounting 

Long split pipe and inertance to allow 

cold tip position close to object 

Depicted in red. 

2 heat pipes from warm end PT cold 

finger to TEC cooler  below compressor 

TEC 
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Thermal management 

Thermal simulations 

Thermal conductions 
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Thermal simulation of dynamical behavior cooler in application  

62 °C

T_setpoint 77 [K]

Simulation start time 0 [sec]

Input power 38.0 Time of simulation 1200 [sec]

Input voltage 10.6

Customer dewar dissipation: 0.600 [W]

Dewar dissipation measured at 23 [deg C]

Lineair scaling dewar dissipation [1=yes,0=no] 1 [-]

341.3 340.6 Detector variables

Detector dissipation: 0.345 [W]

Detector thermal mass (296K > 77K) 1400 [J]

Time after which detector switches on 1000 [sec]

Conductive / Radiative connections

1: Cold finger heat sinc <> Ambient coupling: 3.000 [W/K]

2: Cold finger heat sinc <> Cold finger coupling: 10.000 [W/K]

3: Comp heat sinc <> Ambient coupling: 3.000 [W/K]

4: Comp heat sinc <> Comp coupling: 10.000 [W/K]

5: Cold finger <> Cryostat coupling: 10.000 [W/K]

6: Cold finger <> Detector coupling: 0.250 [W/K]

Time = 1199 Seconds 7: Cryostat Detector coupling [Radiation]: 0.00000 [W/K]

8: Cryostat Cold finger coupling [Conduction]: 0.00263 [W/K]

Thermal mass compressor / heatsinks

Compressor mass: 1.300 [kg]

Cold finger warm end mass: 0.050 [kg]

0.704 Heat sinc 1 mass: 0.050 [kg]

Heat sinc 2 mass: 1.000 [kg]

Ratio dissipation via compressor: 0.5 [-]

Gain 2.00 [Vac/K]

Ki 10.00 [-]

Thermal energy removal / loss

0.00E+00 Removed Energy Detector Assy: 1471.0 [J]

Removed Energy Cold finger: 570.7 [J]

Actual detector dissipation 0.345 [W]

Dewar loss @ Tamb 0.679 [W]

77.0027448

0 Compressor Electrical data

0.345 77.00 Compressor impedance: 2.95 [Ohm]

0.00E+00 ` Compressor input: 38.0 [W]

Total heatsink dissipation: 39.2 [W]

Compressor load: 19.6 [W]

Cold finger load: 19.6 [W]

Cooler Control data

Erro -49.23 [K]

V_out 10.58 [Vac]

Regulated compressor voltage 10.58 [V]

Additional node information

Detector shield thermal mass 0 [J]

9: Thermal resistance detector - shield 100 W/K

10: Cryostat- shield coupling (radiation) 0 W/K

11: Detector shield - cold end 0 W/K

0

0.345

CDE settings

335.0

343.1

User variables (boundary conditions)

Dewar variables

343.1

75.62

Ambient temperature:

1.208

19.6

19.6

342.4

Cold Finger

Detector 

Cold tip

COOLER TMM

Ambient

CRYOSTAT

HEAT SINC 2                                       

COMPRESSOR

HEAT SINC 1

CRYOSTAT 
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 Used software THERMXL: www.esatan-tms.com 
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Comparison of simulated and actual performance 
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30 .. 50 K sensor system for ESA 

  

POG for 1st stage thermal link 
AL 5N for 2nd stage thermal link 

Compressor not shown 
ICC-19: Manufacturing and Testing of a Flight-Like Cryostat for 30-50K Two-Stage Pulse Tube Cooler, J Tanchon et.al 
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Conclusions 

Full understanding of heat and mass transfer is required for the design and 

optimization of cryocoolers 40 .. 150K. 

 

Critical for correct system performance is: 

- Regenerator design 

- Combination of parts with low and high thermal conduction 

- Heat transfer gas > wall > interface plate (at cold finger) 

- Thermal interfacing to the overall system (cold and hot side) 

 

Several case studies have been discusses, each with its own criticalities. 
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Back-up slides 

 


