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Currently the United States Navy is seeking out alternative forms of cooling for their
communication devices both on board naval vessels as well orbiting satellites. In order to
maximize the efficiency of this equipment, the Navy needs to be able to reach temperatures on
the order of magnitude of 4 Kelvin. With these low operating temperatures, the electronic noise
between communication decreases significantly. This allows for an increase in switching
between analog and digital signals to occur as well as an increase in the operating bandwidth and
efficiencies of these systems. In short, communication becomes more audible as well as the
transmittal time decreases significantly. This allows for a more interconnected fleet which
enhances the fighting capabilities of all naval forces.
In their quest to reach these goals, the Navy is considering several devices. The most
promising of these devices is the pulse-tube cryocooler. The pulse-tube cryocooler operates on
the principles of the Stirling cycle. The high efficiency of this system, in relation to the Stirling
cycle, comes from the lack of moving parts in the tube. This lack of moving parts allows for a
substantial decrease in losses due to friction.
Very little research has been done on this cryocooling system. The main reason for this are
the costs associated with performing the real world testing necessary to obtain valid data. The
average system costs $80,000 to $100,000 to operate annually, on top of the ever growing costs
associated with manufacturing the customs parts needed to run the experiments. Many defense
contractors such as Northrop Grumman and Lockheed Martin are hesitant to run these tests
because of the high costs associated with only running a single design iteration. It is therefore the
goal of this design team to numerically model the operating process of the pulse-tube cryocooler
using computational fluid dynamic coding software.
The design team analyzed three key aspects of the design model: (1) regenerator affects (2)
off-axis effects and (3) wall effects. These areas of study were chosen because the loses of the
overall system were the greatest in these three components. The data collected from these three
areas of study were then compiled into an overall design model. This design model takes a users
inputted operating conditions, interpolates this information with the data collected and outputs
the cryocooler’s overall efficiency. By running these operating conditions theoretically, rough
estimate of how this system will operate can be determined. This will allow defense contractors
the ability to determine whether or not a system will work and is worth constructing for real
world testing.

