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The Coolahoop

Inventors: Gregory W. Swift, Physics Division; Richard A.
Martin, Mechanical and Electronic Engineering Division;
and Ray Radebaugh*

Researchers at Los Alamos National
Laboratory and the National Institute of
Standards and Technology have developed a
cooling system with no moving parts that
produces very low temperatures and has no
apparent limitations on its lifetime. The
Coolahoop, so named by the inventors
because its acoustic resonator reminded
them of a Hula-Hoop, is a breakthrough in
cryogenic (ultralow-temperature) cooler
technology. The system will make possible
long-term, maintenance-free cooling for
operations that often occur in remote
locations, such as livestock artificial
breeding, natural gas production, and
climate and resource monitoring by satellite.
For inventing the Coolahoop, the researchers
won an R&D 100 Award in 1990. Research
and Development Magazine distributes these
prestigious awards annually for the one hundred
most significant technical innovations of the year.

The heart of the
Coolahoop is this
orifice pulse-tube
refrigerator, consisting ~ 1he Coolahoop System
of heat exchangers and a
regenerator in series in

The invention is a very simple device, consisting

the U-shaped tube, a only of assorted tubes and heat exchangers, and it
flow impedance, and the contains very ordinary materials—brass, copper,
large ballast tank at stainless steel, and helium gas. The Coolahoop uses
right. a thermoacoustic engine—a device in which

acoustic resonance converts heat to oscillatory
pressure—coupled to and driving a pulse-tube
refrigerator.

The pulse-tube refrigerator is a variant of the
Stirling-cycle refrigerator, which typically has two
pistons (one at the ambient heat exchanger and one
at the cold end). The Coolahoop’s pulse-tube
refrigerator consists of two ambient-temperature
heat exchangers, a regenerator, and a cold heat
exchanger, arranged in a series and filled with high-
pressure helium gas. To eliminate all moving parts,
the inventors replaced the cold piston with a passive
dissipative structure consisting of a flow impedance
and a ballast tank, both at ambient temperature,
which absorb energy from the helium gas. They

replaced the hot piston with a thermoacoustic engine
in which a heat-driven standing sound wave carries
the gas back and forth along the temperature gradient
between the high-temperature heat source and the
ambient-temperature heat sink. The sound wave
pressurizes and depressurizes the gas in phase with
the attendant thermal expansion and contraction,
thereby producing acoustic energy to sustain the
standing wave and drive the pulse-tube refrigerator.

Advantages and Applications

The Coolahoop’s efficiency is now comparable
with that of mechanical cryocoolers; the first
prototype required 3000 watts of input power,
reached a low temperature of 89 kelvin (—184°
Celsius) and had 5 watts of cooling power at 120
kelvin (—153° Celsius). The maintenance-free
lifetime and reliability of the Coolahoop, however,
are unmatched. Mechanical cryocoolers require
maintenance about every two years because of wear
on moving parts, plugging of low-temperature
orifices, or both. The short lifetime of mechanical
cryocoolers renders them useless for satellite cooling
and seriously hampers their commercial and indus-
trial applications on Earth. Because the Coolahoop
contains no exotic materials, has no pistons or
cylinder walls, and requires no close-tolerance
fabrication techniques, its manufacturing cost will
likely be one-fifth to one-tenth of that for conven-
tional cryocoolers.

The Coolahoop will be useful for cooling detectors
on satellites, such as the infrared detectors used for
climate monitoring and surveying the Earth’s
resources. It can also produce small amounts of
liquid nitrogen at low cost and on site for applica-
tions such as medicine and the livestock breeding
industry. Currently, liquid nitrogen must be pro-
duced at large central facilities and shipped to remote
sites where it is needed.

Larger Coolahoops, which will be far more
efficient than the first prototype, are being devel-
oped. These larger Coolahoops will be able to
liquefy great amounts of nitrogen, oxygen, and
natural gas on site. Costs of the liquefaction will be
low because the Coolahoop can take advantage of
cheaper energy sources—such as coal or natural
gas—than the electricity used to power conventional
mechanical cryocoolers. A potential application of

* Ray Radebaugh works for the National Institute of
Standards and Technology.
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