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ABSTRACT

This paper describes the progress towards a single-stage, low power (< 1 W) mixed gas Joule-

Thomson (MGJT) cryocooler for cooling the current leads required by superconducting electronics.

By thermally integrating the leads with the recuperative heat exchanger in the MGJT cycle, it is

possible to intercept the electrical dissipation and conductive heat leak of the wires at a relatively

high temperature thereby providing a thermodynamic advantage.  Also, cooling the leads instead of

the cryogenic platform may provide some advantages relative to thermal integration.

A model has been developed to optimize the concentration of the MG working fluid and the

design of the recuperative heat exchanger.  The model incorporates the thermodynamic properties of

the mixed gas, accommodates a distributed heat load, includes loss terms for pressure drop, axial

conductance, and ineffectiveness, and optimizes the cooling power per conductance (QÉ/UA) of the

heat exchanger in order to provide the most compact design.  For the relatively small amount of

cooling power required for the current leads associated with superconducting electronics (~250 mW),

the model defines an optimized mixture, appropriate mass flow rates (~ 0.05 g/s) and the necessary

heat exchanger conductance, UA (~ 2 W/K).

Two variations of a Hampson type heat exchanger have been designed using the optimization

model and constructed to characterize the performance of the MGJT coolers in open and closed

cycle operation, and with localized and distributed heat loads.  In closed cycle operation, a two-

phase, fluid management problem has been identified at very low mass flow rates.  The fluid man-

agement issue limits the performance of the cooler due to insufficient vapor velocity to prevent

excessive liquid accumulation.  Operation at higher flow rates has demonstrated the increased per-

formance with a distributed load verses an equivalent load localized at the cold-end.

INTRODUCTION

The mixed gas Joule-Thomson cycle has been identified as an advantageous cooling scheme

for current leads because it affords the thermodynamic benefit of absorbing heat over a broad

temperature range.  Heat is dissipated within a current lead at all points between the room

temperature and cryogenic ends, but by integrating the lead with the return-side of the MGJT

recuperator, the heat can be absorbed by the refrigerant at all temperatures at which it is

generated.  The advantage of such a configuration is depicted in Fig. 1.  A current lead cooled
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with the MGJT system can be converted from a significant heat load on the cold chip platform of 

the superconducting electronics device where it produces undesirable temperature gradients in 

the platform, to a localized refrigeration source.  An array of such leads then provides the 

secondary benefit of smoothing out the on-chip temperature profile. 

The advantages of mixed gas refrigerants as compared to pure gases in JT coolers have been 

discussed by many previous authors.
1-4

  In addition to the significant cooling power available at 

relatively low operating pressures, the present application takes advantage of the large 

temperature range over which two-phase heat transfer enhances the recuperator conductance.  A 

unique characteristic of the present application is that the desired level of cooling power is 

relatively small (~ 100 mW) and the associated low mass flow rates present challenges for fluid 

management. 

The subsequent section describes the features and use of a model developed to optimize an 

MGJT cooler that is subjected to a distributed heat load.  Details of two different coolers that 

have been fabricated based on the model are then presented, followed by the performance 

characteristics of both coolers. 

 REFRIGERATION SYSTEM MODEL 

The model developed for the MGJT cooler presented in this report incorporates multiple 

unique features.  First of all, the model is based on the optimization routine developed by 

Keppler et.al.
5

 and utilizes the NIST-4 data-base for gas mixture properties, within a genetic 

optimization scheme provided by the Engineering Equation Solver (EES) software package
6

.  

The routine ensures an energy balance for the overall system depicted in Fig. 2 through the 

following set of equations: 
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Figure 1.  Comparison of heat flow and impact on cold stage of superconducting electronics for

uncooled and actively cooled current leads. 
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Figure 4.  Side view cutaway (left) and enlarged end view (right) of the Hampson style heat
exchanger.  For clarity, the fins are not included in the side view.  Finned tube geometry defined by
rit, inner tube (mandrel) radius; tf, fin thickness; rft, outer radius of finned tube; rf, fin outer radius;
Sft,fin spacing; and Lfin = rf � rft, the �length� of the fin.
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Figure 5a.  Model predicted cooling power for device A. 
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