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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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MECHANICALLY CONTROLLED CRYOSTAT*
Haim Zaklad |
Lawrencé Berkeley Laboratory»

University of California
- Berkeley, California 94720

This note describes a low cost device fpr controlling a wide range
of low tempefatures using a cryogenic liquidvas a refrigerant. A vapor

pressure thermometer provides the errof»signal to meter the flow of the

refrigerant into a heat exchanger to maintain an object at a constant

temperathre;’ The heat may be transferred between the heat exchanger, the

test object, and the thermometer by conduction in a solid or by convection

in a gas or a liquid. The system can quickly respond to fluctuating heavy

-

heat loads.
In our specific example shown in Fig. 1 the system was constructed
forﬁthé purpose of liquifying xenon.(-105°C at 3,8 psig)(3) in é.test.éhaﬁber
inside a Freon-11 bath (freezing point -111°C).l Another uséful liquid
for the purpose of heat transfer in the béth is a mixture of 70% cbmmercial—
grade n—hgxane and 30% cyclohexéne’(melting point :—105°C).>Liquid nitrogen is
stored in a standar& "chiéken—feedér" type dewar and.is_gravityifed int§
the heat exchénger cup.via a control valve. The heat exchanger.is sub-
merged in the liquid'béth where the test object ié located. -The temper-
atﬁrerof the bath is sensed by a vapor pressure thermometer.that contains,
when éold, a partially 1iquifiéd gas. ‘Thé vapor'pressure‘develbped in the
sensor»causeé the bellows to mdvé and actuates the éontrol valve tﬁrbugh a
iinkage. The valve moﬁement is proportional to the difference between ;he
meaéured temperature and desiréd temperature, To‘pre&ent bubbling Back

through the control valve, the boil-off gas released in the heat exchanger
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cup is vented through holes in the vent tube. The vénﬁ holes are located_':_
inside the liquid nitrogen déwar»for the following purpose: ﬁpoh iniﬁial
cool down;violeﬁt boiliﬁg takes place at the hot walls of'the heat exchangér,
expelling a mixture §f liquid and gas through the vent holes. The liquid‘“
portion is then captured in the upﬁer dewar.. ; : .. - | L&
,Figure'Z shows the vgpér pressure vs tempe:afufe_reiationships for
various common gases that may be used in the vapor pressufe_thermometer.
-For a given gas the témperature can Be controlled over a span'of ~f30°C by;
édjusting the'préssure that opens the_vélve. The slope of the.vapsr ﬁressp:e
curves is typically 0.7 psig/°K which is sufficient,-in éradtiee, té provide
-enough force for control within a fraction of a degree. The ball valve
6pening is.set by adjusting the force of the.spring or the léﬁgth'of the
pull rod (Fig. 1). |
':The liquid nitrogen dewar was a standard "chicken—feedér“ type of
7—liter_capaéity2. | The vaive was agsembled from a dia. ime-brasé ball'. 
drilled and brazed to the 7mm diam., 34 cm long.Staiﬁlésé vent tdbe} Thé
seat of the ball, at the tip of the "chicken—feeder"vdewar, was gfouﬁdvby
another identical ball and an abrasive compqund,' The expanéioﬁ Bellows
were made ffom 38mm diam. brass bellows brazed to plhgs at both‘ends;‘ The
vapor pressure thermometer was made of 3.lmm diam. stainless tube bfaéed fb
a 4;7mm diam., 5 cm 1ong‘copper Eube. For our purpose it was éharged with
25 psig sf xenon via a valvé (not shown). The cup waé constructed of a
doublé walled vacuum jacket and a copper bottom. For most applica;ioﬁs a
vacuum jacket may not be neéessary and a simple thin wall cup may suffiée,'
‘ The surface area of the heat exchanger was increased by Brazing'copper fins
to the bottom of the cup.
| A test was conducted in a glass dewar ébntaiﬁing 3 liters of Freon-11.
It took approximately twé hours to cool the bath at a constant‘réte of 1.2°C/

min, from room temperature to -105°C (168°K). This corresponds to ~80 watts
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of cooling capacity. The nearly constant rate of cooling indicates that,
in this case, the rate was not limited by heat transfer but rather by the .
flow of nitrogen through the system;‘ The temperature was controlled to

better than +1°C.
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Figure Captions

Fig, 1. Schematic diagram of mechanically_conﬁrolled cryostat;
Fig. 2. Vapor pressure curves vs temperature for various substances,

for a range of working pressure, 6 to 60 psia.’
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