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CENTRIFUGAL SEPARATOR FGR CRYOGENIC 
GJWEPUKIS l‘v?i’ti'i‘tlhlii? ‘ 

SUMMARY 
In the j claimed centrifugal separator gases to and 

from the separating chamber of each separating unit 
are passed through a regenerative heat-exchanger of 
the thermo-?lament type. i ' 

Heat-exchangers of the thermo-?lament type are un 
derstood to be all those heat-exchangers in which ?la 
ments are used, made of a material with good heat 
conducting properties, to transfer the heat from the pri 
mary medium to the secondary medium. Usually, metal 
?laments are used for this purpose, e.g. copper ?la 
ments made into balls so that a kind ,of thermal sponge 
is formed, or in combination with another material with 
heat-insulating properties, such as e.g. paper, made to 
form layers which are permeable to gas, and into which 
gases have been introduced, as described in the Dutch 
patent application No. 65.14628. 

' In this way, the present invention offers the advan 
tage that no thermal insulation is needed for the con 
necting lines between the separators mutually, as the 
gas therein can be at normal ambient temperature. 
Such a heat exchanger is preferably mounted inside 

the housing, which also contains the rotatable drum, as 
in this way, a very compact design will be obtained, 
which can be applied to countercurrent separators as 
well as to concurrent separators. , 

The invention relates to a separator with rotatable‘ 
drum, installed in a vacuum-tight enclosed housing, 
while a separating space, kept at cryogenic tempera 
ture, inside this drum communicates with a connection 
for the introduction of a mixture of light gases, and with 
two pipes for the discharge of light gases, which have 
formed constituent parts of the said gas mixture. 
A similar separator is known from US. Pat. No. 

3,251,542. In the present speci?cation, cryogenic tem 
perature is understood to be a temperature between 0 
deg. and 273 deg. Kelvin. The invention relates notably 
to a separator of the indicated type, which has espe 
cially been adapted to handle light gases such as he 
lium, hydrogen, nitrogen, ?uorine, argon, oxygen, chlo 
rine, etc. 
The separating aparatus described in the said US. 

Pat. No. 3,251,542 has the drawback that the conduit 
to be ?tted between the different individual separating 
units is to be provided with a very good thermal insula 
tion. The same applies to the valves_to be installed in 
the connecting lines. Since separating systems operat 
ing in accordance with the aforesaid principle are in 
practice composed of several thousands of separating 
units,.an extensive network of tubes is needed to inter— 
connect these units to form a cascade. The thermal in 
sulation for a similar network of tubes, therefore, 
would involve considerable costs when applied in prac 
tice. 
According to the invention, the gases to and from the 

separating chamber of each separating unit are passed 
through a regenerative heat-exchanger of the thermo 
?lament type. a ‘ 

Heat-exchangers of the thermo-?lament type are un 
derstood to be, all those heat-exchangers in which ?la 
ments are used, made of a material with‘ good heat 
conducting properties, to ,transfer the heatfrorn the pri 
mary medium to, the, secondary mediumi Usually, metal 
?laments are used for. this purpose, e.g. copper fila 
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2 
ments made into balls so that a kind of thermal sponge 
is formed, or in combinationw'ith another material with 
heat-insulating properties, such as e.g. paper, made to 
form layers which are permeable to gas, and into which 
gases have been introduced, as described in the Dutch 
patent application No. 65.14628, submitted for inspec~ 
tion. ' 

In this way, the present invention offers the advan 
tage that no thermal insulation is needed for the con 
necting lines‘ between the separators mutually, as the 
gas therein can be at normal ambient temperature. 
Such as a heat exchanger is preferably mounted in~ 

side the housing, which also contains the rotatable 
drum, as in this way, a very compact design will be ob 
tained, which can be applied to countercurrent separa 
tors as well as to concurrent separators. 

If a separator of the countercurrent type is to be 
used, however, the light gas mixture to be separated 
can be introduced into the separating chamber through 
an inlet pipe passing through the heat exchanger, in 
countercurrent with the separated gas~mixture compo 
nents, before ending inside the separating space. This 
design makes it possible to fit a braking device, e.g. a 
brake disk, in the separating space in a simple way, in 
order to generate the required vortex motion of the gas. 
When dividing the heat exchanger into two parts in 

such a manner that the gas-mixture to be separated 
?ows through two parts in series on the primary side, 
while one gas-mixture component flows through one 
secondary side‘ of these two parts, and the other gas 
mixture component ?ows through another secondary 
side, the result will be that the heat exchanger unit can 
be of a long and narrow design. It is even possible to 
allow the heat exchanger to partly project into the sep 
arating space. In that case, the low temperature of this 
part of the heat exchanger can be used to obtain the re 
quired inducement of the gas vortex in a thermal man 
ner too. 

When thereupon allowing the aforesaid other gas 
mixture component to flow through the thermo 
?lament type of heat~exchange surface of a molecular 
seal, ?tted around the outside of the rotatable drum, it 
will become possible to dissipate the motorheat too. 
Wherever the present description refers to gases, these 
are understood to also include gaseous isotopes. In the 
separator embodying the inventionmtherefore, certain 
gaseous isotopes of a light gas can be separated from 
the mixture of gaseous isotopes of which a gas usually 
exists. I ’ 

A separator embodying the invention makes it eco 
nomically possible among other things, to prepare deu 
terium and tritium from hydrogen, and to separate for 
instance the isotope I-Ie3 from helium. It is also possible 
to separate helium or hydrogen from mixtures of either 
of these gases with another light gas, such as e.g. nitro 
gen. 

‘in the following drawings, some examples of con 
struction of the invention are further explained. 
The centrifugal separators shown therein conform to 

the arrangement described in Dutch Pat. No. 103,433, 
as it was published on July 16, 1962. In these 
drawings: 1 . 

FIG. l is a vertical cross-section of a separator em 
bodying the invention. 
FIG. 2 is a-vertical cross-section of a separator ac 

cording to FIG.‘ 1 with a modified construction of the 
1 top, and *1 
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FIG. 3 is a vertical cross-section of a separator ac 
cording to FIG. 1, with a different version of the lower 
part. 1 

In the drawings, 1 represents an enclosed separator 
housing having an internal space 2 in which a high vac 
uum is maintained. In the centre of the vessel, a hollow 
tubular rotor 3 is rotatably mounted, which is sup 
ported like a top by a shaft 4, journalled in a bearing 
5. Rotor 3 is held in a vertical position by an annular 
permanent magnet 6, ?tted at the top of the rotor, and 
by a ring 7 of magnetic material mounted in housing 1, 
which ring may also be a permanent magnet. The mix 
ture to be separated, e.g. a gas mixture or a gaseous iso 
tope mixture, is introduced by the ?xed pipe 8. 
One end of the rotor is open, and the separating 

space of the rotor is chie?y con?ned there by a ?xed 
circular brake disk 9, perpendicular to the axis of rota 
tion. A screw-seal 10, operating in accordance with the 
principle of I-lolweck’s molecular pump, separates the 
upper part 11 of the space inside housing 1 from space 
2. Around the brake disk 9, a number of holes or an an 
nular slot 12 is provided, through which one of the 
components of the mixture to be separated can be 
drawn off to a chamber 13, whence it is discharged at 
14. 
Near the bottom of the rotor, plate 15 with holes 16 

is mounted therein, to which the shaft 4 is ?tted. The 
lower part 17 of the rotor extending below plate 15 
‘curves towards the axis of rotation. Fixed tubes 18 ex 
tend into the annular space con?ned by the curved part 
17 and plate 15, which tubes are connected‘ to a dis 
charge pipe l9. Through this pipe, the second compo 
nent of the mixture is removed. The motor for driving 
the rotor is indicated by 20 and 21. 
An inlet pipe is shown at 27. The gas-mixture, which 

is removed through the aforesaid discharge pipe 19, 
then moves upwards through pipe 28, which is ?tted in 
the wall 29 of the vessel or housing 1. The top 30 of the 
separator housing contains a heat exchanger 31 of the 
thermo-filament type described herein before. Pipe 28 
is connected via pipe 32 to a side-connection 33 of the 
heat exchanger 31. Downstream of this connection fol 
lows a pipe which is directed downwards, after which 
a bent pipe 35 forces the ?ow of the gas-mixture com 
ponent into an upward direction again, so that it can 
?nally reach discharge 37 via pipe 36. 
The discharge conduit 38, forming the connection 

between the aforesaid chamber 13 and the discharge 
connection 14, also runs upwards through the heat ex 
changer 31. The gas mixture to be separated is intro 
duced via connection 8, in such a manner that this gas 
mixture moves downwards through pipe section 39 
through the heat exchanger. As previously stated, the 
heat-exchanging surface of heat exchanger 31 is e.g. 
built up of disks containing e.g. copper ?laments which 
may have been made up to form a gauze in each disk. 
These disks are compactly stacked around the conduits 
34, 35, 36, 38 and 39, so that in a very limited space 
an extremely intensive heat exchange can take place in 
counter-current between the gas-mixture to be sepa 
rated, which is introduced at 8, and the gas-mixture 
components, which are discharged at 14 and 37. 
FIG. 2 shows a different version, in which the ther 

mo-?lament heat exchanger has been split up into two 
parts 40 and 4.1. In each heat-exchanger section, a cen 
tral part 42 and 43 is observed, through which the gas 
mixture to be separated, introduced through connec 
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4 
tion 8, moves downwards into the direction of the inlet 
pipe 27. These sections 42 and 43 are enclosed by walls 
44 and 45, which prevent gases supplied through con 
nection 8 from penetrating into the heatexchanger sec 
tions 48 and 49, located around the said heat 
exchanger sections 42 and 43. 47 is a passage between 
the spaces enclosed by walls 44 and 45. 50 is a wall sec 
tion separating the upper space 40 from the space 41 
thereunder. 51 indicates a modi?ed design of a brake 
disk. As in FIG. 1, the ?ow of a gas-mixture component 
‘separated in the separating chamber moves upwards 
through the pipe 28, after it has been withdrawn from 
the separating chamber. 
Also because of the braking action of the ?xed brake 

disk 9, 51, a gas vortex 26 is generated and maintained 
in each of the centrifuge rotors drawn, improving the 
separating action of the centrifuge. The central intro 
duction of the mixture through pipe 8 will also favoura 
bly affect this vortex as a result of the thrust. In FIG. 
2, the curved shape of the upper part of the separating 
space of the rotor is better adapted to the form of the 
vortex 26 during operation than the ?at shape thereof 
according to FIG. 1 The operation of the separator 
shown in FIG. 2 is now as follows: 
The gas-mixture to be separated, introduced into the 

separator chamber through connection 8, passes the 
heat exchanger parts 42 and 43 on its way to the supply 
pipe 27. Of the separated components of this gas 
mixture, one component moves upwards through pipe 
28 to the heat exchanger section 48, and is heated 
again to the ambient temperature in countercurrent 
with the gas moving through section 42, after which it 
leaves the separator housing through connection 25. 
The other component of the gas-mixture is discharged 
again through passage 12, after which it ?rst of all 
reaches chamber 13. Hence, this gas-mixture compo 
nent passes ?rst of all through the heat-exchanger sec 
tion 49, from which it is withdrawn through connection 
52. Then this gas-mixture component moves down 
wards through a conduit 53, which is ?tted inside the 
wall 54 of the separator housing. 
FIG. 3 shows that this conduit 53 ends in a space 55, 

located around the rotatable drum 3. This space con 
tains a number of metal lamellae, which partly project 
through the wall 57 of space 55. The ends of these la 
mellae, which are made of a proper heat-conducting 
material, are in contact with a l-Iolweck gasket of the 
type described. It is also possible to design the lamellae 
56 inside the space 55 as a continuous helix. In the 
manner already described, the lamellae 56, insofar as 
they are located inside space 55, are provided with 
holes in a number of places if these lamellae are placed 
parallel to each other. If the lamellae are of a helical 
design, however, these holes will not be necessary. In 
any case, however, the space between the lamellae may 
further be partly filled with wire of the thermo-?lament 
type discussed hereinbefore, which may also have the 
form of a compressed metal sponge, or may be made 
into a gauze. This gauze may also have a helical form, 
in order to match the helical shape of the lamellae 56. 
These lamellae are passed through the wall 57 in such 
a manner that this passage is gastight. 

In the manner described above, a heat exchanger 58 
is provided, which further heats the gases supplied 
through conduit 53 until the ambient temperature has 
been reached, after which these gases leave the separa 
tor housing through connection 59. 



5 
A point of difference with the design shown in FIG. 

1 is that no pipes 18 are used in FIG. 3, but that the 
gases at the bottom of the rotatable drum 3 can leave 
the separating space through; openings 60 in the end 
wall thereof. After these gases have thus penetrated 
into space 61, they can reach the said pipe 28 via con 
nection 62. It will be clear that the heat transmitted in 
heat exchanger 58 to the gas-mixture component leav 
ing the separator housing at 59, may partly be derived 
from the gases moving in the separating space in accor 
dance with the flowline of gas vortex 26, as well as from 
the electric motor 20, which also produces heat. By 
providing this electric motor with its own cooling 
(which is not shown), it is possible to arbitrarily exer 
cise influence on the temperature at which the gases 
are removed at 59. I 

For when the electric motor 20-21 is strongly cooled, 
little if any heat will move from it in the direction‘of the 
heat exchanger 58, whereas if this electric motor is 
cooled somewhat less it will result in part of the heat 
from the ‘electric motor indeed reaching the heat ex 
changer 58 and subsequently the gases removed at 59. 

In this way, the heat produced by the electric finotor 
may be used for a so-called thermal vortex-drive." If one 
wishes to utilize this heat in this way, it will often be de 
sirable to instal the brake plate 51 in the bottom part 
of the ‘centrifuge, on an extended part of inlet pipe 27, 
instead of in the upper part of the centrifuge as shown 
in FIG. 2. (This is not illustrated). ln‘that case, the gas 
vortex will move in the direction opposite to the arrows‘ 
drawn in FIGS. 2 and 3. 
We claim: 
1. A separator-forseparating a mixture of gases of 

different molecular weight by centrifugal action into 
light and heavy fractions comprising: a vacuum-tight 
housing enclosing a rotary tubular drum mounted 
within said housing for rotation about a vertical axis, 
said drum containing a separating space maintained at 
cryogenic temperature; feed pipe means for feeding an 
ambient temperature gas mixture which is to be l‘sepa 
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6 
rated through‘a wall of said housing into the separating 
space, a ?rst discharge pipe means for withdrawing the 
lighter separated gas component from one end of said 
tubular drum, a second discharge pipe means for with 
drawing the heavier gas component from the other end 
of said tubular drum and regenerative heat exchanger 
means in said housing connected to said feed pipe and 
to said ?rst and second‘ discharge pipes for passing in 
coming gas mixture in countercurrent heat exchange 
relationship with separated gas components, said heat 
exchanger means including internal ?lments of good 
heat-conducting properties for transferring heat from 
the incoming gas to the separated gas components. 

2. A separator as in claim 1, wherein said heat ex 
changer means includes a gas mixture passage and two 
gas component passages arranged in parallel with re 
spect to said gas mixture passage so that the gas mix 
ture passes in heat exchange relationship with both gas 
components simultaneously. 

3. A separator as in claim 1 wherein said heat ex 
changer means includes a gas mixture passage and two 
gas component passages arranged in series with respect 
to said gas mixture passage so that the gas mixture 
passes ?rst in heat exchange relationship with one gas 
component and then in heat exchange relationship with 
the other gas component. ,1‘ _. 

4. In a gas centrifuge of the kind having ‘a vacuum 
tight housing, a rotatable drum disposed in the housing 
and de?ning a separating space which is at cryogenic 
temperature, inlet conduit means for introducing a gas 
mixture to be separated into the drum and two dis 
charge conduit means for discharging separated gas 
components from the drum, the improvement which 
comprises regenerative heat exchange means for pass- ’ 
ing gas mixture ?owing in said inlet conduit means in 
heat exchange relationship. with gas components ?ow 
ing in said discharge conduit means whereby heat is re 
moved from the gas mixture and is added to the gas 
components. 


