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o [57] ' - ABSTRACT o
- An object, such as a superconductwe magnet or asu-
. per-conductor cable in a housing or cryostat, is cooled
- with a cryogenic fluid passed continuously from one
- vessel into the housing or cryostat and then conduoted-

'after expansxon into a second vessel where part of the .
- cryogenic liquid is converted to vapor by expansion. A

vapor/liquid separation 1s carried out in the second

- vessel and the liquid phase is delivered to a third ves-
sel serving as a storage reservoir and intermittently
connected to the first vessel to return hqmd coolant

~ thereto. During the accumulation of liquid in the thlrd |

- vessel, both the second and third vessels are main-
o _tamod at a pressure lower than that in the first vessel,

~the pressure difference drlvmg the llqu1d coolant
'through the housmg or cryostat | |

12 Clalms, 1 Drawmg Flgure o
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'METHOD OF AND APPARATUS FOR THE
~ COOLING OF AN OBJECT o
FIELD OF THE INVENTION

Our present invention relates to a method of and an

o apparatus for the coollng of an object such as a super- -
* conductive  magnet or a superconductwe cable ma
housing or cryostat wrth a lqu.l(.l coolant e.g. llqu1d he- |

lrum

BACKGROUND OF THE INVENTION

_. The deep coolmg of objects has been found to be es-
pec1ally advantageous m recent years for the cooling of

~ conductors in. electrical systems, the conductmty of a |
 conductor 1ncrcasmg as its temperature is reduced ln_f 15 cryogen to and effective cooling of an object to be
~the great majority of cases. The development of super-
~ conductive materials has caused increasing interest in
_ coollng systems adapted to reach superconductive tem-
S peratures 1.€. temperatures of 14°k or below and in the
~ handling of cryogenic lquIIClS I.e. llqueﬁed gases capa- -

- ble of reaching these low temperatures. '

Superconductors are -used, for example In magnets

of partlcle accelerators and other systems in which hlgh

o magnetrc ﬁeld strengths must be developed and an 1n-
. creasing cross-section of the conductor cannot be tol-
~ erated either because of high cost or other factors.

| Moreover 'superconductors are used in cables for the
| transmlssron of large currents over both sma]l and large'

| jdlstances

A typical cryogemc quUId cooled cable may.com-_

- prise a plurality of coaxial ducts in which the supercon-

~ ductor is received in the inner duct and an outer space
is evacuated and/or prowded with so-called superinsu-

~ lation composed of alternatrng layers of fiberous mate-
rial and reflective foil. The cryogenic liquid or cryogen'

. 1S C aused to flow through the lnnermost duct 1n dlrect- __
 contact or heat-exchanglng relatlon wrth the supercon- B
~ ductor. | o

Superconductor magnets are often enclosed in hlghly

| flnsulated housmgs or cryostats to whlch the supercon-'

- ductive liqu1d is admitted.

~In a conventional process for the coollng of ob]ects |
o _enclosed in a housing, e.g. a duct or cryostat, it has
| been the practice to. supply liquid helium from a first
~ storage vessel to the housing and to conduct the liquid
~after it has traversed the housing into a second storage
~ vessel. A pressure differential, produced by some pres-
Sure burldup means, 18 malntalned across the vessels to
- obtain the driving pressure necessary to displace the
" liquid from the first vessel to the housing and thence to

 the second vessel. When the first vessel 1s emptled the
pressure dlfferentlal 1S reversed and the liquid now col-

o lected in the second vessel is dlsplaced by the opposite
 pressure. dlfferentlal through the housing and mto the .
| -__ﬁrst vessel in the opposite direction. o

The disadvantage of this system 1is that the housmg

._ cannot be supplred for prolonged perlods continuously
‘with the cryogenic liquid from one vessel and hence |

there are periods in which the flow of the cryogen must

 be interrupted. This, of course, has the drsadvantage N
~that uniform flow and cooling cannot be guaranteed
~ and that even brief interruptions in the continuity of

" coolant flow may cause detrimental results when the

~ cooled object is a superconductwe magnet or super- N

- -__conductwe cable
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- 2[-_ _ o
OBJECTS OF THE INVENTION o

lt 1S, therefore the pr1nc1pal object of the present In-
‘vention to provide a process for the cooling of an ob- -

~ cryostat or a superconductive cable, whereby the

. atorementioned disadvantages are obviated. o

~ Another object of the invention is to provrde an ap-

‘paratus or system for the cooling of objects with a lig-

10 uid cryogen whereby the continuity of flow to the
~ cooled object from a supply vessel can be malntalned' -

~ for much longer periods than heretofore.

Yet another object of the invention is to provnde a

jmethod of an apparatus for the continuous supply of a

~ cooled, especially a superconductive system, for long
perlods and with a single supply vessel serving as the

" source of the liquid cryogen to the housmg of the ob-_'_
. ject to be cooled | |

20
| SUMMARY OF THE INVENTION

These objects and others Wthh will become apparent. |

. herelnafter are attained, in accordance with the present '

invention, in a method of coollng an object i in a hous-
25 ing,. _espec1ally a superconductwe magnet or a super-
- conductive cable, which comprises feeding a cryogenic

'-_'hqmd from a ﬁrst or supply vessel to the housmg, col-
lecting cyrogenic liquid from said housing in a second

vessel, expanding the llqurd in said second vessel to

30 cool the liquid and separating a vapor phase from the -
- liquid phase of said second vessel, feeding the liquid

phase to a third storage vessel and at least intermit-
tently returning liquid from the storage vessel to the"-
~ supply vessel. | o o |
35_ In other words the present mventlon provrdes for ex-'

- pansion of the liquid cryogen or coolant, after it has

been used to cool the object, thereby lowering the tem-

~ perature of the liquid phase and abstracting heat there-
from equivalent to the latent heat of vaporlzatlon of the

“cryogen. Thereafter a phase separatton Is carried out
~ whereby the liquid component is collected in the thlrd -
~or storage vessel and is resupplied to the first. |

cooling of an object, e.g. a superconductwe system,
~ with a liquid coolant or cryogen, e.g. liquid helium.
The liquid coolant is displaced through the system
)0 ing to the present invention, the pressure d_lffe.rent_la_l.' ;
‘between the first and second vessels is maintained ata
“level necessary to drive the hqmd cryogen from the first -
- vessel through the cryostat or housmg of the object and'
55 into the second vessel. | . S
Durlng the accumulatlon of the llC[llld in the storage_
| vessel the latter is rnamtalned at the same pressure as -

the second vessel, i.e. at a pressure lower than that in
the first vessel. Even the expansion step wrthln the sec-
ond vessel takes place to a pressure below that in the

60
ﬁrst vessel.

' -ﬁc1en_t degree with the liquid cryogen recovered from |

the first separation in the second vessel, the connection

65 ‘between the second and third vessels is closed witha
valve and a valve between the third vessel and the first
or supply vessel is opened. The pressure is developed_ o
- 1In the thrrd or storage vessel which is somewhat hlgher- o

5 Ject m a houslng €. g a superconductwe magnet In the '

- The system of the present invention is thus able to o |
. achieve, in a simple manner, the aforesta_te_d object of
permitting one-way, continuous and long duration

under appropriate driving pressures and thus, accord-

“As soon as the thlrd or storage vessel 1S ﬁlled to a suf- e



Sl

S than the pressure malntamcd in the ﬁrst vessel to drlve

*'.__'.the liquid cryogen into the latter.

© When the third vessel is: completely or: partly emptted_-_f{f
- 'or dtscharges into the first vessel, the valve between
~ them is again closed and srrnultaneously the second
- valve is opened so- that the pressure in the third. vessel
again. assumes a- level rdentrcal to that. in the second

~ vessel and the liquid coolant can flow: frorn the second
- vessel to the third. Consequently, the second’ vesself E
.~ serves for. temporary storage of the liquid- phase only

~during the period in Wthl‘l the thrrd vessel 1s bemg dls--f} L

N _fcharged into the first.

. The pressure dlfferentlal requrred to drlve the quuld
) _'frorn the first. vessel to the second and from the third
~ vessel to the first as described above can be. generated;: 15
~ bya pressure butldup means of any conventlonal de--ﬂ'_-f
~ sign. ' o L o
- An 1mportant feature of the present 1nventlon resrdes o
_-"'1n the fact that, during the two switch-over phases, i.e.
'-:"'.__"the filling of the third or: storage vessel and the dis-
~ charge of the storage vessel into the supply vessel, the
- displacement of the liquid cryogen from the first or
“ supply vessel to housing of the object to be cooled is

o ‘neither. influenced nor completely mterrupted The. ob-__

N jconductlve cables or the like.-

"~ According to another feature of the present tnven—:_
tion the first valve between the third (storage) and first % RS
35 same. The central passage serves for the feed of the. hq-
uid cryogen to the oobject to! be cooled. The mnerrnost;...}f;ﬁf???i;?;?;;’_;ﬁ'f'f?f'-5-f.f§'fj§gfffi'_3?} e
| for first annular passage serves to conduct expanded ~ .
_cryogen or coolant from the object to be cooled and =~
the third annular passage forms a radlatlon shield and:_f;'5:_;:;;;_5?:;;;fé-.;}:7;;;;'5{;-lﬁﬁ?ff-_'_:___ff:;zsff-ii'f KEENRNOR

N _."j._-(supply) vessels and the second valve between the sec-
- ond (phase-separation and liquid- collection) and third
~ vessels can be. controlled by a liquid-level indicator,

- sensor or controller responsive to the quu1d level in the
 third or storage vessel and havmg upper and ]ower'_.'ﬁ”. 3
~threshold values. IR ST
- Assoon as the llqtnd level in the thlrd or storage ves- -
~ sel reaches the upper threshold valve, the level indica-
- tor or sensor generates a first pulse to c]ose the second -
- valve and open the first valve while energizing or oper- _
~ ating the pressure control device for the third vessel to 45

~ bring the pressure entrainment to a level above that in
~the first vessel. ‘The pressure differential between the
 third and first vessels can thus displace the accumu-

_r"lated ltquld cryogene and coolant into. the first vessel.

3 882 687

40 a p Etl'.h fOf the vapor Of the llCll.lld cry@gen between the

= Strll another feature of the 1nven tlon resldes in th e
provlslon of a level indicator in the third vessel havin; e A
~'the upper and lower threshold valves as described ~ -~

the second and fourth are evacuated

"6'_(_).':‘.'apparent from the follovvmg descrlptlon

‘being made to the accompanying drawing i in which the ;-,:l__{_
'"'_1}'_._sole FIGURE is a flow dlagram 1llustratm g a system ac-r

f__f-_;i_-'cordmg to the present mventlon

“Within the cryostat . there is formed a coolm g zon e S
. 1mmed1ately surrounding the object to be cooled which -~~~
" is cooled by the expanded coolant from this object. for__'f};i:f[?5?-;;};{;ﬁ_ﬁf}.ﬁ.}:_?':{:;--::3_:{3"2};}}_; SIIRIE
~the supercoollng of the in commg liquid, the outﬂowm gl
._".coolant is passed through a heat. exchange with one sec_f._?é’;;ﬁ;;:':j'_fl;-;_f;ff;ﬁ::f::ff}.;.ffffi;ff-f;f5':5.:.f?}f-,f- SR

BRIEF DESCRIPTION OF THE DRAWING

The above and other ob Jects fe atnres and advan-
py -tages of the present mventlon will: become more readlly;;_;f;':;;_ﬁfffi;.:a?Qi}}fﬁ*-::;_';3_5.}’.__iiﬁ:"i;;;éf_ﬁ_.;EJ;_I E T
ref e ren C e Ll

SPECTFIC DESCRIPTI.N

'_j_?.jf'---the ﬁrst or suppl y vessel frorn the in put of he at from the Sy
. exterior: These separate cool Zones: may be pro v1ded'fé;;_;;-;}?@-;;:_:2?-_:35;}2’{?.?5355?2_f{;--..ffi:.i}-{;f;"j";_ﬁ;.'.-i‘s:;.,.-}f:ff.f'_ s

~around the duct whereby the liquid cryogen is deliv-- -
‘ered to the cryostat around the chambers of the cryo- o
“stat traversed by the liquid coolant and around the - -~
?-_body of liquid cryogen- ‘maintained in the supply vessel. o
~According to still :another feature of the invention, .
3:?-__:_:-I‘adlat10n shields preventing the loss of cold within'the -~ =
~ duct system. and the cryonate are cooled mth cold e
10 -'_'coolant vapor from the second vessel. .o
- _An apparatus’ for carrying out the method of the pre s sl
B _”ent invention thus comprlses three vessels whereby the I
' third or storage vessel is connected with the first. by 1L IR
'-._f_'duct and ‘a first valve and ‘the: second vessel S con- ‘?'_5-:.;3-?};{;;:.f;___'_;-'j
nected to-the third by a duct and a: second valve Pref- e
- erably the third or storage vessel underlies the second’
~or phase- separatlon vessel (the latter is dispos sed abo ve_f-.::_.:'Q*-?f'-?iz;'j-r'l; Sl
the third or storage vessel) and suitable conduits, ducts ©
or the like are provlded between the ﬁrst or supply ves-;:3;;‘*;f{fif;'@i:j_'fﬁ;f.j B
20 ‘sel and a cryostat containing one or. more objectstobe
:_'cooled and between the cryostat and the second ve ssel Gl T
- The duct means connecting the interior of: the cryon L
L ate w1th the second vessel 18 provrded w1th an expan o
" ject to be cooled is thus subjected to a continuous flow 25
~ of the llqu1d cryogen at a constant rate from a single
 supply vessel for long periods, i.e. until all of the llqu1dﬁ,-_ .1
o '_'cryogen has been converted into vapor.
~The method of the present invention has been foundl o
 tobe especlally advantageous for the coolmg of super—?-_'?'o_
~ conductive systems such as- conductlve magnets super-._-'

- above whe reby the valves are autom atrcally controlled =~
~ in response to: the level in the third or sto rage. vessel,
‘In accordance with another feature of the' apparatus5f'f?_f?'ff;ffiif';jj:j__.frf;;f;.-fj-;zfi;;}j.:_._ﬁf-.}?ig_fi___f'f.-;f:-i-}:f.'..;;f_:':_
_’-._‘aspect of thls invention, all of the connectm g ‘ducts be- -
. tween the vessel and the: cryogen or: the obj Ject tobe
cooled are formed as coaxial conduits with a centrali_{f:i':{-;'fj{;fj_;_-'f?5__{:};?T;f_ffiéif'ffi'':.ifff_'f:?i’ﬁ_:f-"fi i
~ passage and the coaxial annular passages surrounding =

50 tlon traversed by the llqllld cryogen from the Supple
R Conversely, when the hiquid- level senses a llqutd level =7

o in.the third vessel whlch falls to the lower threshold_ﬁ |
"'value a second pulse s generated vvhlch once again
~ closes the first valve and the pressure- -control device

~ while opening the second valve. The hquld cryogen or 55
- coolant then flows from the second vessel to the thlrd
~ while the pressure in the latter vessel is reduced to that'-a_..;
" of the second vessel especrally when the ob]ect tobe
~ cooled is a super-conductive system it has been found =
to be advantageous to pass. the lquId coolant supplled-
- to the object to be cooled in indirect heat exchange
~ with the Opposnely flowing expanded coolant thereby-_-’;'-'_-_'r
~ super-cooling the oncoming coolant and insuring that
 the llqurd cryogen will maintain 1ts llC]’LllCl state as 1t tra—-'
o verses the SyStem to be cooled o S
-~ Furthermore, the coolant w1thdrawn from the system:}:]y--.. R T
~ to be cooled may advantageously be expanded and pass—f'af-":-_-i?-_
- _through Sepdrate coolmg zones to shleld the hquld of |

_j_-f::f?cryo gen from the cooled object Of course, whlle th e
- system has. been described for a single object to'be -
- cooled, it may also be used to cool a number of objects -
” 'tn parallel or in serles w1th respect to the f]ow of the llq-?f.;g?{:?’;j??éf_;ff;:f_ff;;f?fff?fff'?Z{-f;f;ij-:fffi.f‘ff%.ﬁl

The system lllustrated m the drawm g comp rtses a ??



~annular passages 11, 37, 30 and 38 surrounding the
central passage. The coaxial duct system may extend
- over long distances and is represented generally by the

~ numeral 12. From the central pussage the liquid cryo-
~ gen is introduced at 4 into the object 5 to be cooled in
‘a cryostat represented generelly at 20, 'The pb1ect may-_'

: _be a superconductive magnet. |

The supereoeled liquid cryogen seu‘lewhat heated tp

Ject 5 and forming a cold zone therearound. The cool-

ing avoided by the passage of the mixture through the
 ducts 9 has been found to stabilize the temperature of

~ the space in which object 8 is disposed.

A duct 10 carries the two-phuse mixture from the

-'separatlon vessel 14, -

 The mixture of vapor and Itqurd phases is separated _

~ in vessel 14 and the liquid phase can be transferred via

~duct 15 and an automatically controlled valve 16 to the

~ third or storage vessel 17. The latter is connected by a
-duct 25 and a valve 24 to the first vessel 1.

To create the displacement pressure driving the lig-

uid from the vessel 1 through the object 5 to be cooled

~ and into the vessel 14, we. prewde a pressures

- generating device which comprises a duct 18 con-

- nectedtoa centrelled pressure valve 19 and a pressur-

- ized gas source 6 which is also connected via line 22

~and the pressure -controlled valve 23 to the gas space

of vessel 17.

A level sensor 21 reSpends to the hqmd level in the
'_,storage vessel 17 and has upper and lower thresholds
represented by the inlets 21« and 215 of the controller
21 whose outputs are applied to the valves 16 and 24
~and to the pressure-regulating valve 23 respectively.

- The gas derived from the quutd/vapor separator 14

- is fed by line 29 to the third annular passage 30 of the
" coaxial duct system 12 and then passes through tubes
- of a heat shield 32 surreundmg the heat shield 9 and
~ enclosing the space in which the expansmn valve 8 is
 provided. The latter heat shield 32 is endlosed in the
~insulated walls of the cryogen 20 and delivers its vapor
~via line 34 tp a cendensmg statton or the llke not ~
© shown. . Relind Eate
- The operatten ef the system wrll be more readrly ap~
- parent wrth reference to a specrﬁc example as gwen be- _
- low. | |

Liquid helium at a pressure of about | - 8 atmo-

- spheres absolute and a temperature of 4.9°K passes
 from the first vessel 1 via the line 2 through the heat ex-

~ changer 15, the central passage 3 of the coaxial duct
~ system 12 and by line 4 is admitted to the object 5 to |
be cooled, especially a conductive magnet,

3 882 687 -

| '_ | _ene sectlen of o heut exchunger 15 uml then tu the eem o
“tral passage 3 of a coaxial-conduit system having four

he]lum at o temperature of 4. S.. K and thereby stab:hzes - '

' the temperature within the object 5,

lute and hence a pressure differential of 0.6 atmo-

‘The object 18 thus cooled with super-critical hellum_ : '_
at a pressure of about 1.8 atmospheres dbscjlute and a

temperature of about 4.5°K. | - _.
From this second vessel 14, hqurd helium 1S trans-

ferred to the open valve (second valve) 16 into the |

third-or storage vessel 17 which is at the same pressure

~as that of the phase-separation vessel 14. A gravity

10
“contact with the object 8, is conducted away at 7 and
enters an expansion valve 8 in which the liquid cryogen

s expanded to form a vupor-hqurd mixture which tra-

- verses a helical duct system 9 in heat exchanging rela-

- tion with a radiation shield directly surrounding the ob-

transfer of the liquid takes place during this period.
The latter pressures are about 1.2 atmospheres abso-

spheres absolute is applied between the first vessel 1
and the second vessel 14 to dlsplaee the quurd helium. -
‘As soon as the liquid level in the third vessel 17

~ reaches its upper limits as defined by the inlet 21a, the

~level sensor 21 applies a signal which closes the second

valve 16, opens the first valve 24, and overlies ‘upon the

| 20 pressure controller 23 to raise the pressure in the third
."_eeld zone through the first annular space 11 of the
~ coaxial-duct system 12, through another section of the

- heat exchanger 15 and via lme 13 to the second er: _'

vessel 17 above 1.8 atmospheres absolute, e.g. to 2.0

- atmospheres absolute. The liquid is driven out of the
~storage vessel 17 into the supply vessel 1 and the flow

~of liquid helium through the object 5 is not interrupted.

s

Of course, vessel 14 remains under its original pressure -
1.2 atmospheres absolute or slowly increases m pres-

- sure, but well below 1.8 atmospheres absolute.

30

As soon as the liquid level in the third vessel 17 falls
to its lower threshold value as sensed by the inlet 215,
the sensor 21 closes valve 24, opens valve 16 and re-
stores the pressure control 23 to its original level while

‘venting excess pressure and permtts the pressure to be

~repeated. The vapor of course is used to cool the radia-

35

tion shield 32, The passages 37 and 38 of the coaxial

duct system 12 are evacuated and the compartment

e.g. 28, within the eryogen 20 and the housing 36 sur-
reundmg the vessels 14, 17 and 1 can also be evacu- |

ated.

40
- a cryogenic temperature comprising the steps of: con-
tinuously feeding a liquid cryogen from a supply vessel

We claim: |
1. A method of coelmg an pbject to be maintained at

~ to said object; maintaining a pressure in said vessel suf- -

43

ficient to displace said liquid cryogen to said object; ex-

panding liquid cryogen upon its passage to said object

~to form a vapor/liquid phase mixture of the liquid cryo-

gen; separating said phase mixture into a liquid phase

~ and a vapor phase in a second vessel; transferring the

50

liquid phase from said second vessel directly to a third

storage vessel; and at least intermittently feeding said
~ hquid cryogen from said storage vessel to said supply
~ vessel upon the liquid level in said storage vessel attain.

ing a predetermmed height and at substentlally the_

| _-55: pressure in said supply vessel,

2. The method defined in clatm 1 wherem A ﬁrst'

valve is provided between said storage vessel and said

| 'supply vessel and a second valve is provided between -

In the heat exchanger 18 the liquid helium is super~ o

~ cooled to 4 temperature of about 4.5°%K and the super-
- cooled liquid helium is expanded at valve 8 to a pres-
sure of 1.2 etmpspheres absolute before entermg the

- cooling zone 9.

- Within the wolmg zone, the helium vaper hqurd Mix-
- ture passes in countetflow to the liquid superueeeled :

~ said second vessel and said storage vessel, said method

60’ further comprising the step of controlling said Valve sin _

response to the liquid level in said storage vessel. |
3. The method defined in claim 1, further comprising

~the step of super- -cooling the hqurd cryogen from said -

- supply vessel prior to its use to cool said object in heat_

65 exchange with the expanded cryogen.,

4. The method defined in claim 1, further comprlsmg

the step of shielding the liquid cryogen in centaet with -
| Sdld object wrth the expanded eryogen, o B



5 The method deﬁned in clalm l further comprlslng |
{;the step of shielding the hquld cryogen between said -
. supply vessel and sald object Wlth the expanded cryo-._*'

gen.

6. The method deﬁned mn clalm 1 wherem a radlatlon -'

N '_shleld is prowded around said object, said method fur-
~ ther comprising the step of cooling said radiation shield -
_Wlth the vapor phase separated from said liquid. phase o
"~ 7. An apparatus for cooling an object, comprising a
supply vessel for a liquid cryogen; conduit means con-
~necting said supply vessel with said object; an expan-
- sion valve receiving liquid cryogen from said object; a

10 P

~second vessel communicating with said expansion valve
- and receiving a vapor-liquid phase mixture of said cryo-

- gen therefrom; a storage vessel connected to said sup-

~ply vessel for delivering liquid cryogen thereto; and
"' means connecting said second vessel to said storage_" .

~vessel for delivering said hquld cryogen to said:storage
 vessel upon its separatlon from the. vapor phase of said

20

-mlxture In response to the llquld level m. salcl storage

8 The apparatus deﬁned in clalm 7 further comprls* _-
| mg a heat exchanger having a first section traversed by
the liquid cryogen between said supply vesael and said

“object and a second section traversed by a vapor-hqurd-

15

phase mixture from said expansion valve for super-

. - cooling the llC]LIld cryogen prler to the use. thereof to_”_-' B

B cool said object.

9. The apparatus defined in clann 7 further comprts-i-_f-. __
30
“means for passmg ‘the vapor-hquld phase m:xture'.':_;'}.'__':-3
| -formed upon eXpansmn of sald hqu1d cryogen in sald_._'_'__-

'_lng a. radiation - shleld surroundlng said object and

......

":_'j:radlatton shleld

-10. An apparatus for coolm g an ob }ect comp risin g a

supply vessel for a liquid cryogen; conduit means con- = -~~~
- necting said supply vessel with said object; an expan- SRy
" sion valve receiving liquid cryogen from said object;a-
E --second vessel communicating with sald e}:pan sion valve AR

and recelwng a vapor—hquld phase mlxture of sald cryo- ERDEEE

mixture a valve being provided between said second =~ .
vessel and said third vessel and another valve bein; g
_ provided between said second vessel and said atorage;-f,fj-‘fff:Zﬁ.f';}ﬁsl*.f%-:;j_;f:f'::':";_'-fff;'---'f-'i?SE SR
~vessel and another valve being: provlded between said .o
storage vessel and said supply vessel, said apparatusff;_;'if-f_§Z_.eff;;f'?;!;;f;{i_é;;?f;§§;_?'}ij;;_;};_-fif._;"_'ﬁ;f:'ff:;fl--_f':__'i_
further comprising a liquid level sensor in sald sterage S

vessel for controlling said valves

~ 11. The apparatus defined in- clalm 10 wherem a
- pressure control device is provided for re gulating the
relatwe pressures in sald vessels above that in sald sup—__ R

vessel to satd supply vessel

12. The apparatus deﬁned in c]alm 10 whereln sald i
‘conduit means comprises a central. passage traversed
by the liquid cryogen and a Plurallty of annular pas s

. sages surroundmg said central ‘passage; at least one’ of |
said annular passages bemg connected to one of sald

.......

means connectm g sald second vessel to sald sto rage g

~ vessel for dehverlng said liquid cryogen to said storagefjjf;;ff'i;Q_-s-‘Egﬁ;?;_f-;f__:{i'f;f-_f;f_f.‘-_f?j:i?j;;g-:?;-"'f_f._' . 'i
“vessel upon its separation from the vapor phase of sald'_'__-:;{;;;:-"jj?é__;g.;_.fjj R

vessels for passage of cryogemc fluld therethrough = et

N 50 IR
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