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SURVEY OF THE STATE-OF-THE-ART OF MINIATURE CRYOCOOLERS
FOR SUPERCONDUCTIVE DEVICES

L Introduction and Summary

Full use of superconductive electronic devices requires the availability of miniature
closed-cycle refrigeration devices which have high efliciency, high reliability, and low power
requirements and operate in the 4 to 10 K range. Refrigerators meeting these requirements
in the 80 K range have been developed over the past decade and are now produced by a
number of manufacturers. Iractional watt refrigerators having low power requirements
and suitable for cooling the present state-of-the-art superconductive electronic devices in
the 4 to 10 K range are not generally available. It is the purpose of this report to review
the current status and availability of equipment used for cooling electronic devices and to
provide a data base frem whichi to establish guidelines for future developmental efforts.

The status of miniature cryocoolers was reviewed in 1969 by Daunt and Goree [1].
Specifications for coolers available at that time are presented by _rawford [2]. Our purpose
in this survey was to update Daunt’s report. During our survey we contacted over 100
manufacturers and research facilities in the United States, Europe, and Japan. We followed
up these contacts with visits to over 60 facilities in order to obtain first-hand information on
the status of development activities pertinent to the production of fractional watt coolers

in the 4 K range.

Over the past decade development of cryocoolers has been extensive in three areas:
1) the production of military use coolers for infrared detection devices in the 80 K range;

these units are being produced in large quantities by a number of manuafacturers, 2) the

production of closed-cycle refrigerators for cryopumping operations, 3) the development of

long-life coolers suitable for space operation.

s
'{'n s

Although the survey was aimed at fractional watt coolers suitable for operation in

ir

the 4 to 10 K range, it appcared desirable to include in the survey all small coolers in

v v"’!"‘
o

the temperature range 4 to 80 K. The requirement for large numbers of coolers for the

N

infrared detector market has provided the impctus for development of highly reliable,

efficient and compact units. This technology can be readily applied to the production of

smaller low temperature devices once the requircment for large numbers of units manifests

itself. Refrigerators in this category are described in Section III.

Significant advances in the state-of-the-art of cryocooler development over the past
decade are reported in proccedings of conferences held at the US Air Force Academy,
Colorado, in 1973; the American Institute of Physics Conference in Charlottesville, NC
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in 1978; the Proceedings of the Closed-Cycle Cryocooler Conference in Boulder, CQ, Oct.
1977; Proceedings of the Refrigeration for Cryogenic Sensors Conference, Boulder, CO,
Oct. 1980; and the sccond biernial confer 1ce on Refrigeration for Cryogenic Sensors held
at NASA Goddard Space Flight Center in Dec 1982 [3-7]. Waiker presents an overall view
of cryocooler design fundamentals and developments in his book, Cryocoolers [8].

1

Refrigerators for cooling electronic devices are, in general, embodiments of the Stirling
cycle, whether integral or cplit cycle devices [9]. Other cycles include the Gifford-McMahon
cycle which finds widest applivetion in ground-based units, the Vuilleumier cycle which has
been applied to cryocoolers designed for long-term space operation and the Claude and
reversed Brayton cycles. In general, the specific application of the cryocooler dictates the
design requirements and plays a role in the selection of the cycle to be employed [10].
For example, the integral Stirling system while most efficient, has the drawback that the
mechanical drive components must be in close pruximity to the cold end refrigeration
portion of the unit. This disadvantage is climinated by using the split Stirling cycle.
Requirements for long operaiing lifetimes favor the Vuilleumier cycle which has fewer
moving parts and unbulanced forces that reduce the number of wear components in the
system. Most of the developmental effort has focused on increasing efficiency and reliability

of the various coolers now in production.

Cryocoolers under development are described in Section IV. These include one-of-a-
kind coolers for long-term space application, the development of improved regenerators
for lower stages of Sti.iing cycle systems, the development of gas adsorption refrigeration

systems, and the development of magnetic refrigerators.

Areas of basic development activity are indicated in Section V where we have given
some indication of the companics and facilities werking in specific areas of improvement.
These include novel heat exchanger designs, the design and development of more effective
seals, development of materials to reduce the contamination problem in small systems,
the design and development of comipressors and expanders, and the development of more
efficient regenerators which will permit operation of Stirling cycle machines at lower

temperatures.

Although we have attempted to include an update of all significant developments
which might lead to more effective and cllicient refrigeration systems in the 4 K range, we
are unable to report a number of developments whick are subject to restrictions on the

dissemination of information, cither as a result of potential inilitary application or as a
result of proprictary commercial development.
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The most significant change noted in this feld since the time of the Daunt and Goree
report (1969) is greatly intensified interest and activity in Josephson junction, NMR,
and high vacuum applications of cryogenic technology and the increased production of
cryocooler= in Europe and the emergence of extensive cryogenic systems development in

Japan.

II. Key Opportunities for Further Development

——

Future requirements for cryocoolers in the 1-W, 4-K range dictate continued devel-
opment in several areas. Our survey disclosed a number of key areas where research is

necessary to permit the achievement of a reliable, eflicient and compact cryncooler.

. In order to achieve a closed-cycie refrigerator with high efficiency, it is necessary to
understand the basic loss mechanisms. The design and production of cryocoolers
to date and those currently in operation are, in general, scale-ups or scale-downs
of existing equipment. Basic developmental work is required to provide a means
for understanding loss mechanisms so that more efficient units can be designed and

fabricated and existing cryocoolers improved.
o

. The development of compressors which are free from contamination and which do
not emit contamination products to the gas stream would contribute significantly
to the reliability of cryocoolers operating in the 4 K range. Contamination-free
compressors are particularly important in order to achieve satisfactory operation of

all small cryocoolers.

. The development of efficient and compact heat exchangers and the understanding
of heat transfer mechanisms in areas where the solid wall specific heat is small is a
requirement of many systems. Development in this area could lead to the design and

construction of highly efficient small cryocooler systems.

o A number of problemns associated with the presently available equipment are related
to the materials used in fabrication. These materials either wear away in areas
where they are used as seals, thus reducing the efliciency of the machine in time, or
the materials, through wear, contribute contamination particles to the system and
eventually block the flow passages. Development is being carried out in many areas
to provide materials which are acceptable as seals and wear surfaces for cryocooler
equipment. Further development in this area could lead to systems which would have

a higher degree of reliability and performance.
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) One of the limitations cf the Stirling cycle is that of the very low heat capacity
of materials which are suitable for regenerators. Development in this area has been
extensive over the past 10 or 15 years. Further development and discovery of suitable
materials or new combinations of materials could lead to a generation of Stirling cycle
coolers which would have their operating range extended from the present limit of

about 10 K to a lower limit, making it possible to operate Stirling cycle cryocoolers
at 4 K.

) As a result of the limitation of Stirling cycle systems noted above, it is desirable to
investigate other cycles which might prove efficient at the 4 K range. These include
combinations of other schemes in connection with the Stirling cycle and also Claude
cycle refrigerators and vapor recompression cy:le cryocoolers. The development of a
viable vapor recompression cycle refrigerator would require design and development

of a cold compressor.

Research and development in the areas listed above are being carried out by a number
of commercial companies and by government laboratories and universities. However, it is
the general conscnsus, particularly in the United States and Europe, that development
programs aimed at the production of fractional watt 4 K coolers are being conducted
on budgets that are inadcquate to realize significant results in any specific area in the

immediate future.

II. Commercially-Produced Cryocoolers

The first major requirement for small cryocooiers was brough about by the need
to refrigerate ground-based parametric amplifiers for use in the satellite communication
network at 4 K. Several units meeting this requirement were developed and built by
A.D. Little, based on the Gifford-McMahon (G-M) cycle with a Joule-Thompson (J-T)

circuit. These units produced a few watts at 3.8 - 4 K. Further development in amplifier

performance led to an amplifier which would perform satisfactorily at 20 K. As a result,

:f‘ the major market for the Gifford-McMahon, closed-cycle, 20-K cooler evolved. Cryogenic

E Technology Inc. has produced close to 1000 of these units which are in continuous

E. operation in the satellite communications network. This basic Gifford-McMahon cooler

is also produced by Cryomech Inc. and by Air Products Inc. These two companies, as

% well as Cryogenic Technology Inc. (CTI Cryogenics), have built a number of G-M units for

; specific appiications with the addition of a Joule-Thompson loop to provide a final stage

L" of refrigeration at 4 K. Units of this type have also been furnished by Crycsystems Inc.

3 ;
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and by Cryogenic Consultants Ltd. in England. Installations include cooling of computer
systems and cooling of superconducting magnets for magnetic separation processing and

for NMR experiments. A typical G-M refrigerator is shown schematically in Figure 1.

The next major market to evolve was that of cooling infrared detectors. The initial '
requirements for I-R detectors were 0.25 - 2 W at 80 K. A number of manufacturers became
involved in procacing refrigerators for this Jevel of refrigeration. Thousands of open cycle i

J-T units have been produced as well as several thousand integral Stirling and split Stirling

b g

refrigerators. These units are used for cooling military infrared (TR) detectors and are
produced both in the United States and abroad. A typical Stirling IR cooler is shown in
Figure 2.

This requirement for large numbers of coolers for infrared detectors in the military

I I g g )

system led to development of a common module cryococler meeting specific size, weight,

and performance requirements. These units are manufactured by a number of companies

gy e g

in the U.S. and by companies abroad in order to serve their own government defense
systems. These companies, in addition to CTI-Cryogenics and Air Products Inc., include
Hughes Aircraft, Texas Instruments, H.R. Textron, and Magnavox in the U.S.; Telefunken
Co. in Germany; L’Air Liquide and A.B.G. Semca in France, Hymatic in England; Philips
in Holland; Ricor Ltd. in Israel; and Galileo Corp. in Italy.

T P LU T

sl T

"The third major commercial market to open up was that of cryopumping. A number

of G-M and Stirling cycle refrigerators were installed on cryopumping systems in the
early 1970’s. However, the market did not fully develop until coolers were required for

semiconductor production.

il e

The general range of cooling required for cryopumping systems is 50 - 65 W at 80 K

Fh Sk 2
T

[
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and 5 W at 12 - 15 K. Closed cycle refrigerators for cryopumps in this range are produced
by CTI-Cryogenics, Air Products, and CVI Inc. In addition, the major vacuum equipment
companies produce their own refrigerator systems. These include Balzers High Vacuum,
Varian Inc., Sargent Welch Inc. in the U.S.; L’Air Liguide in France; Leybold-Heraeus in
Germany; and Osaka Oxygen Industries, Suzuki Shokan Ltd., Ulvac Cryogenics Inc., and

FORT M AT O
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Toshiba Corp. in Japan.

B o o

The major manufacturers of closed cycle cryocoolers are listed in Table 1. Figure
3 indicates the refrigeration capacity and operating temperature range of commercially-

available cryocoolers. The specifications for these units are presented in Appendix B.
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Table Ia
Commercial and Production Cryocoolers

USA

Cryopump Closed Cycle J-T
45K 10-20K 20K &80 K 80 K 80 K
14 W 1-5W 4 WE&660W 0.25-2 W 1-2'W

Manufacturer

Air Products & Chemicals X X X X
AiResearch X

Balzers High Vacuum X

Cryomech Inc. X X

Cryosystems Inc. X X X X
CTI-Cryogenics X X X X

CVI Incorporated P

Hughes Aircraft Co. X

MMR Technologies X
Magnavox X

Sargent Welch X

Texas Instruments X

H.R. Textron X

Varian X
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Table Ib
Commercial and Production Cryocoolers
Outside the USA

i, i Wl .’
A miﬁ.‘:v M 1.$lum;.vnn

Cryopump Closed Cycle J-T
4-5K 10-20K 20K &£ 80K 80 K 80 K
1-4 W 1-5W 4 W&60W 0.25-2 W 1-2'W

Manufacturer
UK
Cryogenic Consultants X X X
Hymatic Engineering X

Holland
N.V. Philips X

France
L’Air Liquide X X
A.B.G. Semca X

Germany
Leybold-Heraeus X
Telefunken AG X

Italy
Galileo X

Israel

Ricor X

Japan
Aisin Seiki X
Hitachi
Ulvac
Toshiba
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Fig. 3 — Commercially available cryocoolers




Performance characteristics of production cryocoolers are shown in Figure 4 which
indicates the ratio of compressor input power to available refrigeration Wc/Q vs. tem-
perature.

Figure 5 shows the weight vs capacity of cryocoolers for several temperature levels.

Although there are no companies producing many refrigerators mecting e require-
ments of 1 W at 4 K with a reasonable efficiency and size suitable for cooling srall super-
conductive devices, the major manufacturers contacted have the capability to develop such
systems. Development, however, would require a major funding effort: reliable operating
systems would only become available through production of hundreds of units. Companies
are unwilling to invest large sums of research money in advancing the technology unless
they can be assured of large production contracts through which they can recover their
investment.

IV. Cryocoolers Under Development

In this section, we review a nuinber of cryocoolers under development. Several have
been developed under specific contracts for a defined purpose; others are aimed toward
improved operating reliability or toward improving a manufacturer’s marketineg sosiiion.
In addition to those discussed, there are several units under development for use in tactical

defense systems, both in the U.S. and abroad, for which data are of a restricted nature.

Several coolers have been developed and tested specifically for long life (5 year) space
operation. Particular cffort has been expended to reduce the number of moving parts and
to eliminate as far as possible any wear which might cause contamination. These programs,
listed below, have been under development for the past 10 years with substantial funding

from the U.S. space program.

. A.D. Little has developed a rotary reciprocating refrigerator operating on a 2-stage
reverse Brayton cycle with a capacity of 1.2 W at 12 K.

. Hughes Aircraft has built six operational units based on the Vuilleumier cycle. The
refrigerator uses sliding seals and a rotating crank which produces a 90 degree phase
shift between the hot and cold displacers. This unit produces 0.15 W at 11.5 K in
its 3-stage embodiment.

. Philips Laboratory has built a magnetically-suspended linear drive system operating
on the Stirling cycle. In tests the unit produced 5 W at 64.6 K with an input power
of 220 W.

11
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AiResearch has produced a prototype turbo refrigerator which operates on the reverse

Brayton cycle using a helium-neon mixture as the working fluid. The turboexpander
is suspended on foil-type gas bearings. The system has a capacity of 20 W at 20 K.

These refrigerators, along with predictions of future performance capabilities, are
described in detail by Johnson [11].

Several organizations have developed prototype systems aimed at low power and high
efficiency, with long operating life characteristics. These developments are indicative of
what is required to produce a 1 W, 4 K cooler.

° J.E. Zimmerman, at NBS, Boulder, has constructed a low power split Stirling cryocooler,
using a tapered epoxy-glass composite displacer and neoprene diaphragm compressor.

The unit has reached a temperature of 7.6 K.

° S.H.E. Corporation designed and built a 4-stage G-M cooler using a gap regenerator
and a G-10 fiberglass epoxy displacer which operated at 7.6 K. Tests were run using
3He to reach lower temperature. Additional testing was carried out where the fourth
stage was replaced with a Malone stage heat exchanger in anticipation of increased

performance.

° A “no moving part” gas adsorption refrigerator has been developed by the Jet
Propulsion Laboratory. Components have been built and upper stages tested. A
cooler in the 4 K range would require adsorption stages of neon, argon, hydrogen,

and helium. They predict a capacity of 1 W at 20 K with an input power of 129 W.

. Jet Propulsion Laboratory has under development a diaphragm compressor using
an oil-backed polyurethane diaphragm. This compressor is incorporated in a closed-
cycle cascade J-T cycle refrigerator, using CF,/N2/Hz/He which could produce 0.025
W at 4.5 K with an input power of 100 W.

° Magnetic refrigeration systems have a potential for operation as an additional stage
in the lower temperature ranges. Several developments in this area have been carried
out and are being continued. The magnetic refrigerator uses as a working substance
gadolinium gallium garnet which has a relatively high entropy density and high heat
conductivity. The refrigerators are operated in a Carnot cycle. Development has
been carried out at Los Alamos on a rotating system, moving the crystal in and out
of a magnetic field, and at NASA Lewis, using a reciprocating motion. I Japan,
Toshiba Corp. and Tokyo Institute of Technology have built a refrigerator working
between 4.2 and 20 K. In this unit, the magnet is energized and deecner sized to

14
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operate the cycle. The laboratory at CEN Grenoble, France has built a magnetic

i Jn

refrigerator which operates betwcen 4.2 and 1.8 K. This unit has been very successful

i and work is continuing toward development of a magnetic refrigerator which will

o

operate between 4.2 and 20 K. This unit uses a reciprocating mechanism to move
the gadolinium gallium garnet crystal in and out of a § tesla magnetic coil. Work
on a small magnetic refrigerator is in the preparatory stage at the MIT Cryogenic
Engineering Laboratory. The development work on magnetic refrigerators appears
to be most advanced at CEN Grenoble.

. Cryocoolers under development for the infrared cooling range include a three-stage

Stirling-type refrigerator being developed at the Night Vision Laboratory at Fort

Belvoir, Virginia.

. One of the most significant developments in small cryocoolers is that of micromiria-
= ture refrigerators. MMR has developed means of producing a Joule-Thompson type
refrigerator on a glass substrate using fabrication methods developed in the semi-

conductor industry. The heat exchanger and J-T valve can be hermetically sealed
and perform satisfactorily as open cycle J-T refrigerators. MMR is currently devel-
oping compressors to match the heat exchanger systems and to provide closed-cycle

' devices.
5 . General Pneumatics has built a cooler for infrared detector refrigeration based on
the Claude cycle, using a diaphragm compressor. Energy Research & Generation

: has developed split Stirling refrigerators to cool infrared detectors. Also, Kryovac

,= Scientific has built a split Stirling refrigerator with a double transfer line. These
units produce 1 W at 8% K.

. In England, the Hymatic Co., which produces thousands of open-cycle J-T coolers
have developed a compressor to permit closed-cycle operation for cooling infrared
detectors. A prototype refrigerator at Oxford University consists of a split Stirling
cycle refrigerator which is operated with a linear drive motor and is suspended on
spring-mounted bearings. This unit is under development by several companies in

England for the British military infrared detector systems.

e  L’Air Liquide in France is carrying out developnient work on a split Stirling system

which has improved drive motor characteristics.

J Philips, in Holland, produces large numbers of « oolers for infrared detector cooling

and have developed a linear drive motor for the r split Stirling cryocooler.

15
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e  Development of closed-cycle refrigerators in Japan has proceeded rapidly over the
past decade through support from the Japanese government and the Japanese Na-
tional Railway, aimed at providing refrigerators for the magnetically-levitated rail
vehicle. As a result of this activity, three companies in Japan have built refrigerators
in the capacity range of 30 W at 4 K. These units are much larger than any required
for cooling superconducting eiectronic devices. However, they have placed these
companies in Japan in a position to develop small-scale refrigerators for electronic

equipment cooling.

e  Aisin Seiki has developed a commercial Stirling cycle cryocooler that uses a swash
plate drive mechanism which has been used as a cryopump at 20 K. Plans are

underway in Japan to develop a smaller unit having a 50 mW capacity to be used
for SQUID cooling.

Table II summarizes the major activity in cryocooler development and Figure 6 in-
dicates the capacity vs. temperature for a number of cryocoolers under development.

Specifications for a number of developmental units are presented in Appendix C.

V. Basic Development Activity

In this section we attempt to identify the organizations (see Table III) which are ex-
pending a concentrated effort in basic areas of development applicable to advancing the
technology of low temperature, efficient cryocooler production. Each of the companies
listed in Section II continues to carry out development programs across the board to im-

prove reliability of their systems and work continues on improvement of the developmental

gt
o
h

coolers cited in Section IV. Activities listed herc are those in which a major concentrated

!

.

L ek

" el
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effort is being expended in a key area. Once again, we are restricted from presenting details

o ¥
w
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»
T
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of many developments due the proprietary nature of the work. The areas in which basic
development activity is under way include cycle analysis and loss analysis, regenerator
development, heat exchanger design, expander design and development, compressor devel-

opraent, seal material, and contaminant elimination.

° Cycle analysis. Jet Propulsion Laboratory has a program to develop adsorption cycle

refrigeration systems. They have built two-stage systems and are now locking at
going to lower temperatures by adding more adsorption cascade units. At MIT,
analysis and development is being carried out on the application of the Saturated
Vapor Recompression cycle. General Pneumatics is developing equipment which will
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Table II
Cryocoolers Under Development

4K Military LongLife Squid Magnetic
Stage IR Space Cooler Eefrig

AiResearch X
Air Products & Chemicals Inc.
Carlisle Cryotronics
CTI-Crycgenics

CVI Inc.

Energy Rescarch & Generation
General Pneumatics Corp.
[Tughes Aircraft X X
Kryovac Scientific X

A.D. Little

Fhilips Laboratories
S.ILE. Corp. X

U.S. Army N.V.L. X

Jet Propulsion Laboratory X

Los Alamos Scientific Lab. X
National Bureau of Standards X

Oxford University
Hymatic Engineering
L’Air Liquide

CEN Grenoble X
Mitsubishi
Sumimoto
Suzuki
Hitachi X

XXX X

X
X X
X X

XXX

XXX
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Table III
.Basic Developient

Regencerators
Heat Ilxchangers
Expanders
Comoressors
Materials

Cycles
Seals

Air Products & Chemicals Inc. X

Carlisle Cryotronics

Creare Inc. X
CTI-Cryogenics

CVlI inc.

Energy Rescarch & Generation
General Pneumatics Corp.
Hughes Aircraft

Lakeshore Cryotronics X

MMR Technologies X

Magnavox X X
Mass. Inst. Technology X
Mechanical Technology Inc.

Metal Bellows Corp.

Philips Laboratories X X
Santa Barbara Research X

Jet Propulsion Laboratory X X

National Bureau of Standards X
Naval Research Lab

Oxferd University X X
Hymatic Engineering

IN.V. Philips X

L’Air Liquide X
Aisin Seiki X

Daikin Industries Inc. X
Hitachi X

Sumitomo X X X
Toshiba X X X

XX XX
X X X X X X X
X

X

X X
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operate on the Claude cycle to provide temperatures below 10 K. CVI in the USA,
Philips Laboratories in Holland, and Aisin Seiki Co. in Japan are working on J-T
circuits which will permit the use of Gifford-McMahon or Stirling refrigerators to

provide refrigeration at 4 K.

Regenerators. The development of a regenerator having sufficient heat capacity to
permit a Stirling cycle stage at 4 K would be a real breakthrough in cryocooler tech-
nology. Philips Laboratories in Briarcliff, Air Products in Allentown, and Hitachi in
Japan have programs aimed at developing suitable regenerators for low temperature

operation.

Heat exchangers. A key component of small, efficient refrigeration systems is the

heat exchanger. MMR Technologies continues their work to develop further their
ctched heat exchanger. A similar program, but using metallic heat exchangers, is
being carried out at Santa Barbara Research. Air Products also has a program for

the development of compact heat exchangers.

Expanders. Creare Inc. has a program to develop small rotary expanders for use a

small refrigeration systems.

Compressors. A major restriction in the production of cryocoolers is the lack of a
noncontaminating compressor for small size coolers. A number of organizations are
working on the development of noncontaminating compressors of either the bellows
type or the diaphragm type. Those companies which are most active in compressor
development include the Naval Research Laboratory, Creare, Mechanical Technology
Inc., Jet Propulsion Lab, Carlisle Cryotronics, and Air Products in the USA, and
Hymatic in England.

Seals. Development of moving seal systems which do not generate contamination
is a severe problem, particularly in very small refrigerator systems. Cryogenic
Technology Inc. has a program for seal development. Work is also being conducted
at Oxford University in England and at Carlisle Cryotronics.

20
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APPENDIX A
CONTACTS

Aerojet Electrosystems Company
1100 W Hollyvale St., Asuza CA 91202
R.J. Williams, 213-812-1864

The Acrospace Corporation
300 North Aviation Blvd. El Segundo CA 90009
M. Donabedian, 213-648-6315

AiResearch Manufacturing Company
2525 W 190th St., Torrance CA 90507
O. Buchmann, 213-512-3393

Air Products & Chemicals Inec.
1833 Voltec St., Allentown PA 18015
R. Longsworth, 215-481-3708

Ball Acrospace Systems Division
Boulder Industrial Park, Boulder CO 20306
R.P. Reinker, 303-441-4000

Balzers High Vacnum Corp.
Hudson NH 03060
B. Hamilton, 603-889-6888

Beech Aircraft Corporation
Boulder CO 80301
W.A. Edgington, 303-443-1650

Carlisle Cryotronics
114 Sunset Rd., Carlisle MA 01741
D. Sarcia, 617-369-0785

Creare Inc.
Hanover NH 03755
W. Swift, 603-643-3800




Cryomech Inc.
1630 Erie Blvd., East Syracuse NY 13210
P. Gifford, 315-475-9692

Cryosystems Inc.
190 Heatherdown Dr., Westerville OI1 43081
D. Swartz, 614-882-2796

CTI-Cryogenics
266 Second Ave., Waltham MA 02254
P. Kerney, 617-890-9400

CVI Incorporated
Columbus OH 43216
T. Hickey, 614-876-7381

Energy Research & Generation Inc.
Lowell & 57th St., Oakland CA 94608
G. Benson, 415-658-9785

Ford Aerospace & Communications Corp.
Ford Rd., Newport Beach CA 92660
R. Grabow, 714-720-7108

General Pneumatics Corp.
440 Washington St., Orange NJ. 07050
S. Zylstra, 201-678-6555

H.R. Textron
25200 West Rye Canyon Rd., Valencia CA 91355
L. Drazin, 805-253-5215

Hughes Aircraft Co.
2000 East El Segundo Blvd., El Segundo CA 90245
J.J. Orth, 213-616-0724

Hughes Aircrait Co.
3100 West Lomita Bivd., Torrence CA 90505
J. Johnson, 213-517-6196

Kryovac Scientific
Columbia Drive, Amherst NH 03031
C. Lamb, 603-883-3232
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Lakeshore Cryotronics-
64 E. Walnut St., Westerville OH 43018
W. Pierce, 614-891-2243

A.D. Little Inc.
Acorn Park, Cambridge MA 02140
W. Breckenridge, 617-864-5770

Lockheed Palo Alto Research Lab
3251 Hanover St., Palo Alto CA 94304
T. Nast, 415-

MMR Technologies Inc.
1400 Stierlin Rd., Mountain View CA 94043
W. Little, 415-962-9620

Magnavox Govt. & Industrial Electronics Co.
46 Industrial Ave., Mahwah NJ 07430
D. Lehrfeld, 201-529-1700

Martin Marietta Denver Aerospace
12250 S. Hwy 75, Denver CO 80201
C. Class, 303-977-8739

Mechanical Technology Inec.
986 Albany-Shakey Rd., Latham NY 12110
R. Ackerman, 518-785-2211

Metal Bellows Corp.
1075 Providence Hwy, Sharon MA 02067
C. Carswell, 617-668-3050

Oxford-Airco
600 Milik St., Carteret NJ 07008
G. Taylor, 201-541-1300

Philips Laboratories
Scarborough Rd., Briarcliff Manor NY 10510
A. Daniels, 914-945-6257

Quantum Design Inc.
11404 Sorrento Valley Rd., San Diego CA 92121
R. Sager, 619-457-0248
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Rockwell International
Anaheim CA

Santa Barbara Research
75 Coromar Dr., Santa Barbara CA 93017
C. Olaina, 805-968-3511

S.H.E. Corporation
4174 Sorrento Valley Blvd., San Diego CA 02121
D. Paulson, 619-453-6300

Texas Instruments
Dallas TX
R. Dix, 214-995-2011

TRW Iac.
One Space Park, Redondo Beach CA 90278
A.H. Silver,

Varian
645 Clyde Ave., Mountain View CA 94043
415-964-2790

US Army Night Vision Laboratory
Fort Belvoir VA 22060
S. Horn, 203-664-1345

Air Force
Wright Patterson AFB OH
C. Oberly, 513-257-1110

Jet Propulsion Laboratory
4800 Oak Grove Dr., Pasadena CA 91109
E.Tward, 213-354-6581

Los Alamos Scientific Laboratory
Los Alamos NM
John Barklay, 505-667-6431

National Bureau of Standards
325 Broadway, Boulder CO 80303
J. Zimmerman, 303-497-3901
R. Radebaugh, 303-497-3710
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NASA Goddard Space Flight Center
Greenbelt MD 20771
M. Gasser,

NASA Ames Research Center
Mollett Field CA 94035
P. Kittel, 415-965-6530

Canada

Quantum Tecknology Corp.
2528 Yale St., Vancouver, BC V5K1B9
Calvin Winter, 604-682-6488

United Kingdom

British Aerospace Dynamics Div.
Manor Rd., Hatleld, Devonshire
0707-262300

Cryogenic Consultants Ltd.
Metrostore Blvd., 231 The Vale, London W32QS
J. Good, 7436049

Horstman Defence Systems Ltd.
Cocksbrook Rd., Bath Avon BA13EX
0225-23111

Hymatic Engineering Co. Ltd.
Burnt Meadow Rd., North Moons Moat, Redditch B989HJ
R. McLellan, 52764931

International Research & Development Co. Ltd.
Fossway, Newcastle-Upon Tyne NE624D
A.D. Appleton, 0632-650451

Oxford Instrument Co.
Osney Mead, Oxford OX20DX
R.B. Inwood, 0865-241455
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Oxford University Clarendon Laboratory
Oxford, OX13PU
G. Davey, 0865-59988

Thor Cryogenics Ltd.
Henley Rd., Berinsfie!d, Oxfurd
P.J. Hatton, 0865-340601

Holland

NV Philips USFA B.V.
NL 5600, ND Eindhoven
N. Baerselman, 040-784167

Switzerland

Sulzer Bros. Ltd.
CH 8401, Winterthur
H. Quack, 41-52-813728

Fr: nce

PSR A4

A.B.G. Semca
3 Villa Thorenton, 3 Paris

CENG/SBT
38041 Grenoble Cedex
J. Verdier, (76) 974111

L’Air Liquide

38360 Sassenage, Isere
A. Faure, (76) 268131

West Germany

A.E.G. Telefunken
Theresien Str. 2, Heilbrun 7100

H. Korf,
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Leybold-Heraeus Gmbh
Bonner Strasse 504, D 5000 Koln 41
R. Heisig, 0221-3701

Linde A.G.
D 8023 Hoellriegelskreuth, Munich
F. Vosswinkel, 089-7273

Messer Griesheim Gmbh
Homberger Strasse 12, D 4000 Dusseldorf

Siemens A.G.
Paul Gossen Strasse 100, D 8520 Erlangen
G. Bogner,

Israel

Ricor Ltd.
18960 En Harod 1 hud

Italy

Officene Galileo
Localita Tomerello 50013, Camp Bisenzo Florence
D. Soldaini, 055-89501

3 Japan

_'s‘;‘

5 s

A Aisin Seiki Co. Ltd.

1 Asahi-machi 2-chome
Kariya city, AICHI-KU 448
T. Tani, 0566-24-8337

. Cryogenic Systems
.9 253-5 Yamanouchi
10 Kamakura 247
Y. Ishizaki, 0467-25-3825
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Electrical Laboratory
1-1-4 Umezono Sakuramura
Niiharugun Ibaraki 305
S.Tomiyama, 0298-54-5262
N. Tamada, 0298-54-5262

Hitachi Kasado Works
794 Higashitoyoi Kudamatsu City
Yamaguchi-ken
S. Saito, 0833-41-0123

Hitachi Works
4-6 Kanda Surugadai
Chiyoda-ku, Tokyo
M. Hachiya, 03-258-1111

Kobe Steel, Ltd.
Asada Rescarch Laboratory
53-3 Gomo-aza-maruyama
Nada-ku Kobe
J. Tsukada, 078-251-1551

Mitsubishi Electric Corp.
Central Research Laboratory
1-1 Tsukaguchi-Honmachi 8-chome
Amagasaki, Hyogo-ken 661
M. Iwamoto, 06-491-8021

Nihon University
Kanda Surugadai
Chiyoda-ku, Tokyo
K. Yasukochi, 03-293-3251
Y. Matsubara, 0474-66-1111 x 6480

Osaka Oxygen Industries, Ltd.
12-4 2-chome Utajima, Nishiyodogawa-ku
Osaka
M. Yanali, 06-472-1181
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Sumitomo Heavy Industries, Ltd.
1 Kander Mitoshiro-cho
Chiyoda-ku, Tokyo 101
K. Kikuchi, 03-296-5631

Suzuki Shokan
3-1 Kojimachi
Chiyoda-ku, Tokyo
Y. Hiresaki, 03-265-5211

Tohoku University
Dept. Physics
Sendai 980
T. Ohtsuka, H. Fujita, 0222-402-6231

Toshiba Corp.
Energy Science & Technology Laboratory
4-1 Ukishima-cho
Kawasaki 210
H. Oguiwara, 044-277-3111

Ulvac Cryogenics, Inc.
Hagisono 2500 Chigasaki-City
Kanagawa-ken 253
H. Sibata, 0467-85-6522
H. Hayakawa, 0467-58-4367

30

et T A Tt W T w T x "~ = . - - R T
eI i e T E R L Sl e
I P i O AAETE AT St AT L
PR L LR R A A T o




S T T T T e s e e e e e e e RE A AR TE R ITETERIERAETESTLE el A Rr2a e RS WA RS k- B W B R B - s W

APPENDIX B
COMMERCIALLY AVAILABLE CRYOCOOLERS

Information reported here was obtained from the various manufacturers in reponse to our survey. Some
details have been omitted due to their proprietary or classified nature. It is suggested that the reader

contact the manufacturer directly for more complete specification and application data.
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Manufacturer

Model

Type/Cycle

Fluid

Refrigeration Range (K)

Capacity (W)/Temp (K)

Input Power (W)

Dimensions (mm)

Weight (kg)

Cooldown Time (min.)

Quantity

Application

Air Products

CS 308

Mod Solvay + J-T

He

[y

.7/4.2

9000

150x 830
787 x609x832

344

1800

several

laboratory

CRYOCOOLER

Air Products

CS 208L

Mod Solvay

He

10

12/20

6300

150x609
787x610% 838

40

cryopump

32

Air Products

CS 208R

Mod Solvay

He

8/20

6300

150x 609
787x609 x832

280

40

cryopump

Air Products

CS 204SL

Mod Selvay

He

10

8/10

3200

150% 457
508x432x508

100

30

cryopump
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Manufacturer

Model

Type/Cycle

Fluid

Refrigeration Range (K)

Capacity (W)/Temp (K)

Input Power (W)

Dimensions (mm)

Weight (kg)

Cooldown Time (min)

Quantity

Application

CRYOCOOLER

Air Products

CS 204

Mod Solvay

He

4/20

3200

150x609
508x432x508

105

cryopump

Air Products

CS 202

Mod Solvay

He

10

2.25/20

1700

150x457
508x432 x508

75

40

cryopump

33

Air Products

CS 201

Mod Solvay

He

12

0.6/20

1700

150x330
508x432x508

71

45

c¢ryopump

Air Products

CS 108

Mod Solvay

He

35

100/77

6300

150 x482
787x610x838

316

cryopump
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Manufacturer

Model

Type/Cycle

Fluid

Refrigeration Range (K)

Capacity (W)/Temp (K)

Input Power {W)

Dimensions (mm)

Weight (kg)

B 3 o K
AT

Cooldown Time {min)

Quantity

Application
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CRYOCOOLER

Air Products

CS 104

Mod Solvay

He

60/77

3200

150x 482
508 x432x508

103

cryopump

Air Products

CS 102

Mod Solvay

He

35

30/77

1700

150x 380
508x432x508

cryopump

34

---------
i <

L’Air Liquide

RC 400

open J-T

Na, Air, Argon

77,82,87

2/71

7.23%40

production

IR cooling

--------
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L’Air Liquide

RCF 30-4

He

20

30/80: 4/20

1500

440x 280
470x470 x470

99

60

50-100 per year

cryopump




Manufacturer

Model

Type/Cycle

Fluid

Input Power (W)

Dimensions (mm)

Weight (kg)

Quantity

g
I8
X
4 Application
2
3
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Refrigeration Range (K)

Capacity (W)/Temp (K)

Cooldown Twmie (nm)

CRYOCOOLER
AiResearch Aisin
Manufacturing
851310 —
J-T closed cycle Stirling
N» He
80 20
2.5/50 15/26: 150/100
300 6600
298x406x 197 380x660x690
14.3 240
G 20
2500~ several
military aircraft IR cryopump

35

Balzers High

Vacuum Corp.

He

5/12; 65/80

30 vear

cryopump
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Cryogenic
Consultants Ltd.

R400

G-M + J-T

He

4.5

0.75/4.2

5000

1150x500x900

40

5+year

magnet cooling
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Manufacturer

Model

Type/Cycle

Fluid

Refrigeration Range (K)

Capacity (W)/Temp (K)

Input Power (W)

Dimensions {(mm)

Weight (kg)

Cooldown Time (min)

Quantity

Application

CRYOCOOLER

Cryogenic

Consultants Ltd.

R700

G-M + J-T

He

1.5/4.2

8500

1150x 1000x 915

3 year

magnet cooling

Cryomech

GBo7

G-M 2 stage

He

16

15/16

8500

1150 1000x915

242

40

5-10/year

cryopump

Cryomech

GBo4

G-M 2 stage

He

12

4/12; 9/20

5000

1150x500%900

125

40

3-10/vear

cryopump
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Cryomech

GBo3

G-M 2 stage

He

20

5/20

5000

1150x500x 900

125

40

several, year

cryopump
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Manufacturer

Model

Type/Cycle

Fluid

Refrigeration Range (K)

Capacity (W)/Temp (K)

Input Power (W)

Dimensions (mm)

Weight (kg)

Cooldown Time (inin)

Quanticy

Application

CRYOCOOLER
Cryomech Cryomech
ALOS ALG3
G-M 1 stage G-M 1 stage
He He
40 30

50/40: 120/80

5000

1150 % 500 x 900

several

cryopump

2/30: 9/80

700

21.3

30

several

IR cooling

37

Cryomech

ALO1

G-M 1 stage

He

20/80; 3727

1200

36

50-100

commercial

Cryosystems

21

G-M

He

10

0.25/10

1500

229x 114x 292

498 x 495 x 426

several

faboratory
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Manufacturer

Model

Type/Cycle

Fluid

Refrigeration Range (K)

Capacity (W)/Temp (K)

Input Power (W)

Dimensions {mm)

Weight {kg)

Cooldown Time {min)

Quantity

Application

TN B LT Ty R e PR ]

CRYOCOOLER

Cryosystems

LTS 1020

G-M + J-T

He

3/4.5; 15/77

8000

535x304x150
134 x 838 x 863

3-10; year

laboratory

CTI-Cryogenics

21

G-M

He

10-20

0.3/15: 7.5/77

1500

231x152x 286

cryopump

38

CTI-Cryogenics

o
[}

He

10-20

0.2/15; 7.5/77

1500
231x152x286
6.3

25 )
ARt

LS

........

CTI-Cryogenics

350

He

10-20

1500

302x152x470

40
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CRYOCOOLER
Manufacturer CTI-Cryogenics CTl-Cryogenics  CTI-Cryogenics CTI-Cryogenics
Model 1020 1050 CM-2 CM-4
Type/Cycle G-M G-M Stirling split Stirling
Fluid He He He He
Refrigeration Range (K}  12-20 10-20 80 80
Capacity (W) Temp {K}) 0.6°15:37,77 1.7/15; 62/77 1/80 1/80
Input Power (W) 5000 5000 50 60
Dimensions (mm) 369%x152x521 369 x152x502 7.85x12.25% 17.45 55x88
Weight (kg) 15 15 1.72 2
Cooldows Time () 40 10 10 10
Quantity - — - —
Application - —_ — —
39
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Manufacturer

Model

Type/Cycle

Fluid

Refrigeration Range (K)

Capacity (W)/Temp (K)

Input Power (W)

Dimensions (mm)

Weight (kg)

Cooldown Time {min})

Quantity

Application

CRYOCOOLER

CTI-Cryogenics

CM-5

split Stirling

He

0.3/80

38x44x140

10

CTI-Cryogenics

SP 77A

split Stirling

He

80

0.8/80

140

140x80x 80
190x110x70

9
v

10

40

CTI-Cryogenics

VM-1

VM (split)

He

80

0.8/80

370

5.6 x17x60
100x80x250

4.8

10

IR

CTI-Cryogenics

120

G-M

He

80

8/80

830

10
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: CRYOCOOLER

Manufacturer CTI-Cryogenics CVI Inc. Galileo Corp.  H.R. Textron
' Model 120 ™ - —
3 Type/Cycle G-M G-M Stirling split Stirling

Fluid He He He He
Refrigeration Range (K} 26 20 80 80

Capacity (W), Temp (K) 1,26 75/77,8/20 0.25/80 0.25/80

Input Power (W) 830 5000 30 —

Dimensions (mm) — — — —

Weight (kg) 15.8 — 1.5 —

Cooldown Time {min) 13 210 5 —

Quantity — — — thousands

Application — cryopump IR IR

41
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¥ CRYOCOOLER

=

o

i

,;.{ Manufacturer Hughes Hughes Hughes Hughes

t Model SIRE CM CM —

B

' Type/Cycle VM split Stirling  split Stirling  spliv Stirling

2
Fluid He He He He
Refrigeration Range (K) 11.5 77 77 30
Capacity (W)/Temp (K) 8.3/75; 1.9/26.5: 0.15/11.5  1/77 0.25,77 130
Input Power (W) — — — —
Dimensions (mm) — — — —
Weight {(kg) — — — —
Cooldawn Time {min) — — — —

Quantny -- - 7 month

S0

e

5

::-:: Application IR IR IR -

i
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3-: Manufacturer

o i:;;z

= Model
Type/Cycle
Fluid

Refrigeration Range {K)
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Capacity (W), Temp (K)
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kg Yy

¥
wd

Input Power (W)

e
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Dimensions (mm)
- Weight (kg)

Cooldown Tune {mmn)

Quantiry
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v
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Application
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CRYOCOOLER

Hymatic

MAC 222 Series

self regulating
J-T cooler

Air, N2, Ar, Freon

7.23 dia.

~ 3000

IR

43

Hymatic

MAC 227 Series

self regulating
J-T cooler

Air, Na, Ar, Freon

80

5.2 dia.

3000

IR

Hymatic

MC8,
MAC 108 Series

fixed orifice
J-T cooler

Ail‘, Ng, Ar

80

7.2 dia.

> 10,000

IR




Manufacturer

Model

Type/Cyvcle

Fluid

Refrigeration Range (K)

Capacity (W)/Temp (K)

Input Power (W)

Dimensions {(mm)

Weight (kg)

Cooldown Time {min)

Quantity

Application

CRYOCOOLER

Hymatic

MAC 901 Series

self regulating
J-T cooler

Ar, Air, N»

5.2 dia.

1 9000

IR

Ao x o mt - -

o ,;'L. = i‘f‘:“‘t\‘? AT T AT )

Hymatic Leybold Heraeus
MAC 219 RG580/RW3
fast response  G-M
J-T
Ar, Air, N» He
80-100 20
- 3.75/20-37.5/80
— 1300
- 130x473
400x 445 %400

- 64
0.3 28
:>100 200 year
IR cryopump

44
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Leybold Heraeus

RG580/RWG

G-M

20

6.3/20-10080

4000

130473
625x550x710

160

200, year

cryopump
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CRYOCOOLER
Manufacturer Leybold Heraeus  Leybold Heraeus = MMR MMR
Model RG1040 RG 210/RW3 K7701,K7702,K770T R.ul
Type/Cycle G-M G-M J-T J-T
Fluid He He N2, Ar, air Ar
Refrigeration Range (K) 20 20 77 90

Capacity (W)/Temp (K]

Input Power (W)

Dimensions (mm)

Weight (kg)

Cooldown Time {min)

Quantity

Application
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12.5/20-43/80

4000

13¢x473
625x550=x710

]hﬂ

20

cryopump

2.5/20; 15/80

1800

130x 441
400~ 445x400

4

200/year

cryopump

45

0.25/77

70x40x25

15

>500

laboratory

----------

300

25 dia.

0.08

military IR
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Manufacturer

Model

Type/Cycle

Fluid

Refrigeration Range (K)

Capacity {W)/Temp (K)

Input Power (W)

Dimensions (mm)}

Weight (kg)

Cooldown Time (min)

Quantiry

Application

CRYOCOOLER

Magnavox

MX 7040

split Stirling
linear resonant

He

0.25.80

30

5.8x2.8

wi

Quantity prod.

military [R

Magnavox

MX 7045

split Stirling

85

0.25/85

25

139x44x44

1.1

guantity prod.

IR common
module

Magnavox

MX 7043

split Stirling
linear resonant

He

80

55

147x71 x71

2.1

10

production

military IR

Magnavox

HD1033C/UA

integral Stirling

He

80

180

50

122x91x175

IR common
module
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Manufacturer

Model

Type/Cycle

Fluid

Refrigeration Range (K)

Capacity (W)/Temp (K)

Input Power (W)

Dimensions (mm)

Weight (kg)

Conldown Time {mm)

Quantiry

Application

T A e T
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CRYOCOOLER
Magnavox Osaka Oxygen
MX 7011 cryomini D
Stirling modified Solvay

linear resonant

He

1/80

praduction

IR common
module

e TR T T WEVE T T =Y T
S, = FEETE Bl i S S S,

He

11-20

2.5/20

2400

84

35

cryopump

47

Philips USFA

UA 7044/00

split Stirling

80

1/80

10 dia.x88

1.8

hundreds

military IR

Philips USFA

UA 7011

Stirling

He

80

1/80

production

military IR




Manvufacturer

Model

Type/Cycle

Fluid

Refrigeration Range (K)

Capacity (W)/Temp (K)

Input Power (W)

Dimensions {mm)

Weight (kg)

Cooldown Time {miu)

Quantiny

Application

CRYOCOOLER

Philips USFA  Ricor Ltd.

UA 7039/00

split Stirling

He

80

0.25/80

30

5 dia.x49

productinn

military IR

K 413G

split Stirling

He

80

0.4/80

40

180x100x% 100

3.8

military IR

48

Ricor Ltd.

K 505

integral Stirling

He

80

0.25,80

30

124x45 x 128

1.35

(%1}

military IR

Ricor Ltd.

K 405

VM

He

80

1/80

150

227%180x 234

3.8

military IR

LT 2 TSR
i i Bl VL * .
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x: Manufacturer ABG Semea  Telefunken AG
&5
Model — -
_: Type/Cyvcle split Stirling  split Stirling
Fluid He He
Refrigeration Range (K) 80 80
Capacity (W}/Temp (K) 0.25/80 0.25:80
Inpuy Power (W) — —
Dimensions {mm) - —
Weight (kg) — -
Cooldowy Tinte (min) — —
. Quantity — preduction
: Application military IR military IR
49
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APPENDIX C
CHARACTERISTICS OF A NUMBER OF CRYOCOOLERS UNDER DEVELOPMENT

o)
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[

Information reported here was obtained from the various manufacturers in reponse to our gurvey. Some
details have been omitted due to their proprietary or classified nature. It is suggested that the reader

contact the manufacturer directly for more complete specification and application data.
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CRYOCOOLER

Manufacturer Air Products Air Products  Air Products  L’Air Liquide
Model CS 308L CS 304 CS 302 RH 820
Type/Cycle Mod Solvay Mod Solvay Mod Solvay split Stirling

+ J-T + J-T - JT
Fluid He He He He
Refrigeration Range (K) 3.7 3.7 3.7 80
Capacity (W),/Temp (K} 1,4.2 C.5/4.2 0.25,4.2 1/80
Input Power (W) 9000 4800 2.5 —
Dimensions (mm) 150x832 — — —

787 x609x%832
Weight (kg) 350 170 127 -
Cooldown Time (nun) 1300 -
Quantin developient development development prototype
Application - - — IR cooling

51
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CRYOCOOLER
Manufacturer L’Air Liquide  AiResearch AiResearch AiResearch
Model RH 520 IR TECH/ASD — —
Type/Cycle split Stirling reversed Brayton  reversed Brayton VM

2 stage turbo turbo refrigerator
Fluid —_ He, Neon Neon-He/He He
Refrigeration Range (K) 80 20 4 80
Capacity (W)/Temp (R) 0.5°80 20.20 5,20 0.25.80
Input Power {W) — 4000 2200 —
Dimensions {mm) — 900x 1000x 700 900x 1020x640 -
Weight (kg) — 136 90.3 -
Cooldown Tine {min) — —_ 430 -
Quantity prototype prototype prototype prototype
Application IR ceoling IR space continuous: >3 yr iife IR cooling

52
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Manufacturer

Model

Type/Cycle

Fluid

Refrigeration Range (K)

Capacity (W)/Temp (K)

Input Power (W)

Dimensions {mm)

Weight (kg)

Cooldown Time (min)

Quantity

Application

CRYOCOCLER
CEN Grenoble

- double acting,

reciprocating
magnetic refrigerator

He - Gadolinium
Gallium Garnet

1.8 from 4.2

0.92/2.1

2.88

experimental

53

;1

CTI-Cryogenics

Design Study (ONR)

integral Stirling
4 stage

He

10

0.05/10

250

629% 278

design only

General
Pneumatics

COBRA

Claude

He

80

0.25/80

prototype

IR
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Manufacturer

'
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N Model

Type/Cycle

Fluid

Refrigeration Range (K)

Capacity (W)/Temp (K)

Input Power (W)

Dimensions {mm)

Weigit (kg)

Cooldown Time (min)

Quantuty

Application
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CRYOCOOLER
Hitachi Hitachi
I it
Claude Claude
He He
4 4
30/4.5 5/4.5
165 45
developmtl. developmtl
54
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Hughes

Hi Cap

VM

12

12°75; 10/33:
0.3/11.5

2700

developmtl.

Hughes

split Stirling

He

20

1/20

developmtl.



Manufacturer

Model

Type/Cycle

Fluid

Refrigeration Range (K)

Capacity (W)/Temp (K)

Input Power (W)

Dimensions {mm)

Weight (kg)

Cooldown Time {min)

Quantity

Application
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Hymatic

MAC 251
Series

self regulating

Ai!‘, Ng, Ar

5.18

developmtl.

s
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CRYOCOOLER

Hymatic

MAC 252
Series

J-T minicooler

Air, Na, Ar

80

exptl. samples

low cost J-T
nunicooler

55

Jet Propulsion
Laboratory

prototype

cascade J-T

CF4/Nz/Hz/He

4.5-180

3/165; 1/84:
0.15/22;0.025/4.5

100

60 O.D. x 180

360

1 prototype

IR

Jet Propulsion
Laboratory

GAR-MII

gas adsorption

He/H, /Ar/Neon

80-4

1/20

.50x 100% 100

b

developmtl.

no moving parts
refrigerator
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CRYOCOOLER
Manufacturer A.D. Little Magnavox Mitsubishi Mitsubishi
Model rotary {DARPA) - —
reciprocating
Type/Cycle reverse Brayton 2 stage Stirling 2 stage G-M 3 stage Stirling
2 stage linear magnetic  + J-T + J.T
bearing

Fluid He He He He
Refrigeration Range (K) 12 — 44 4.4
Capacity (W)/Temp (K) 40/60; 1.5/12 10W, 5W at 5/4.4 5/4.4

L classified temp

%-;‘

3;3 Input Power (W) 2670 700 8000 5000

;i;'

b

Dimensions (mm) 1473 %304 dia. 1420x 280 dia. — -

R
Weight (kg) 210 32 — —
Caoldown Time (min) — - - -

:‘ Quantity 1 developmtl. developmtl. developmtl.

<

0

i, Application prototype space flight — —

e

56
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Manufacturer

Model

Type/Cycle

Fluid

Refrigeration Range (K)

Capacity (W)/Temp (K)

Input Power (W)

Dimensions (mm)

Weight {kg)

Cooldown Time (min)

Quantity

Application
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CRYOCOOLER

NBS

gap regenerator

split Stirling

-

0.001/6.9

experimental

squid cooling

Oxford University

split Stirling
linear drive

He

80

0.5/80

35

[

several

IR cooling

57
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Philips Lab

Stirling

He

5/64.6

200

prototype

space IR

¥

Philips Lab

JHV/APL

2 stage Stirling
rhombic drive
bellows seal

75

1.5/1:0, 0.3/90

30

154x180% 307

space electronics
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Manufacturer

Model

Type/Cycle

Fluid

Refrigeration Range (K)

Capacity (W)/Temp (K)

Input Power (W)

Dimensions {(mm)

Weight (kg)

Cooldown Time {min)

Quantity

Application

Philips Lab

(NASA)

Stirling magnetic

bearing

He

65

5/65

5 vear space
electronics
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CRYOCOOLER
Quantum Technology Corp.

open cycle J-T

He

4.2

0.002/4.2

requires refrigeration
to 12 K

several

squid cooling

58

S.H.E. Corp.

4 K cryocooler

4 stage Stirling

He

0.001/7

squid
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CRYOCOOLER

Manufacturer Sumimoto Toshiba
Model - —
Type/Cycle Claude Claude
Fluid He He
Refrigeration Range (K) 4.5 4.4
Capacity (W)/Temp (K) — 4/4.4
Input Power (W) — -
Dimensions (mm) — —
Weight (kg) — —
Cooldown Time (min) — 720
Quantity developmtl. developmtl.
Application — —_
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