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Overview

Following on from the design heritage and success of previous STFC
Cryogenics mechanical coolers, (such as those used on ESA mission like
Planck) an advanced 2K-JT Cooler is proposed. This cooler utilises all of
our group's latest technological developments (which improve mass,
reliability and monitoring); as well as offering: long life, low vibration,
and temperature stability necessary for modern astronomy mission. The
cooler is currently an engineering model designed for ESA.

Joule-Thompson Cooling

The 2K-Cooler relies on the Joule-Thompson effect (JT). This effect is
observed when a fluid (Helium in our case) moves through a throttle
from a high pressure to a low pressure. If the process is adiabatic there
Is no change in kinetic energy and the enthalpy remains constant. If the
temperature of the fluid is below its inversion temperature then the
expansion increases the potential energy of the system; because it
opposes the attraction between molecules (Van der Waals force). Due
to the conservation of energy this must mean the kinetic energy, and
therefore the temperature, of the system falls.

Helium, Hydrogen & Neon all have very low inversion temperature at
atmospheric pressure. As a result, the 2K-Cooler will require precooling
to well below this temperature (~36K) or a cooling effect will not be
observed.

The |T effect has been chosen in preference to the Stirling cycle because
in order to achieve such low temperatures a very low helium vapour
pressure needs to be generated. It is impractical to expand the gas to
these low pressure with piston technology and still be both compact
and efficient.

Cooler Layout

The 2K-Cooler is a closed cycle refrigerator (i.e. no gas is lost). There
are four distinct modules to the cooler connected in series, Figure 1:

A A GM cooler provides pre-cooling to each stage of the cold plumbing
(in the test configuration) the 2K stage sits on top of this with the
throttle orifice.

A Once expanded and cooled the helium gas needs to be pumped back
up to high pressure, this achieved by our four-stage linear
compressors, Figure 2.

A The high pressure gas is filtered and cleaned on the ancillary panel.

A There is an option to include or bypass a prototype scroll pump to
lower the temperature & pressure further.
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Compressor Mechanisms

The compressors circulate the helium and increasing its pressure,
this provides continuous cooling power at the 2K orifice. They
comprise several key components:

A Compressor body — this is the mechanical & thermal anchor to
the space craft, as well as forming the cylinder bores. It supports
all the mechanisms components and ensure their alignment
(which minimises vibration).

A Flapper values — allow one way circulation of gas, these locate on
the body and are designed to minimise dead volumes & response
times.

A Pistons — made from engineering plastics to match the CTE of the
cylinder bores. Pistons are optimised to: minimise the force
required to do work on the gas; minimise vibration by mass
balancing them in
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