
CRYOGENIE

APPENDICE C : Principes de
fonctionnement

DONNEES TECHNIQUES POUR REFRIGERATEURS
A HELIUM EN CIRCUIT FERME DE CRYODYNE®

Le processus de refroidissement (cycle) des réfrigérateurs à hélium CRYODYNE est analogue aux
réfrigérateurs ménagers communs. Dans ces derniers, un fluide de travail (gaz de fréon) est comprimé, la
chaleur de compression est retirée par des échangeurs de chaleur refroidis à l'air et le gaz est ensuite
décompressé afin de le refroidir en dessous de la température ambiante. Ce simple processus de
compression-expansion suffit pour le réfrigérateur commun, où les températures tournent autour de 00 C.
Toutefois, les systèmes CRYODYNE doivent fonctionner de manière effective et continue, à des
températures d'environ 6°K. Atteindre des températures aussi basses requière des échangeurs de chaleur
hautement performants et l'utilisation d'un fluide de travail (gaz d'hélium) permet de rester fluide à des
températures approchant le zéro absolu (-273.1 oC, OaK).

Tous les systèmes CRYODYNE comprennent une unité de compression lubrifiée à l'huile, refroidie à
l'eau ou à l'air, avec système de séparation d'huile (les vapeurs d'huile de pompage se solidifieraient à des
températures cryogéniques et obstrueraient les échangeurs de chaleur du réfrigérateur) l'unité de
réfrigération (placée loin du compresseur) opère à des vitesses basses, avec beaucoup de jeu. Il y a des
valves et des joints à température ambiante.

'0..0

Figure 1 Circuit de refroidissement élémentaire

Le flux d'hélium dans le réfrigérateur est cyclique. La séquence des opérations peut être illustrée par
un unique cylindre et piston (Figure 1).

Une source de gaz comprimé est connectée sur le dessous du cylindre C à travers la valve d'arrivée A.
La valve B est dans la conduite d'échappement qui mène au côté de faible pression du compresseur. Avec
le piston en bas du cylindre, la valve B (échappement) fermée et la valve A (arrivée) ouverte, le piston est
forcé vers le haut et le cylindre se remplit de gaz compressé. Lorsque la valve A est fermée et la valve B
ouverte, le gaz s'étend dans la conduite de refoulement à basse pression et se refroidit. Le gradient de
température à travers le mur du cylindre qui en résulte, cause un flux de chaleur de la charge vers le
cylindre. Le résultat étant que le gaz se chauffe à sa température originale. Avec la valve B ouverte et la
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valve A fennée, le piston est abaissé, ce qui déplace le gaz restant dans la conduite d'échappement et le
cycle est tenniné.

Ce système élémentaire, bien qu'il fonctionne, ne produirait pas les températures extrêmement basses
requises. C'est pourquoi le gaz entrant doit être refroidi avec le gaz d'échappement avant qu'il n'atteigne le
cylindre. Ceci est accompli dans le réfrigérateur CRYODYNE par un régénérateur, qui extrait de la
chaleur du gaz entrant, la stocke puis la relâche dans le courant d'échappement (Figure 2).

Figure 2 Circuit de refroidissement avec régénérateur
Un régénérateur est un échangeur qui renverse le flux à travers lequel l'hélium passe alternativement

dans chaque direction. Il est rempli avec du matériel avec une grande surface extérieure, une grande
chaleur spécifique et une faible conductivité thennique qui acceptera facilement la chaleur de l'hélium (si
la température de l'hélium est plus élevée) et la donnera facilement à l'hélium (si la température de
l'hélium est plus basse).

Dans une opération à régime établi, un système de ce type exhibe un tracé pour la température
comme dans la Figure 3. Les étapes du cycle sont:

'1

'--_ ... ---------'
Figure 3 Tracé de la température pour un réfrigérateur Cryodyne à un étage

a. Avec le piston au plus bas de son mouvement, le gaz comprimé entre par la valve A à température
ambiante (1).

b. Pendant que le piston s'élève, le gaz passe à travers le régénérateur. La matrice absorbe la chaleur du
gaz (chauffe de 3 à 4) et le gaz refroidit.

c. Toujours à sa pression d'arrivée, le gaz refroidit remplit l'espace sous le piston. La température du gaz
à ce point (5) est à peu près la même que celle de la charge.

d. La valve A se fenne et la valve d'échappement B s'ouvre, pennettant au gaz de s'étendre et ce faisant
de se refroidir plus (6). La chute de température (LlT,) est responsable pour l'effet de réfrigération.

e. La chaleur quitte la charge et passe par les murs du cylindre pour chauffer le gaz à une température
(ôTe) légèrement au-dessous de celle à laquelle il est entré dans le cylindre (7).

f. Lorsque le gaz passe à travers le régénérateur, il reçoit de la chaleur de la matrice et chauffe (8) et la
matrice est refroidie (4) à (3).
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g. Le piston descend, poussant le gaz froid qui reste hors du cylindre et à travers le régénérateur.
Toutefois, vu que le régénérateur n'est pas efficace à 100%, il y a toujours une différence de
température entre le gaz et la matrice; donc, à n'importe quel point du diagramme, le gaz
d'échappement reste légèrement plus froid que le gaz d'arrivée

h. Le gaz à basse pression part à travers la valve B à température ambiante, approximativement (9).
1.

Dans le système de la Figure 2, le piston aurait besoin d'un joint d'étanchéité et devrait être conçu
pour résister à des forces déséquilibrées. Une version plus pratique de ce cycle est montré en Figure 4.
Ce système utilise un cylindre à double ogive et un piston allongé fait d'un matériau avec faible
conductivité thermique.

-
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Figure 4 Réfrigérateur à un étage amélioré

Etant donné que les pressions au-dessus et au-dessous sont essentiellement les mêmes, le piston n'a
pas besoin de joint d'étanchéité. Le piston est maintenant appelé un piston de circulation, car il ne fait
simplement que déplacer l'air d'un bout du cylindre à l'autre, il n'y a pas de travail mécanique et on dit que
le système utilise un cycle sans travail. Le régénérateur est placé dans le piston de circulation pour éviter
de la tuyauterie inutile et minimiser les pertes.

Le réfrigérateur montré dans la Figure 4 peut atteindre des températures entre 30 et 77K. Vu que
beaucoup des applications du réfrigérateur CRYODYNE sont en dessous de cette température, on peut
ajouter un second et même un troisième étage pour produire des températures en dessous de !OK.

L'addition d'un second étage (Figure 5) permet une réfrigération jusqu'à 6 K.

Figure 5 Réfrigérateur Cryodyne à deux étages
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al-CRYOGENICS

Appendix C
Principles of Operation

TECHNICAL DATA
CRYODYNE@ CLOSED CYCLE
HELIUM REFRIGERATORS

.....

The cooling proccss (cycle) of
CRYODYNE Helium Rcfrigcrators
is analogous ta tha! of comman
houschold rcfrigcrators. In the
latter, a working fluid (Ercon gas)
is compresscd, the hcat of com­
pression remoycd by air~cooled

heat exchangers, and the gas is
then expanded to produce cooling
below Ihe ambient tcmperalure.
This simple compression-expansion
proœss will suffiœ (or the house­
hold refrigcrator, whcrc tcmpera­
tures in the suP-zero fahrcnheit
range are required. However.
CRYODYNE systems must operate
effectively and routinely al temp­
eratures clown to 6K (-449OF).
Altainment of such extrcme low
levcls requires highly efficient heat
exchangers, and the use of a .
working fluid (helium gas) that re­
mains fluid at temperatures ap­
proaehing absolute zero (-459.6°F,
-273.1'C, OK).

Ali CRYODYNE systems com­
prise an air·cooled or water-eooled,
oil-Iubricated compressor unit with
oil separation system (earry-over
ail vapors wou}d solidify at cry­
ogenie temperatures and plug the
heal exehangers of the rcfrigera­
tor); and a refrigerator unit (re­
motely locatcd from the rom­
pressar), which operales al slow
speeds, has ample clearances, and

• •

Figurt: 1 Elt:mt:ntary Cooling Circuit

has room~:empcraturcvalves and
scals.

The f1aw of helium in the refrig­
erator 1S cydic. The sequence of
operations can he illustrated by
a single cy1inder and piston
(Figure 1).

A source of compressed gas is
cannected to the bottom af cylin­
der C through inlet valve A. Valve
B is in the exhaust line leading to
the low~prcssure side af the com­
pressar. With the piston at the bol­
tom of the cy1inder, and with valve
B (exhausl) closed and valve A (in­
Jet) open, Ihe pistan is caused ta
move upward and the cylinder fUIs
wilh compressed gas. Whcn valve
A is dased and valve B is apcned,
the gas expands in!o the low­
pressure: discharge 1ine and cools.
The re:sulting temperalure gradient
across the eylinder wall causes
hea! ta flaw from the 10ad irl.to the

41

eylinder. As a result, the gas
warms to ils original tempcrature.
With valve B opencd, and valve A
cIascd. the piston is Ihen lowered,
displacing the remaining gas in ta
the exhaust line, and. the cycle is
compleled.

This elementary system, while
warkable, would not produce the
extreme low temperatures required
far uses 10 which the CRYODYNE
refrigeralors are applied. Thus the

Figurt: 2 Coolirlg Circuit wilh
Rt:gt:rlt:rator

incoming gas must he cooled with
the exhaust gas before the farmer
reaches the cyIinder. This is ae­
complished in the CRYODYNE
refrigeralor hy a regenerator,
whieh extrads heat &om the in­
coming gas, stores H, and then
relcases it to the exhaust stream
(Figure 2).

__ -..0:. -:.=....==;;:;=.:....... -.
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Figure 5 Trno-:Stage Cryodyne 1
&fngerator

an elongated piston made from a
matcrial of low thermal condue­
tivity.

5ince the pressures abovc and
below the piston are substantially
equa1. the piston needs no pres­
sure scal. The piston is now marc
correctly callcd a "displacer/' be­
cause il merely moves gas from
one end· of the cylinder ta the
other; no mechanical work is in~

t~duœd, and thus the system is
sald ta use a "no-work" cycle. The
regeneral.or is placed inside the
~isplaœr ta avoid unneccssary pip­
mg and ta minimize heat losses.

The refrigeralor shawn in Figure
4 can achieve temperatures in the
3O~n K :"ange. Sinœ many of the
applications of the CRYODYNE
refrigerator are below that temp­
erature, we can add a second, and
even a third sIage ta produce
tempcratures below 1DK.

!he addition of a second stage
(FIgure 5) permils useful reErigera.
tian clown ta 6 K.

B~

FiguTt 4 Improvt:d SiMglt Stage
Refrigerator

------

does sa (6). The temperature
drop (aTr ) is responsible for the
refrigerating effect.

e. Beat nows from the load through
the cylinder walls, warming the
gas ta a temperature slightly
(aT~) bclow that at which it
entered the cylinder (7).

E. As the gas passes through the
rcgencrator, it warms up (8) as il
re<:eives heat from Ihe matrix,
and the matrix is cooled (4) la
(3).

g. The piston descends. pushing the
remaining cold gas out of the
cylindcr and through the regen·
eratar. However, because the
regencrator is not 100 percent
efficient, lherc is always a lemp­
erature diffcrence bctween the
gas and the matrix; thus, at any
point shown in the diagram, the
exhaust gas remains slightly
cooler than the inlet gas.

h. The law-pressure gas leaves
through valve fi at approximateJy
room temperature (9).

In the system of Figure 2, the
piston would rcquL~ a pressure
seal and would have ta be designed
ta withstand unbalanœd forces. A
more practical version of this cycle
is shawn in Figure 4. This system
uses a doublt.'-ended cylinder and

Fig!irt J TtmptratllTc Profilt of a
Sîng/t'-StQge Cryodynt
Refrigera/or

a. With the piston al the bottom of
its stroke, compressed gas enters
through valve A at rcom
temperature (1).

b. As the piston rises, the gas
passes Ihrough the regenerator.
The malrix absorbs hcat from
the gas (warming from 3 ta 4),
and the gas cools.

c. Still at inlet pressure, the cooled
gas {jlls the spaœ beneath the
piston. The gas temperature at
this point (S) is about the same
as that of the Joad.

d. Valve A closes and exhaust
valve B 0ecns, aUowing Ihe gas
ta expand and cool further as il

A regenerator is a reversing~now

heat exchanger through which the
helium passes alternatively in
either direction. ft is packcd with a
material of high surface area, high
specifie heat, and low thermal con~

ductivily, that will readily acrept
heat from the helium (if the he­
lium's lemperalure is higher) and
give up this heat ta the helium (if
the helium's temperalure is Jower).

ln steady~slate operation. a
system of this type exhibits Ihe
characteristic lemperature profile of
Figure 3. The steps of the cycle are
as foIIows:

CTI-CRYCXJENICS
266 Second A....enue. P.O. Box 9171.
Waltham. MA 02254·9171
Telephone: (617) 890·9400 1Telex 92·3442
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• 1. Drive Unit
2. Crankcase (Houses the Drive Meehanism)
3. Drive Motor
4. Power Connector
5. Gas Supply Connector
6. Gas Rcturn Conncctor
7. Cylinder
8. Second-5tage Cold Station
9. First-5tate Cold Station

10. Top FIange

A. REAR VIEY!

2

Figure 1.2 The Model 22 Cold Head

1. Cylinder
2. Second-5tage Cold Station
3. Second-5tage Cylinder
4. First-5tage Cold Station
5. First-5tage Cylinder
6. Top FIange
7. Helium-Gas Supply Connector (with dust cap)
8. Helium-Gas Return Conncctor (with dust cap)
9. Electrical Power Connector

10. Drive Motor
11. Crankcase (houses the drive mechanism)
12. Pressure Relief Valve
13. Sight Glass

B. FRONT VJEW

Figure 1.3 The Model 350CP Cold Head
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For Vour Information _.

Refrigeration Capacity

HEllX TECHNOLOGY CORPORATION

25 minutes; 6O-Hz power
30 minutes; 5G-Hz power

40 minutes; 6O-Hz power
50 minutes; 50-Hz power

Model22C

Model350C

When the refrigerator,is supplie<! with 5G-Hz power, a slight reduetion in cold head performance may be
observed, compare<! with the performance obtained with 6O-Hz power.

Table 1.1 Cold Head and Interconnections Specifications (Continued)

Ol-CRYOGENles

No-load cooldown time to 20K

Temperature Stability under Constant Load: ± 1.OK
(At the Second-Stage Cold Station)

FIgures 1.4 and 1.5, page 6, are graphs showing typical refrigeration eapacities of the Model22C Cryodyne refrigerator
at 60 Hz and 50 Hz respectively. The graphs in FIgUres 1.6 and 1.7, page 7, show typieal refrigeration eapaeities of the
Model35OC Cryodyne refrigerator al 60 Hz and 50 Hz respeetively.

The refrigeration eapacities depicte<! in the above figures (FIgures 1.4 through 1.7) represent typical performance from
a refrigeration system uti1izing the full eapabilities of the Model 8300 Compressor.
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Table 1.2 Compressor Specifications

Dimensions
18.00 inclles (457 mm) Length
13.38 inches (340 mm) Width
15.30 inches (389 mm) Height (Less Casters)

Weight (including cartridge)
128 lbs. (58 kg) approximate

Weight (shipping) (including cartridge)
131 lbs. (59 kg) approxima:e

Helium pressure

Static: 245-2.50 psig (169G-1725ld'a) st 7010 80"F (2110 27"C)
Return: nonnal opetIItion: 105" psig (725ld'a) st operating temperature

Ambient operating tempera1Ure range
5010 l00"F (10 10 38°C)

Interface
CompresSor control power recep18cle: MaleS with compresser control power cable plug from controller.
Compres.sor power receptacle: MaleS with compresser or power cable plug from controller.
Cooling water inIet and outlet connections: MaleS wilh lfl-14 NPT fiuing (fittings are supp\ied).
Gas-supply connecter: l/l-inch self-sealing coupling (femaJe) (Mates with cartridge)
Gas-return connector: l/l-inch self-seaJing coupling (male)

Helium filtration cartridge service sehedu1e
Replace every 12 months

Cooling water requirements
90"F (32°C) maximum discharge tempera1Ure
Refer 10 Figures 3.7 and 3.8, pages 16 and 17, for parameters.

"This number is a nominal value between 100 and 110 psig. The number defines the centelpoint of the gauge needle
swing ( ± 15 psig), which osejl1ates approximately 75 tim~minute.

1
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Table 1.3 Model 8001 Controller Specifications

Dimensions
19.18 inches (488 mm) Length
13.38 inches (340 mm) Width
5.85 inches (149 mm) Height

Weight
30 lbs. (14 kg)

Power requirements (when operating Mode183oo Compresser)

OPERATING
VOLTAGE

NOMINAL RANGE INRUSH
OPERATING (VOLTS) CURRENT POWER

CONTROLLER CURRENT (2 SECS. MAX.) CONSUMP.
MODELNO. NOMINAL HZ PHASE (AMPS) 60HZ 50HZ (AMPS) (KW)

8001 208/230 50/(fJ I~ 9.0 198-250 180-220 36 1.8

Customer-supplied electrical service must be in acconlance wilh ail local, stale, and national codes and standards.

Controller input-power cable (customer supplied)
Recommended Type S0-2 cenductor, 6OOV, neoprene jacJœt and 14-gauge wire
Install per Figure 3.2, page 12, schernatic, ensuring compliance with ail national, state aod local standards.

Interface
Cold-head power receptacles: Mates with plugs on celd-head power cables.
Compresser input-power receptacle: Mates with twist lock plug number NEMA: L6-15R.
Compresser power receptacle: Mates wilh plug on cempresser power cable.
Compresser low voltage centrel receptacle: Mates with plug on low voltage centrel cable.

•
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Figure 1.4 Typical refrigeration capacity of the Model 22
Cryodyne Refrigerator (60 Hz)
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Figure 1.5 Typical refrigeration capacity of the Model 22
Cryodyne Refrigerator (50 Hz)
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Section 2:
Inspection

2.1 General. . . . .

2.2 The Cold Head. .
2.3 Connecting Piping and Interconnecting

Electrical Cables . . . . . . . . . . . . .

2.4 The Compressor.

2.5 The Controller. .

2.6 Installation and Scheduled Maintenance
Tooi Kit. . . . . . . . . . . . . .

2.7 Additional Supplied Equipment .....
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10

10
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Caution --
AIways place the compressar back on its botlOm

shipping cushion and install the shippingboit (wrençll:;
tigfit) whenever you ship the compre8SOl" by common
carrier. This'will prevent damaging the compressar
pump during lIllnSpOrtation.

1

2.1 General

These instructions have been produced ta allow
you ta fald out cold head. controller and compressar
photagraphs and drawings shawn on pages 2 and 55,
while using the following sections.

For Your Information .-

Caution ..:
Do not bend the flexible connecting piping ta

less thafi â6-inch f8!lius.

• Report damage ta the shipper at once.

• Retain shipping cartons for starage or retum
shipment.

2.2 The Cold Head

2.3 Connecting Pipin9 and Inter­
connecting Electrlcal Cables

Inspect the piping and electrical cables for damage by
examining the oveIll!1 exterior.

Inspect the overall exterior of the cold head for evidence
of damage. Examples of such evidence are a bent cold
station and a dented cylinder.

On receipt. rernove the Cryodyne refrigeration system
components from their shipping cartons and inspect
them for evidence of damage as described in the
following sections. The compressar has a shipping boit
in 'cd through the compresser botlOm shipping
cushion ta support the compresser pump from vibIlltion
and shock during shipment To remove the shipping boit
and botlOm shipping cushion, proceed as follows.

1. Carefully tilt and set the compressor on its front
grille sa the shipping boIt is accessible.,

2. Loosen and remove the shipping boit from the
undelllide of the botlOm shipping cushion and re­
move the cushion from the compresser. Retain the
shipping boit and cushion for use during future
compressar shipment.

9
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2.4 The Compressor
Inspect the compressor overall exterior for damage, and

evidence of oilleakage.

Check the helium pressure gauge. The gauge should
indicate 245 psig (1690 kPa) minimum at 7rt>F. If the
gauge reads less than 245 psig contact the Product
Service Department.

2.5 The Controller
Inspect the controller for damage by examining the

overall exterior.

2.6 Installation and Scheduled
Maintenance Tooi Kit

As part of your Cryodyne refrigeœtion system, you will
find one cach of the items listed below included in the
Installation and Scheduled Maintenance Tooi Kit, PIN
80320400013, for the Model83DO Compressor.

1. 3/4-inch, 1 inch, 1 l/8-inch, and 1 3/l6-inch
Armstrong open-end wrenches for self-sealing
coupling.

2. 7/64-inch, 3/32--inch Rex baIl-end speed wrenches.

/

10

HELIX nCHNOLOGY CORPORATION

3. Four gaslœt seaIs, Aeroquip 22008-4, and twelve
gaslœt seals, Aeroquip 22008-8, for the seif-sealing
couplings.

4. One sheet of l-l/2-inch x 3-inch by 0.D05-inch
lbick indium gaslœt materiaJ, PIN 3543738P002.

5. Cartridge depressurization fitting, PIN 3592444.

6. One pair ofproteetive gloves.

2.7 Additional Supplied Equipment
Included with your Cryodyne refrigeIlltion system are

the following supplied equipment.

1. Controller input-power receptaele, NEMA part
numberL6-15R.

2. Controller/compressor power and control inter­
connecting cables.

3. Set of spare fuses.

4. Two barbed fittings for compressor cooling
water connection.

5. Cartridge suppon bIllcke~ PIN 8052029 (with
canridge attaching hardware).

6. Two shoulder screws for side mounting of the
controller on compressor.

•
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3.1

3.2

Section 3:
Installation

Model 8300 Compressor.

Cold Head Installation . .
11

17

3.1 Model 8300 Compressor
Your Model 8300 Compresser consistll of three separate

modules: a compresser, a Model8001 Controller, and a
helium filtration eartridge. InslB1lation of your Y.ode1
8300 Compresser is an easy tas!< requiring no special
troIs other !han those supplied in the Installation and
Sr~edu1ed Maintenance Taol Kit.

Included with your compressor are IWO barbed fittings
and a cartridge suppon braclœt, PIN 8052029 (with
cartridge attaching hardware).

Preparlng the Madel 8001 Controller

1. Assemble the controller input-power cable using
the CTI-supplied controller receptacle plug.
Follow Figure 3.2, page 12, being sure ID comply
with ail national, Stale, and local codes. Do not
connect the controlle; to the power source al this
lime. AlI of the preparation procedures must be
completed before e1ectrically connecting the con­
troller.

2. Refer to Table 1.3, page 5, for electrical power
requirementll. Then, using a vollrneter measure
the phase-to-phase voltage from the power source.
Follow Figure 3.3, page 12, and prepare power
seleclDr switeh (S2) and 50/60 Hz seleclDr switeh
(S3) on the controller.

Pl ,RASE NOTE: If your cold head is a Model
22C, always set the 50/60 Hz selector switeh (S3)
ID the 60 Hz position, regard/ess ofwllttlltr tilt li""
frequtncy is 50 Hz or 60 Hz. Your cold head will
not function properly if switeh (S3) is in the 50 Hz
position.

Ifyour cold head is a Model 35OCP, set switeh (S3)
to 50 Hz or 60 Hz, as appropriate.

11

3. If your installation requires !ide mounting the
controller on the compresser, then proceed as
follows:

a. Remove the two shipping screws from the !ide
of the compressor coYer to which the controller
is ID be mounted. The shipping screws are
installed on each side of the compresser cover
approximately six inches be10w the top.

b. Install the IWO shoulder screws (supplied with
compresser) inID the cover screw hales. TIghten
screws securely.

c. Loosen jam nutll and extend the comp:essor
mounting feet until weight ofcompressor is
just off the casters. Tighten the jam nuts after
establishing correct adjuslrnent.

d. Position and install the controller on the
shoulder screws by aligning the cuIDutll on the
bottom of the controller with the shoulder
screws.

4. Connect the compresser low voltage control cable
and the controller-to<ompresser power cable ta
the electrical connecIDrs on the rear panel of the
controller and compressar as shawn in the com­
ponent interconnection diagram. Figure 3A. page
13.
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8000 SERIES CTI-8UPPLIED CABLE
CONTROLLER RECEPTACLE PIN MATERIAL (CUSTOMER) SCHEMATIC

B001 NEMA: L6-15R SO-2 Conductor, 6OO-V 2-POlE 1 3-WIRE

Neoprene Jacket and

@'14-gauge wire
1, \J 1 HEM A Reference:o -!- Receptacl. :L6-15R
- Pluc;:l6-ISP

Figure 3.2 Wiring requirements for Model 8001 Controller input-power cable

OPERATING
VOLTAGE RANGE

SWlTCHSl
POSITION 60HZ SOIlz

LOW 198-220 YAC 180-210 YAC

MED 22O-2AOYAC 21D-220YAC

NOT
Hl 240-2S0YAC APPUCABLE

Figure 3.3 Preparing the controller

u
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RETURH UNE

MODEL
8300

COWPRESSOR

ELECTRICAL ~
POWER SaURa:: :'Ul
(5E[ TABLE 1.31 1 INPUT POWER CABLE

1 (CUSTOIlIER SUPPlIEO)
1

~"""=',.",...-,. __ J

~~----------~~Hrnl
1 POWER CABLE 1

tDlŒl
,..._J rCARTRIDGE
J-C::J--31}-__---'S~U!:!PP"'LY~L1!.!!H.s..E

1
CCrL:.:::DTH.:::":.:D;..,_~~,f-.. J

USER'S
VACUUM •
CHAMBER,!

CD CCMPRESSOR
LOW VOLTAGE
CONTROL CABLE

a> COHTROLLER ­
TO-COMPRESSOR
POWER CABLE

. 'J-
1?' ROUGHIHG VALVE

~ Q.!ACUUM GAUGE

SEèOND-STAGE l
COlO STATION i
cusroMER'sr-'-l
ROUGH/HG 1 •

SYSTEM L_J

Figure 3.4 Typical component interconnection diagram

Installing the compressor cartridge

For Vour Information --
li remote eartridge location is desired, contact

your sales representative or the Prodnct Service
Department ta arder appropriate interconnecting
Jioes. Connect the inlerconnecting line hetween

, compressor and eartridge, following the pro­
cedures in this Section.

3. Check lhe self-sealing connector llal rubber gaskel
to make snre that il is clean and properly posi­
tioned.

4. Make the firsl tnrns by hand and lhen frrmly seal
the connection using the two wrenches nntillhe
fittings bottom. Refer lo Figure 3.6, page 15 for
proper coupling of the self-sealing connection.

Caution -

Connect lhe cartridge ta the compressor gas supply
connector localed at lhe rear of the compressor.
Refer lo F'IgUre 3.5, p~e 14, and,

1. Install the eartridge support brackel over the
compressor gas snpply connector. Align and
position the two openings on the bracket with lhe
two supporl bangers on the compressor rear
panel. Push the brackel down until the brackel is
properly snpported by lhe hangers.

2 Remove the dusl caps from the self-sealing con­
pling halves at each end of the cartridge.

Make sure to hold fast on the!ell conpling nut
while tightening the right coupling nul, as shown in ,
Figure 3.5, page 14. .

5. Using two of the wrenches supplied in the Inslal1a­
tian and Scheduled Mainlenance Tooi Kil, make
the connedion quickly to minjm;ze minor gas
leakage.

6. Secure the cartridge to the support brackel with
two bolts, washers and nnls (supplied).

13



1. Cooling water must meet flow and pressure require- l
ments as indicated in the following subsections.

SUPPORT
BRACKET

THIS WRENCH
HOLDS FAST

THIS WRENCH TIGHTENS
SELF-SEALING COUPLING

H[lIX nCHNOlOGY CORPORATION

Caution --
Make sure that all water connections arc tight.

Cooling Water: General Considerations

For Your Information --
Adjust yeur water flow to maintain an optimum

discbarge water temperature of 9O"F with a mini­
mum input pressure of 4 psi. For detailed water
requirements, see below.

2. Cooling water having a pH value of 6.0 to 8.0 and
a calcium-carbonate concentration of less than 75
ppm, the quality of typical municipal drinking
water, is acceptable. If the cooling water has a
pH value lower than 6.0 or a calcium-carbonate
concentration higher than 75 ppm, water condi­
tioning may be required.

3. To conserve water, the cooling water should be
shut off when the compressor is not running.

[

L
L

L
L

L

[

r•
"

Figure 3.5 Installing the cartridge

Cooling Water: Preparation

If flexible water hase connections arc used, insta1Ithe
barbed fittings supplied with the compresser on the
input and output connections:

1. Applya light coating of standard plumbing thread
sealant on the barbed fitting threads.

2. Tighten filtings onto 1/2-inch FPT input and out­
put connel:tions. DO NOT OVERTIGHTEN.

3. Connect flexible hases to the fittings and secure
with hose clamps.

If bard piping is desired, install the water lines directly
onto the compresser 1/2-inch FPT input and output
connections. DO NOT OVERTIGHTEN.

14

Caution --
If cooling water below 50"!' (10°C) is allowed ta run

through the compresser while the compressar is not
operating, the compressar oil will change viscosity
and thiclcen, and may cause the compressor ta overheat
and shut off at startup. In this event, repeatedly restart
the compressar and alIow it ta run until il has shut
off severa! limes. The oil temperature will rise and
therehy allow continuous compressar operation.

4. Drain and purge water from the compressor before
shipping it back to the factory or subjecting it to
freezing conditions. Purge water from the com­
pressor by blowing compressed air, regulated to
30 ta 40 psig (200 to 275 kPa) into the compressor
output connection and allowing water to exit from
the water input connections.

- ----- ---_..._---- ------

(
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COUPLING HALVES DISCONNECTED

RETAINER O-RING
SPRING

BODY

STEM VALVE

TUBING

O-RING JAM NUTl
\1_--' ~o---,__,D~",~)

ADAPTER

---------1--_
RETAINER ADAPTER

TUBING

O-RING

SPRING

POPPET VALVE

COUPLING HALVES CONNECTED

BONDED SLEEVE

UNION NUT

RUBBER GASKET

SEAL BETWEEN BODIES

Figure 3.5 View of disconnected and connected self-sealing couplings

15
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BACK-PRESSURE CONDITIONS 1SEE TEXT 1
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Caution -
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The temperature of the cooling water as it leaves
the compressor should never exœed.10Q0p. 3,-':::

,o,----------~

Figure 3.7 Model 8300 Compressor
cooling water flow and
pressure requirements

Cooling Water: Temperature Rise
c;.);- ..... t-. ~ r,-, r. /' f r;~ ,."

Use the graph in Figure 3.8 to determine the rise in
cooling water temperature as it passes through the
compressor. This information is used by plant
engineering personnel to determine coaling water
requirements.

21"C

16 or..

Caution -- o,/~1kr

Ifyour water supply pressure falls below 2 psig
due to back pressure, the compressor will overheat
and shut down.

Use the (wo graphs in Figure 3.7 to determine the
maximum acceptable cooling water supply pressure
drop at different flow rates and temperatures. Find
the maximum pressure:

1. Determine the temperature variation of the cool­
ing water. Allow ±10°F to the present water
temperature if a variation cannot be ascertained.
Plot the high and low temperatures on the vertical
axis of the lower graph.

-, 1 The example describes cooling water ihat varies 1
1 between 40 and 70°F.

Cooling Water:
Flow and Pressure Requirements

2. Determine the optimum water flow rate by draw­
ing a horizontalline from the upper temperature
variation figure on the lower graph to the upper
curve of the allowable operating range indicated
by cross hatching. Drawa line from this inter­
secting point straight down to the horizontal axis
to fmd the optimal flow rate.

The example shows a solid arrow extending from
soOp and intersecting the allowable operating range.

?fl /, / ~.f/Dashed arrows pointing downward indicate a water
/,.,,'f1ow rate of 0.5 gallons per minute.

/""P; "

3. Determine the maximum cooling water supply
pressure drop by drawing a line straight up from the
flow rate in the lower graph to the upper graph.
At the point at which this line intersects the upper
graph, draw a line leftward to the vertical axis and
find the maximnm required water supply pressure
drop.

The example shows dashed arrows extending from the
lower to the upper graph. On the upper graph the
dashed arrows intersect the graph curve at approxi-

?2 h.-mately 4 psid. 0, 2 't2 "pro

16
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Fwd the temperature rise:

1. Draw a verticalline upward from the horizontal
axis of the graph at the water flow rate determined
from the previous section, until it hits the graph
curvc.

The example shows dashed arrows pointing up­
ward to the graph curve from 0.50 gpm on the

water flowrate axis. 1, 8'J /f/rn,n
2. At the point where the dashed arrows intersectthe

graph curve, draw a straight line to the left to ob­
tain the increase in output water temperature.

temperatures, combined with a graduai temperature
increase; a large vacuum leak may prevent satisfactory
cooldown. Your rough pump system should be
isolated from your vacuum system, once cooldown has
started, by closing the roughing valve shown in Figure
3.4, page 13. This valve should be of a high-vacuum
isolation type (Hi-Vac valve) for isolation of your
vacuum systcm during rough pumping, cooldown, and
operation.

CD-CRYOGENICS recommends that a suitable
pressure relief valve he instaUed in your vacuum
system to prevent any possible positive pressure cise
during wamup.

1

.0 r-------------,

Warning --
Do not connec! the control1er to its power source

until ail connections have been made between the
components of the Cryodyne refrigeration syslem.

1. Arter cleaning ail sealing surfaces, install the
O-ring in the groove for the O-ring in your vacuum
system fiange.

2. Mount the cold head to tbe flange, and be sure
that al! mounting bolts are torqued to specified
values.

Connecting the Cold Head to the
Compressor

Installing the CoId Head to the
Vacuum System

Proceed as fol1ows to instal1the cold head in your
vacuum system. Refer to Appendix H, page 51, for the
major interface dimensions of the Model 22 or Model
350CP Cold Head.

t
t

~ 25
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~
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~

<
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.25 .s0 .75 1.00 1.25 lSO

wATER FLOW RATE lGPMI

The example shows a temperature increase of
1JjoF.

Figure 3.8 Madel 8300 Compressor
water discharge temperature
Increase (oF)

-'

3.2 Cold Head Installation
The cold head and re1ated components must have

adequate vacuum integrily for proper operation in
your vacuum system. Inadequate vacuum will result in
an unwanted gas-conduction heatload from the
room-temperature vacuum housing ta the cold surface
of the cold-head cold stations. A small vacuum leak
will cause higher-than-normal cold-station operating

17

Make the connections between the cold head and
compressar:

1. Remove al! dust plugs and caps from the supply
and return lines, compressor, and cold head.
Check ail fittings.

2. Connectthe helium returo line from the gas-
relurn connectar on the rear of the compressar to
the gas-return connector on the drive-unit displacer
assembly on the cold head.



3. Connect the helium supply line From the supply
connector on the cartridge to the gas-supply
connector on the drive-unit displacer assembly
on the cold head.

4. Attach the supply and return line identification
deca1s (CTI supplied) to their respective connect­
ing piping ends.

Verify proper helium supply static pressure by con­
firming that the helium pressure gauge reads 245-250
psig (1690-1725 kPa) in an ambient temperature range
of 60 to 100"F (16 to 38"C).

If the indicated pressure is higher than 250 psig (1725
kPa), reduce the pressure as follows:

1. Remove the flare cap From the gas charge fitting
located on the rear of the compressor.

2. Open the gas charge valve very slowly. Allow a
slight amount of helium gas to escape until the
helium pressure gauge reads 250 psig (1725 kPa).

3. Close the gas charge valve and reinstall the flare
cap.

/

18
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If the indicated pressure is lower than 245 psig, (1690
kPa), add helium gas as described in Section 6.2, page
29.

The last step required for installation is making
electrical connections:

Warning --
.The switch on the front of the controller must be

in the OFF position before making anyand alI
e1ectrical connections.

1. Connect the cold head power cable to the
rear panel of the controller and the other end to
the electrical power connector )n the cold head.

2. Plug the controller input power cable into the
power source.

3. Your Cryodyne refrigeration system is now ready
for operation.
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Caution --
Do not begin Cryodyne refrigeration system opera­

tion until al! steps in the inspection and installation
procedures have been completed and confirmed.

4.1 Before Startup

Operating Log

It is highly aùvisable to create and maintain a detailed
operating log. The record will assist in troubleshoot­
ing, should problems arise. Figure A.l, page 35, is a
sample operating log included for your use.

Temperature Indication

The second-stage cold station temperature is
measured by one of two optional devices: a diode
~cmperaturesensar or a hydrogen-vapor-pressure
gauge.

While the Cryodyne refrigerator cao be operated
without temperature indication, it is advisable 10
instal! the temperature indicator to facilitate aceurate
operating characteristics. Refer to Appendix D, page
43 for a detailed d<;$cription of the temperature
indicator.

Installing the Load

The load cao be either attached directly ta the cold
station concemed, or coupled to it with heat wicles
(braided copper slraps). Use indium foil (0.00210
O.OOS-mch thick) between the mating surfaces to
improve thermal conduction.

ACter installing the load, raugh-pump your vacuum
chamber down to 5 x 10-2 torr or better. Then close
the roughing valve prior to starting cooldown of the
refrigerator. Upon cooldown, the refrigerator will
cryopump residual gasses in the chamber and an
insulating vacuum betwecn 10""" and 10.,5 torr will be
achieved.

4.2 Startup and Cooldown
1. Conftrm that thc roughing valve is closed.

2. Tum on the system power ON/OFF switch on the
controller.

3. During cooldown, record the operating log data
at 15-minute intervals. Ta cnsure minimum cool­
down time, do not apply electrical power to any
load during the cooldown.

The cooldown lime associated with a normal
cooldown, with no load atlached to a second-stage
cold station, is specifted in Table 1.1, page 3. The
cooldown time will increase approximately 15
minutes for each pound-of-mass increase of the
attachcd load. If the cold head cooldown times is
not within specifted requiremenls refer to Table
5.1, page 24, Cold Head Troubleshooting
Procedures.

Pressure regulation during cooldown is auto­
matie. The compressor pressures will vary during
cooldown but will usually attain steady values
nominally within 45 minutes after cooldown.
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For Your Information ­

How the Cold Head Operates

The cold head consists of a twcrstage cold head
cylinder and drive unit dispiacer assembly, Figure 13,
page 2, thattogether produce closed-cycle reCrigera­
tian attemperatures that range from 60 ta 12DK for
the fust-stage cold station ta 10 ta 2DK for the second­
stage cold station, depending on operating conditions.
Within the drive unit are located the crankcase and
drive motor, which is a direct-drive constant-spced
motor operating atthe following spceds for 50 or
6O-Hz power applications.

FREQUENCY
COLDHEAD (HZ) MOTORRPM

50 167
Madel 22 60 2DO

50 60
Model350CP 60 72

During operation, high pressure helium from the
compressor enlers the cold head atthe helium supply
connector, and flows through the displacer-regenerator
assembly, crankcase, and motor housing bcCore exiting
through the helium gas return connector and returning
ta the compressor. Helium expansion in the displacer­
regenerator assembly provides cooling at the fIrst and
second stage cold stations.

Refer' ta Appendix C, page 41, for detailed informa­
tion on the principles oC operation.

1

2D

Compressor Gas and Oil Flows

Refer ta Figure 4.1, page 21, while reviewing tbis
subsection.

Helium rettIrning Crom the cold head enters the
compressor, and a small quantity of ail is injected into
the gas stream, thereby overcoming helium low
specific heat and inability ta carry heat produced
during compression. Helium is then compressed and
passcd through a heat exchanger for remova! of
compression-caused heat. The helium flows through a
bulk ail separater, oil-mist separator, and helium filter
cartridge, where ail and contaminants are removed.

A differential pressure ",lief va!ve in the compressor
limits the operating pressure differentia! between the
helium supply and return lines, thereby allowing
compressor operation without cold head operation.
When cold head operation reaches a steady-state
condition, further pressure regulation is unnecessary.

•
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Figure 4.1 Flow diagram of the Model 8300 Compressor
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4.3 Normal Operation
The Cryodyne refrigeration system is designed to

operate without operator assistance.

The helium supply pressure gauge should he checked
once a week and the reaùing notcd in the operating
log. If.the gauge reading raIls outside the satisfactory
operatlng range, between 100 and 110 psig (690-760
kPa), refer to Section 5, page 23, Troubleshooting
Procedures.

4.4 Cryodyne Refrigerator Shut­
down Procedures

1. Close the Hi-Vac valve in your vacuum system.

2. Turn off the system power ON/OFF switch on the
controller.

3. Allow the cold head to warrn up to ambient
tempcrature.

1
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Foi' Vour Information -
It will take many hours to warm the cold-head

cylinder to ambi,ent temperature with no heat load
present. I!you desire a rapid waI .o1Up, break the
vacuum W1th a clean, dry gas, such as nitrogen or
argon. If this method is uscd, leave the Hi-vac valve
open to allow the expanding gas to escape as the
cylinder warrns.

4.5 Storage
The cryodyne refrigeration system is fully protected

during storage if kept under positive helium pressure
and aIl component connections left connectcd.
P~riodicallycheck the helium return pressure gauge
on the compressor. If the gauge reads below 245 psig
(1690 kPa), add helium as descrihed in Section 6,2
under Adding Helium Gas, page 29.

If the cold head is removcd from your vacuum system,
be careful not to damage the cold head.
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