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AbstoraAktcontinuous closed cycle cooler to oper
been successfully designed and tested by Chas
Cardiff University Astronomical Il nstrumentatic
has temperature and heat | oad capability of ar
Here we discuss the suitability of this wunit
module to produce a cryogen-free cooling platf
at temperatures of | ess than 100 mK.

1. I ntroducti on

Ultra-low temperatures are required for a wide r

and astronomy [ 1]. However, refrigeration techni

expensi ve, with much greater cooling power than

technol ogies now in development.

Mi ni atur e, self-contained dilution modul es <cap
power, at operating temperatures between 50 and
di fferent designs have been described [2]. Typi
single-shot, c¢closed-cycle sorption coolers, whic
of the dilution module for a |imited duration. T
ti mes can be rather | ong and cycling the single-
adequaneéei nuroaucsool i ng however, a miniature dilut
operating at wultra-low temperatures indefinitely
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t s work is to develop a compact,
by integrating
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u

[

a sealed continuous pre-cool er wi
eviously reported [ 3] ,°He ns avrthp tciho m
i tandem. The essenti al compone
modul e, have both been devel
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stage and in this paper we discuss their integra
cool er.
2. Dilutor performance
The miniature dilution module is %e sé&ted e€Coohi hgt
is effecteéHebymodiercaudleast iacg oss t°He- phabepHrasadan g
poor phase, as in a conventional dilution refri
mi xture is contained entirely within the modul e
systems are needed to drive the circulating fl ow
bet ween an evaporating stild!l and a condensing i
osmotic pressure across the phase bouieardy oiws ,t h
as | i qufH®e,- riictho pthheese i n the mixing chamber. From
and is returned via a heat exchanger back to t he
back to the condddeseequiThedquaneharygefthe dil ut.i
l'itres, which is an important®HeonAs dehatdohugi o1
sealed, no gas is consumed during its operation
any moving parts that could be a source of unwan
We have investigated the performance of the di
assess its performance under various operationa
cool ant compositions and vol umes. During initial
using a Chase Research Cryogenics (CRC) “Hel i ur
temperatures below 300 mK, itself pre-cooled to
cool down of the dilution modul e, shown i n Figure
than 100 mK. (Note, colour figures are availabl e
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The response of the mixing chamber or head ten
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*He fl ow through the system. The results are sho
performance when tilted are not yet fully unders
design of the module. The temperature of the hea
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Results indicate that the dilutor module shoul d
|l oad on the dilutor head is around 3 pW or | ess.
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The dilution module was also tested with diffe
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and coolant composition. The different mixture c
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Tabl eColo:l ant mi xture compositions te

Mi XxXtur e Hel i uHe |3i uSiioA4 alli tcroeod ant v ol ume
(% of tot&8TPviblum@y® | itres
Mi x 1 1.84 (46 %) 2.14 3.98
Mi x 2 1.92 (46%) 2.22 4. 19
Mi x 3 1.97 (47%) 2.27 4. 24
3. Continuous cryocooler performance
The continuous sorption cryocooler operates ess
antiphase. Both modules cool the same final evap
modul e condenser. Each®HeoaBddei agommodul e. cesnhsmi $as
shot *“Helium 7’ cooler. An early prototype of tt
et al. [4], who demonstrated that it operated at
t her mal |l oad. I't remained stable at that temper
system was switched off. The operating temperat
fluctuations of a few tens of mK owing to the r
stabilized using feedback control, at the expenc
feedback <control the early prototype supported
temperature of 365.0 £ 0.1 mK for more than 24 h
A second i mproved prototype of this continuous
a 100 mK continuous cooling system developed for
Testing of the Iimproved prototype has not yet be
demonstrated that the recycling parameters can |
under the high ther mal | oads expected in MUSCAT.
(which is dominated by the [ oad from the still,
of the first prototype (with optimized recycling
condenser of the miniature dilutor modul e. Fi gu
prototype continuous cryocooler under a 400 pW |
the two sorption modules and the black trace is
takes some time to achieve a steady state, with
when no feedback |l oop is implemented to stabildi
prototype i s expected to be better than the exan
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4 . Di scussi on

The efficiency of the miniature dilutor is |l arg
cooler under the |l oad i mposed by the stil]l [ 6] .
would increaseHe handiprcoadaceé ohowdér temperatures
mi xing chamber. Design changes made to the secor
i mprove its performance as a dilutor pre-cool er
attention to minimizing the | oading on the dil uft
overall performance of the combined pre-cooler /
When compared to conventional dilution cool er s,
cooling power, l ess than 1% for example of the

Uhlig [T7]. Cost and size considerations aside,

single photon or particle sensing applications.

applications are in development have very | ow po
only 1 pW is often sufficient for detector array
Al ternative compact, closed-cycle continuous ¢
Bartl ett et al . [ 8] describe a schema for a mil
demagnetization refrigerators (ADRs) working in
magnetoresistive (superconduction transition) he
at a temperature of 300 mK is between 30 and 60
temperature of 450 mK. That <cooling power would
modul e we have developed

A completely different design for a “*“Heomppact'’

cooler operating at a temperature of around 1K,
is intended to provide a cooling power of sever
invol ves two separate gas-handling systems and p
the dilution module itself is very compact, the
modul e “devdprtérecool er is not.

5. Concl usi on

Our miniature dilutor module requires a pre-cool
of 300 pW, while cooling the condenser to a temp
using a continuous <cool er t hat cycles two sorp
evaporator. The size of the continuous cool er i s
approximately 3 kg.

Our modelling and test results suggest that whe
continuous miniature dilution cooler wildl achi e\
also offering rapid cool down and “push button”

requirements for testing the next generation of
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