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This invention relates to separators and more particu 
larly to an apparatus for separating two phases of a cryo 
genic medium (i.e. liquid and gas). 
The use of cryogenic liquids in industrial applications 

has become increasingly more prevalent. In this con 
nection, cryogenic liquids are being employed in a num 
ber of diverse industrial applications, for example, as a 
refrigerating means in de?ashing and trimming apparatus 
for molded parts. In such applications it is extremely 
important both from the standpoint of economy and e?i 
ciency that the cryogenic medium be utilized in aliquid 
state. Inasmuch as some vaporization of the cryogenic 
liquid occurs during passage through the system supply 
ing same notwithstanding the type or degree of insula 
tion employed therein, the need exists for an effective 
apparatus which can be utilized to separate cryogenic 
vapor from the cryogenic liquid being supplied. To be 
effective, such. a separator should provide a continuous 
supply of cryogenic liquid at the point of utilization while 
at the same time salvaging the cryogenic vapor for re 
liqui?cation. Moreover, the separating apparatus should 
be capable of effecting separation of the two phases of the 
cryogenic liquid rapidly and without causing additional 
loss of cryogenic liquid as a result of the separation 
process. 

Accordingly, it is the prime object of the present in 
vention to provide an improved apparatus for effecting the 
separation of two phases of a cryogenic medium. 

Still another object of the present invention resides in 
the provision of a separation apparatus for a cryogenic 
medium which carries out the separation of the vapor state 
from the liquid state in a rapid and efficient manner with 
out causing additional loss of the cryogenic liquid. 
A further object of the present invention is to provide 

a separation apparatus for a cryogenic medium which is 
relatively inexpensive both in construction and operation. 

Other objects and advantages of the present invention 
will become apparent from the, following detailed descrip 
tion when considered in conjunction with the accompany 
ing drawing wherein the single ?gure is a simpli?ed eleva 
tional view of a preferred embodiment of the separation 
apparatus with portions of the apparatus con?ning en 
closure broken away. 

In general, a preferred embodiment of the separation 
apparatus of the present invention includes a suitably in 
sulated separation chamber whereto the cryogenic medium 
is supplied and wherein the cryogenic liquid is separated 
from the cryogenic vapor. A suitable ?oat, which is sup 
portable by the cryogenic liquid but not so by the cryo 
genic vapor, is positioned within the separation cham 
ber. The ?oat has a piston rod or shaft secured thereto 
which extends from the separation chamber to a region 
which houses a responsive switch means. As the height 
of the ?oat varies in response to variations in the level of 
the cryogenic liquid within the separation chamber, a 
switch actuating piston member secured to the piston rod 
is advanced relative to the responsive switch means. 
When a substantial amount of cryogenic vapor accumu 
lates in the separation chamber as indicated by the posi 
tion of the ?oat, the responsive switch means is actuated, 
thereby causing the opening of a vent valve that is con 
nected to a vapor outlet for the separation chamber. 

10 

3O 

45 

60 

65 

70 

Patented July 20, 19655 

P 

IC€ 

I) 

When opened, the vent valve allows the cryogenic vapor to 
be discharged from the chamber. Thereafter, as a suit 
able volume of cryogenic liquid is again accumulated 
within the chamber, the ?oat is raised resulting in the 
closure of the vent valve. The Vent valve is sized so that 
a relatively rapid discharge of the accumulated vapor is 
achieved and a continuous supply of pure cryogenic liquid 
is realized. Moreover, the vapor outlet is suitably 
shielded to preclude the discharge of cryogenic liquid there 
through as vapor is being vented from the chamber. 

Referring speci?cally to the drawing, a preferred em 
bodiment of a gas separator in accordance with the present 
invention includes a separation chamber 11 that is de?ned 
by a cylindrical housing 12, which is preferably formed 
of a material such as stainless steel. The cylindrical 
housing 12 is con?ned within a rectangular enclosure 13 
formed of a material such as aluminum. More particu 
larly, the cylindrical housing, which de?nes the separation 
chamber 11 is positioned in spaced relation to the inner 
walls of the enclosure 13 and a suitable layer ‘15 of ther 
mal insulation is provided in the region therebetween. 
Preferably, this insulation is polyurethane which is foamed 
in the region between the housing 11 and the enclosure 13 
subsequent to the mounting of the housing therein although 
other forms of insulation can also be employed. 
The separation chamber de?ning housing 12 is provided 

with a liquid inlet port 14, a liquid outlet port 16 and a 
vapor outlet port 17. Each of these ports communicate 
with suitable coupling members exteriorly of the enclosure 
13 through conduit members 18 that maintain the housing 
12 in ?xed relation within the enclosure. As shown, in 
the drawing, the liquid inlet port 14 is positioned in a 
plane above the liquid outlet port 16 and the vapor outlet 
port 17 is located near the uppermost region of the cylin 
drical housing. 

In this connection, it is important that the liquid in 
let port 14 be maintained above the liquid outlet port 16 
so that any vapor entering the chamber through the port 
14 does not pass directly to the outlet port. Moreover, it 
is important that the ports 14 and 17 be maintained in 
suitable spaced relation so that incoming liquid is preclud 
ed from being discharged from the vapor outlet port. To 
further preclude this discharge of liquid, the vapor outlet 
port 17 is shielded by a ba?ie member 19. In the illus~ 
trated embodiment of the invention, the ba?ie member 
19 is a closed end cylinder provided with a plurality of 
relatively small vapor discharge apertures 1% along the 
upper surface thereof and a single drain aperture 19b 
along the lower surface thereof, the function of which 
will be more fully hereinafter described. 
A spherical ?oat 21, which is preferably formed of 

stainless steel, is con?ned within the separation chamber 
11. The ?oat 21 is selected so that it is supported by 
cryogenic liquid which accumulates within the chamber 

- .but not so by an accumulation of cryogenic vapor due 
to the relatively low density of the latter. A shaft or 
piston rod 22 is secured to the ?oat 21 and extends verti 
cally upwardly through a sealing and bearing member 23 
that is con?ned within a conduit member 24. As shown, 
the lower end of the conduit member 24 is suitably se 
cured to an apertured portion in the upper wall of the 
cylindrical housing 12 and extends outwardly through the 
thermal insulation 15, an aperture in the upper wall of 
the enclosure 13, and extends into a housing 26 for a 
selectively actuable switch 29. 
More particularly, the conduit member 24 extends into 

and through the housing 26 and serves as a guide for a 
switch actuating piston member 27 that is secured to the 
upper extremity of the shaft or piston member 22. As 
shown, the piston member 27 is mounted within the con 
duit member 24 for limited movement therein and rela~ 
tive to the selectively actuable switch 29, which might be 
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any oneof several commercially available types. In one 
preferred embodiment of; the invention, the switch 29 is 
a commercially available magnetic proximity switch and 
the piston member 27 'is formed of magnetic material. 
Accordingly, ,as theipistonrneinber is advanced down; 
wardly and away from the switch in response to the low—. 
ering of the level of cryogenic-liquid within the separa 
tion chamber 11, the switch 29 is actuated thereby. ? ' 

.In vthis connection, the switch 29, ‘which is preferably‘ 
adjustably-mounted on the conduit member 24, is. elec 

’ trically connected to a solenoid'30' by conductors 31.‘ 
As shown,‘the conductors 31 extend from the housing 26 
and are connected to'a suitable source 32 offelectrical' ,. 
energy (e.g.-' a conventional 110* volt A.C. source).. The 
switch and solenoid are ‘preferably: connectedrso. that 
when the magnetic piston 27 is in the location shown ‘in 
the-drawing, the switch 29 is open and no current is sup 
plied fromthe source 32 to thelsolenoid '30. However, 
when the piston member is lvower'ed‘invresponse to the 
lowering of the level of the cryogenic liquid, an energiz 
ing circuit for the solenoid is provided by the closure of 
the switch 29 resulting from this movementof the piston ‘n 
member relative thereto.’ 
The ‘actuated element of the solenoid 30 is mechanical 

ly connectedto a valve ‘34 that controls the passage of 
vapor from the separation chamber 11 vthrough the 
vapor outlet 17 and the conduit ‘18 associated therewith. 
In this connection, the valve 34 is connected to the cone 
duit 18 so that a critically. sized ori?ce provided by the 
valve is either fully open or'completely closed in re 
sponse to the action of the solenoid 30. - i ' ' 

Themanner in which the’ effective separation of cryog 
genic liquid and vapor is effected by the aforedescribed 
embodiment'will best be understood from ‘a .considera- ' 
tion of a typical operational period. In this connection, 
when utilized in an industrial application requiring pure 
cryogenic liquid, the separator is preferably. located at 
the highest point in the system ‘employing same; vThe 
liquid inlet port 14 ‘is connected, through the coupling _. 

v4t) member 20 to a suitably insulated inlet line that supplies 
cryogenic liquid from a suitable-storage'or containment 
vessel (not shown’), through the separator to the point of 
utilization. Inasmuch as some vaporization accompanies 
this transferrence' of the cryogenic liquid, both ‘liquid and 
vapor are introduced throughithe'inlet port 14;to“the 
chamber 11. ’ ' - 

For purposes of the remaining portion of this descrip 
tion, it will be assumed that .a suitable amount of cryo 
‘genic liquid has accumulated Within the chamber 11 so . 
that the ?oat 21 is‘ in the position shown in the draw 
ings. When the ?oati's so positioned, the vent valve, 34 
is closed, and .a continuous supply of cryogenic liquid, is 
discharged‘. through the liquid outlet port 16 and supplied 
to the apparatus associated With'theseparator. 

If, for example, aportion of the liquid being supplied 
vaporizes during passage'through the inlet line, the vapor. 
introduced to the- cha'm-ber rises to the ‘liquid-vapor intere . 
face. The, vapor "is not- discharged through outlet port 
16 since the inlet port is located in a higher plane. , As 
the vapor is introduced and as liquid is continuously dis 
charged, 'the level oflthe accumulated liquid decreases. 
Consequently, the ?oat 21 is lowered‘in' direct ‘response 
to this lowering of the, level of the cryogenic liquid. ‘ 

Whenithe magnetic piston 27, which is connected to the’ 
?oat by the, piston rod 22, is ultimately, advancedout of 
proximity with ‘the switch 29, the normally open contacts 
of the switch are closed and energizing current is sup;v 
plied to the solenoid 30. 'When energized, the solenoid 
3%) effects the opening'of the valve'34. Upon, opening, 
the valve provides a discharge path for the vapor ac? 
cumulating‘in the separation chamber 11., _ . 
More particularly, when the valve 34, is open, vapor 

‘in the chamber. 11 passes through the apertures in the 
shielding cylinder19, the vapor outlet’ port 17,‘ the con- ' 
duit 78,,the coupling member'ZO," and through the criti 
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'cally sized ori?ce provided by the valve 34 to a suitable 
compressor-(not shown) associated with the separator. 
In a conventional manner, the cryogenic vapor discharged 
from'the ‘chamber is’ recompressed and returned to the 

5 supply or containmentvcssel connected to the inlet line 
for the separator. ' ' ~ . 

As the accumulated vaporiis'discharged, and cryogenic 
liquid again accumulates within the chamber, the float 21 
and the piston member 27 remotely securedjthereto are 

10 advanced upwardly. That is, the disc'haige of vapor from 
the chamber 11' and the pressure‘relief" incident thereto 
‘allows liquid to ?owinto the chamber at‘ a faster rate 
than liquid is discharged therefrom and the liquid level 

V is reestablished.v f The‘resulting return movement of‘ the 
15 'magnetic'piston member 27 vcauses the, switch 29‘ to be 

- actuated and again ‘openthe energizing circuit for the 
solenoid 30} When the solenoid 30 is, deenergized, the 

. valve 34. '(i.e. the critically sized vent'ori?ce) is again 
, fully closed. This aforedescribed intermittent venting of 

20 ‘accumulated vapor continues as a continuous supply of 
. cryogenic liquid'is being supplied from the source through 
v,the separator toithe point of utilization.' 

In this connection, it is important that the accumulated 
~_cryogenic vapor be vented-from the chamber at a suita 

25j ble' rate tov insurefa continuous supply of . pure cryogenic 
, liquid at the outlet port 16. However, the vapor should 
not be ‘discharged so rapidly‘ thatviolent splashing of 
the ‘liquid within the chamber'results', since vsuch splash 
ing leads to'pthe discharge of cryogenic liquid through 
the vapor outlet 17 and inhibits the e?iciency, of the de 
livery and separation operations. . ' 
One example of separator operation clearly illustrates 

' ' the results that can be achieved by employing theffeatures 
of the present inventionrfln this instance, cryogenic 
liquid was continuously supplied'through the inlet port 
14 at a pressure of 20 p.s.i_.g., and satisfactory and e?‘icient 
separation'was effected" by an ori?ce in the valve 34 
which accommodatedthe venting of accumulating'vapor 
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delivery pressure or adjusting the length of' the ?oat 
chamber to provide more vapor space. ‘In such cases, 

"the ori?ce, size isiadjusted to conform to these variations. 
' To further insure that cryogenic liquid ‘is not ‘lost 

4:5,through the vapor ‘outlet port 17_ during the venting 
process, 'the shielding, cylinder 19 is employed. While 
the vapor discharge apertures 1% provided therein readily 

> ‘accommodate;thepassage of vapor from the chamber 11, 
this member serves as a battle and effectively precludes 
liquid from being-discharged from the vaporoutlet port 
17. However, shouldsome liquid pass into the cylinder, 

I the drain aperture 19b in the lower surface thereof ac 
‘commodates the discharge of this liquid back into the 

' separation'chamber. . , 

55 It should be vunderstood'that‘thetoregoing is merely 
illustrative of the invention, and various equivalent struc 
tures can berdevised without departing from the inven 
tion as set' forth in the'accompanying claims. ‘ 
What is claimed is: i ‘a v ‘ 

60‘ ' 1. ‘Apparatus for effecting the separation of two phases 
of a cryogenic medium being‘supplied from a source 
thereofto a point of utilization; which apparatus com 

, prises an insulated housing which ide?nesa chamber for 
' receiving'the cryogenic ,medium. positioned in elevated 
‘relation with respect to'both'said sourceand said point 
of utilization; said housing including an inlet port where 
throughvthe medium'is supplied to the chamber, a liquid 
outlet port positioned belowthe inlet port, and a vapor 
'outplet port positioned substantially above said inlet port; 
‘selectively energiz‘able means connected to said vapor out 
letv port'so as to' normally block the vapor discharge path 

‘ providedthereby; switch means mountedon said insulated 
housing and electrically connected to‘ said last mentioned 
means for controlling theienergization thereof; a ?oat 
member-con?ned within said housing, said ?oat member 
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‘at a rate of 80 standard cubic feetper minute. Obvious: 
13/,» other venting rates can be obtained by varying the . 
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being supportable by cryogenic liquid but not supportable 
by cryogenic vapor; switch actuating means connected to 
said ?oat member for movement therewith and relative 
to said switch means; said switch actuating means causing 
the actuation of said switch means in direct response to 
the lowering of the level of the cryogenic liquid within 
said chamber and the corresponding downward move 
ment of said ?oat member below a preselected level, said 
actuated switch means effecting the energization of said 
blocking means and the opening of said vapor discharge 
path; and a chamber de?ning spill over shield secured 
to the housing in surrounding relation to said vapor out 
let port to preclude the spilling over of cryogenic liquid 
through said port as vapor is discharged, said shield 
having a series of ori?ces to accommodate the ?ow of 
vapor therethrough each of which ori?ce is of a cross sec 
tional area which is substantially smaller than the cross 
sectional area of said vapor outlet port. 

2. Apparatus for effecting the separation of two 
phases of a cryogenic medium being supplied from a source 
thereof to a point of utilization; which apparatus com 
prises an insulated housing which de?nes a chamber for 
receiving the cryogenic medium positioned in elevated re 
lation with respect to both said source and said point 
of utilization; said housing including an inlet port where 
through the medium is supplied to the chamber, a liquid 
outlet port positioned below the inlet port, and a vapor 
outlet port positioned substantially above said inlet port; 
selectively energizable means connected to said vapor 
outlet port and de?ning at least a portion of the vapor 
discharge path from said chamber, said last mentioned 
means including means normally blocking said vapor dis 
charge path; switch means mounted on said insulated 
housing and electrically connected to said selectively ener 
gizable means for controlling the energization thereof 
and the opening of said discharge path; a ?oat member 
con?ned within said housing, said ?oat member being 
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6 
supportable by cryogenic liquid but not supportable by 
cryogenic vapor; switch actuating means connected to 
said ?oat member for movement therewith and relative 
to said switch means, said switch actuating means caus 
ing the actuation of said switch means in direct response 
‘to the lowering of the level of the cryogenic liquid 
Within said chamber and the corresponding downward 
movement of said ?oat member below a preselected level, 
said actuated switch means effecting the opening of said 
vapor discharge and maintaining said discharge path in 
an open condition during the actuation thereof; and an 
elongated tubular horizontally disposed spill over shield 
having one end closed and the other end secured in sur 
rounding relation to said vapor outlet port to preclude 
the spilling over of cryogenic liquid through said port 
as vapor is discharged, said shield having an inner diam 
eter lsightly larger than said vapor outlet port and being 
positioned so that the lowermost surface of the interior 
of said shield is in spaced relation to the bottom edge 
of said outlet port, said shield being provided with at 
least one ori?ce at the uppermost surface thereof to 
accommodate the ?ow of vapor therethrough, and further 
being provided with a drain ori?ce at the lowermost sur 
face thereof so as to allow the draining of such cryogenic 
liquid as may spill over into said shield to prevent said 
liquid from entering said vapor outlet port. 
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