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ABSTRACT
Small closed-cycle Joule-Thomson (JT) cryocoolers offer certain advantages in packaging 

and heat rejection when compared with Stirling and pulse tube cryocoolers. This paper describes 
results of performance testing of a closed-cycle JT microcryocooler.  The JT cooler is driven by a 
200-gram JT micro compressor developed by Lockheed Martin and previously presented at ICC 191.   

of which are presented in this paper.  Testing was performed with R14 gas in both open-cycle and 
closed-cycle cooling modes. 

INTRODUCTION AND MOTIVATION

-
peratures of 80 K.  The primary space application for JT cryocoolers is for applications below 6 K 
using helium JT coolers, such as the MIRI instrument on the James Webb Space Telescope2.

Recent advances in mid-wave infrared (MWIR) focal planes allow operation in the range of 
125 K to 150 K3

using a JT cooler is the potential for compact cooler packaging.  Figure 1 shows a photograph of 
a MWIR camera built by Lockheed Martin Santa Barbara Focal Plane, which includes a state of 
the art MWIR focal plane packaged with a Lockheed Martin microcryocooler4, and the cryocooler 

sensitivity.
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CLOSED-CYCLE JT CRYOCOOLER COMPONENTS
The primary components of a closed-cycle JT cryocooler are shown in Figure 2. These include 

a closed-cycle compressor to provide the high and low pressures required by the JT thermodynamic 



The closed-cycle JT cooler has the potential to be packaged compactly.  Unlike Stirling-
cycle coolers, the JT compressor can be located remotely from the coldhead with very little loss 
in performance, and all the heat can be rejected at the compressor.  Furthermore, it is possible to 

be seen packaged remotely from the JT compressor.

JT Micro Compressor
The closed-cycle JT compressor, shown in Figure 4 was reported in a previous paper1. The 

-
pressor performance is shown in Figure 5.  The nominal low pressure is 75-100 PSI with a pressure 
ratio of around 4:1.

-

-

USA, was the primary task of the project that funded this work.  CU Aerospace has commercialized a 

Figure 1. MWIR camera incorporating a 
Lockheed Martin Microcryocooler

Figure 2. Primary components of a closed-
cycle JT Cryocooler.

Figure 3. Closed-cycle 
JT cooler, with the coldhead 
remotely packaged from the 
compressor.

Figure 4. Lockheed Martin closed-
cycle JT compressor, with a mass 
of 200 grams.  This compressor 
performance was previously 
reported1.

Figure 5. A subset of the measured 
performance of the JT Microcompressor 
shown in Figure 4
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material. This weave is shown in Figure 7, which shows a photograph of the woven material prior to 

-

and relying on the high thermal conductivity and short heat conduction length of the copper wires 

The as-woven geometry is shown in Figure 8.  Unfortunately, a glass warp tow was included dur-

where channels bend over copper wire, and the alternating capillaries contact different copper wires, 

weave were not understood until late in the project.  A correctly-woven sample was hastily produced, 
but there was leakage between the high- and low-pressure channels, so we were required to test the 

Figure 6a. Sacrificial Fibers (pink) woven with glass fibers.

Figure 6b. Woven material infused with epoxy resin using VARTM

Figure 6c. Fiber evacuation by heating to 200°C for 12 hours under vacuum

Figure 7.
center, showing the as-modeled geometry, and right, showing a micrograph of the as-manufactured channels 
with a high-contrast liquid.
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Manifolding was accomplished by CU Aerospace by machining a groove across the sample, 
which captures alternating channels, as shown in Figure 9.  These grooves captured either the top 
set or the bottom set of capillaries shown in Figure 8.  This simple manifolding technique worked 

in a simple and cost-effective way).

JT constriction.

Cold Block

shown in Figure 11.  The mating piece of the copper block included a constricting capillary 25 mm 

JT Working Gas
Testing was conducted with R14 gas (CF4).  The boiling point of R14 as a function of pressure 

7,8.

Figure 8. As-woven geometry.  Figure 9. Manifolding of the low- and high-pressure channels

Figure 11. Cold block, showing diffusion-Figure 10. Measured pressure drop in the high and low 
pressure capillaries.
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JT CRYOCOOLER TEST RESULTS
Figure 14 shows the JT coldhead, and shows the coldhead installed in the vacuum chamber 

and insulated with MLI.

Closed-Cycle JT Testing
For closed-cycle testing, the JT compressor was connected to the inlet and outlet tubes shown 

in Figure 14.  The gas low pressure was measured and set to 100 PSIA.  The high pressure was 
not instrumented, nor were any temperatures other than the cold block temperature, due to budget 

pumping on the coldhead.  Performance of the closed-cycle cooler is shown in Figure 15, with rather 
disappointing results. The cold block slowly cooled to around 6 K below ambient temperature.  The 

Open-Cycle JT Testing
In order to eliminate the JT compressor as the source of the poor cooler performance in Figure 

15, the compressor was removed, the R14 gas bottle was connected to the high-pressure side through 

and over the course of 6 hours, the cold block cooled to around 27 K below ambient temperature, 
as shown in the blue curve in Figure 16.

Figure 12. Measured flow through constricting JT capillary. Figure 13. Boiling point of R14 gas as 
a function of pressure.

Figure 14. JT coldhead (left), installed in the vacuum can (center) and wrapped in MLI (right).
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Data Analysis

difference between the ambient end and the cold end.  The dT at the cold end can be estimated from the 

CONCLUSIONS AND FUTURE PLANS
Although the test results were disappointing, there were many positive aspects to this Phase 

II STTR program:
1. 

Figure 15. Measured cooldown of closed-cycle JT cryocooler.  Temperatures are shown on the left, and 

Figure 16. Measured cooldown of open-cycle JT cryocooler.  Temperatures are shown on the left, and 
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2. A clever manifolding technique was devised which solved one of the most challenging 

channels.
3. 

even after multiple thermal cycles to cryogenic temperatures.
There is still clearly a need to increase the thermal transfer between the high- and low-pressure 

-
space has a clear path forward on this task, and we are awaiting additional funding to manufacture 
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