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Figure 13. Motor efficiency vs. drive frequencyFigure 12.  Cooling power vs. drive frequency

PHASE II PLANS

The overall objective of the proposed Phase II effort is to deliver a pulse tube cryocooler for the

target application of providing 0.3 W of cooling at 35 K, with 150 K heat rejection temperature and

at most 20W of input power.  In this pursuit, MCG will design a pulse tube cryocooler coldhead that

will be driven by the LM compressor.

In order to drive the optimal oscillating helium gas flow to the pulse tube coldhead, a LM Mini

compressor will be reconfigured to optimize cooling with the 150
 

K heat rejection platform. To

complement the reconfigured compressor, a matching pulse tube coldhead will be designed, built,

and tested. The goal is to configure several versions of the coldhead, then test the respective inte-

grated cryocooler systems, and reiterate to demonstrate the feasibility of achieving the requisite

performance. Several pulse tube coldhead modeling methods of differing complexity have been

applied during the first phase of the project. Each successively more involved model was built on

the previous modeling that was done, ultimately leading to a prediction for a refined, optimized

pulse tube coldhead configuration. For the current project this means a layout that is optimally

suited for heat rejection to 150
 

K. The Phase I effort has afforded the initial iteration in the process

of truly optimizing the PTC layout.

SUMMARY

This Phase I SBIR work resulted in the first demonstration of a cryocooler operating at a heat

rejection temperature of 132
 

K, surpassing the program goal of 150
 

K. The cryocooler operated

without any known problems and provided 0.17
 

W of cooling at 35
 

K. This testing utilized an “off

the shelf” cryocooler that was not designed or optimized for 35
 

K cooling and 150
 

K reject tempera-

ture. Design and optimization of this type of pulse tube system is predicted to achieve 0.3
 

W of

cooling with 10 W of power input to the compressor.

The basic cryocooler system, which was previously qualified to TRL6, can be optimized for

the cooling required with relatively straightforward changes in the piston diameter and the iner-

tance tube. In addition, predictions indicate the required cooling can be achieved with the existing

regenerator materials (but with different regenerator and pulse tube dimensions). Development of a

more efficient regenerator would further reduce the input power required if successfully achieved.

The next step in demonstration of the system is to build an engineering model unit in Phase II

with optimized parameters to provide a full demonstration of the required cooling capability.
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