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UNITED STATES PATENT OFFICE 
1961,202 

APPARATUS FOR, SEPARATING MIXED 
GASES BY LIQUEFACTION 

William Lane De Baufre, Lincoln, Nebr. 
Application March 17, 

11 Claims. 

This invention relates to improvements in the 
art of Separating mixed gases and is especially 
useful in the purification of helium containing 
nitrogen, oxygen and other gases having much 

6 higher boiling points than helium. 
One of the primary objects of the invention is 

to Secure helium of a higher purity than has here 
tofore been obtained by the liquefaction process. 
A further object of the invention is to improve 

the efficiency of the apparatus and thereby reduce 
the power requirements to a minimum. 
Another object of the invention is to increase 

the recovery of helium and reduce the possible 
loSS of helium to a minimum. 
Another object of the invention is to produce 

an apparatus Which can readily be put into oper 
ation and which will operate for a considerable 
period without difficulty. 
The above objects together with Such other 

advantages as may hereinafter appear or are in 
cident to the invention, are realized by the appa 
ratus which I have illustrated in a preferred form 
in the accompanying drawings, wherein: 

Fig. 1 is a front elevation of the apparatus: 
Fig. 2 is a side elevation partly in section of the apparatus; 
Fig. 3 is an elevation partly in section of the 

interchanger and liquefier; 
Fig. 4 is a plan view of the interchanger; 
Fig. 5 is a plan view of the liquefier; 
Fig. 6 is a detail view of one of the manifolds 

used in the interchanger and liquefier; 
Fig. 7 is a plan view in detail showing the 

method of reversing the positions of the helically 
coiled tubes in interchanger and liquefier; 

Fig. 8 is an elevation of Fig. 7; 
Fig. 9 is an elevation partly in cross-section of 

the purifier. . 
This patent application is supplementary t? 

40 application No. 596,289 filed March 2, 1932, 
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wherein the improved process was claimed as . 
Carried out in the herein described apparatus. 
Application No. 631,044, filed August 30, 1932, is a 
divisional application covering features shown 
but not claimed in this application. 

Referring to Fig. 1 and Fig. 2, the apparatus 
comprises an interchanger A, a liquefier B, a 
purifier C, a mist collector D, and connecting 
pipes and valves, all suspended within a casing 
E filled with heat insulating material. A con 
trol board F serves for mounting the various 
pressure gages and liquid level gages convenient 
to the handles of the control valves. An expan 
sion engine G may be provided, and the usual gas 

55 compressors, purifying towers and cylinders, etc., 

15 

50 

1932, Serial No. 599,475 
(C. 62—122) 

are required as in other processes for 
ing mixed gases by liquefaction. 
Interchanger A, as more fully shown in Fig. 

3 and Fig. 4, comprises a cylindrical shell a, a 
concentric coreb, and concentric helically coiled 

Separat 

tubes 2, 21, etc., lying between shell a and core 
b and extending between radial manifolds 1, 3, 
etc., projecting through shell a. Tubes 40 are 
larger in diameter than tubes 2 and 21 for rea 
Sons Stated later. A head c, shown in Fig. 2 but 
not in Fig. 3, is bolted to the upper end of inter 
changer A, while to the lower end is bolted lique 
fier B. Interchanger A is suspended by bolts d. 
from casing E. 

Liquefier B, as shown in Fig. 3 and Fig. 5, 
comprises a cylindrical shell e, a concentric core 
f, and concentric helically coiled tubes 6, 17, etc., 
lying between shell e and core f and extending 
between radial manifolds 5, 16, etc., projecting 
through shelle. Tubes 45 are larger in diameter 
than tubes 6 and 17. A head g shown in Fig. 2 
but not in Fig. 3, is bolted to the lower end of 
liquefier B. 

Purifier C is suspended by bolts h from liquefier 
B, See Fig. 2. As shown more in detail in Fig. 9, 
purifier C consists of a cylindrical shell i closed at 
the lower end and having a head i on the upper 
end. A flask 14 is suspended in head, or cover, i 
and a partition 37 attached to cover i divides the 
Space between flask 14 and shell i into an inner 
and an Outer compartment. Helically coiled 
tubes 10 in the outer compartment extend be 
tween manifolds 9 and 11. 
The casing E, Fig. 1 and Fig. 2, is made up of 

a structural steel framework of sufficient strength 
to Support the weights of interchanger A, lique 
fier B, purifier C and mist collector D, all these 
being hung by bolts d. To the framework are 
fastened steel sheets, and the space between the 
steel sheets and the pieces of equipment Suspended 
within is filled with a heat insulating material, 
Such as rock Wool. 
The impure helium to be purified is first com 

pressed to a pressure from 1500 to 3000 lb. per 
sq. in., dried and all traces of carbon dioxide re 
moved in apparat US not shown in the drawings. 
The compressed impure helium is then introduced 
into manifold 1, Fig. 1, Fig. 3 and Fig. 4. From 
manifold 1, the compressed impure helium enters 
a number of Small tubes 2 and flows therein down 
through interchanger A to manifold 3. Flowing 
thence through pipe 4, the impure helium, cooled 
to about 165 Kelvin, enters manifold 5 of liquefier 
B. From manifold 5, the impure helium enters a 
number of small tubes 6 and flows down through 
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1,961,202 
of compressed and dried helium at 1500 to 3000 
lb. per sq. in. Although a lower rate of heat 
transfer occurs with tubes of larger diameter, it 
is desirable to use the larger diameter tubes for 
the gas of lower pressure in order to reduce any 
difficulties With moisture and ice. Another ad 
Vantage of minor importance is the lower pres 
sure drop with gas flow through larger diameter 
tubes, which becomes of greater importance the 
lower the gas pressure. 

Liquefier B is of similar construction to that 
of interchanger A. Being of substantially the 
same diameter, these two parts of the apparatus 
can be bolted together to form one unit. Lique 
fier B is thus a continuation of interchanger A, 
and under certain conditions liquefier B can be 
built as one piece of equipment with interchanger 
A. With the manifolds for the helically coiled 
tubes projecting through the shells of inter 
changer A and liquefier B, these latter can be 
readily connected together, their heads attached 
thereto and piping connections readily made to 
these manifolds. 
By reversing as shown in Fig. 7 and Fig. 8, the 

positions of the helically coiled tubes in inter 
changer A and liquefier B, so that the innermost 
tube becomes the outermost tube, the outermost 
tube becomes the innermost tube, and interme 
diate tubes are similarly interchanged, it be 
comes possible to make all tubes in any one 
radial row of substantially the same length be 
tween manifold. Consequently, the resistance to 
flow of fluid will be substantially the same through 
all tubes and the fluid flowing through any 
group of tubes will be equally divided among 
all tubes of the group. Also, the Outside Surface 
Of each tube Will be subjected to the flow of an 
equal quantity of flowing fluid. It therefore foll 
lows that heat-transfer for all tubes will occur 
between the Same quantities of fluids flowing 
Within and without the tubes. She interchanger 
or liquefier as a whole will therefore be much 
more effective than if no reversals in tube po 

In order to be most effective, 
an odd number of reversals, such as one, three, 
five, etc., should be employed, and these reversals 
should be made at equal intervals along the in 
terchanger or liquefier. Without these reversals 
in tube positions, much more fluid would flow 
through the innermost tube than through the 
outermost tube. Also, the outside of the outer 
most tube would be subjected to much more 
fluid than the innermost tube. Consequently, 
the conditions for heat transfer would be very 
unequal with low efficiency for the unit as a 
whole. 
The cores b and f are used in interchanger A 

and liquefier B respectively because it is not 
advisable to coil the tubes therein to a very small 
radius by reason of flattening the tubes if this 
is attempted. The cores fill the cylindrical spaces 
left within the coils of minimum permissible 
radius. If cores were not provided, most of the 
fluid returning within the shells would flow 
through these cylindrical spaces. The cores 
force the returning fluid to flow over the coils 
in intimate contact therewith. 
The tubes in each radial row are closely spaced 

between the shell and the core in order to ob 
tain a high rate of heat transfer through the 
tube wall. Where the tubes of one radial row 
enter a manifold, they are arranged in two stag 
gered rows as shown in Fig. 6 in order to permit 
a manifold of reasonable thickness to be used. 
The tubes from two-radial rows enter the mani 

terial, such as rock wool. 

3 
fold in Fig. 6, which represents a manifold as 
used for the high pressure helium. The Single 
rows of larger diameter tubes used for the Com 
pressed air are similarly arranged in two Stag 
gered rows where they enter the manifolds. 
The suspension of purifier C from liquefier B 

enables interchanger A, liquefier B and purifier 
C all to be suspended within casing E. By mak 

80 

ing interchanger A, liquefier B and purifier C of 
substantially the same outside diameter, casing 
E can be of simple construction and ample heat 
insulation can be provided by filling the Space 
between the casing and the interchanger, lique 
fier and purifier with some good insulating ma 

Also, with this ar 
rangement, the piping connections are compara 
tively simple and most of the pipes extending 
through the casing connect to the upper end of 
the interchanger where there is practically no 
relative motion between casing E and the points 
to which the pipes are attached within the casing. 
The arrangement of purifier C as shown was 

adopted in order to reach the lowest possible 
temperature and to cool the impure helium as 
nearly as possible to that temperature. In order 
to reach the lowest possible temperature, it is 
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necessary to protect from heat leak, the impuri 
ties throttled from the flask in which separation 
has occurred. Otherwise, such heat leak Would 
vaporize some of the impurities and thereby in 
crease the partial pressure of the vapor of these 
impurities above the remaining liquefied impuri 
ties. As the temperature of the remaining lique 
fied impurities corresponds to the partial vapor 
pressure of these impurities, any heat leak would 
thus raise the lowest possible temperature. 
Such heat leak is minimized in the apparatus 
shown by surrounding the compartment in 
which the absorbed helium is released and Some 
of the liquid impurities are vaporized by 
throttling, with another compartment at nearly 
the same temperature. Constructionally, these 
inner and outer compartments are provided by 
means of partition 37 suspended from the cover 
i of purifier C. 

Coils 10 are placed in the outer compartment 
of purifier C and so connected that the impure 
helium flows down through these coils. As the 
helium approaches the lowermost coils, it comes 
into indirect contact with the liquid impurities 
cooled to the lowest possible temperature within 
the inner compartment. Consequently, the im 
pure helium is cooled to a temperature closely ap 
proaching the lowest possible temperature. The 
purity reached by the helium is determined by 
the temperature to which it is thus cooled and 
to the effectiveness of separation of the liquefied 
impurities from the helium remaining as a gas. 
The location of the lower end of flask 14 within 

the compartment into which the liquefied im 
purities are throttled, maintains the lower end 
of flask 14 at the lowest temperature in the sys 
tem. There is therefore no tendency for the 
liquefied impurities within flask. 14 to vaporize 
and thus reduce the purity of the helium gas 
from which they had previously been separated. 
Such vaporization, not only adds these vapors 
to the purified helium but also tends to add 
thereto some mist of the liquefied impurities 
produced by boiling of the liquefied impurities. 
While the vaporized impurities separated from 

the helium can be returned separately through 
coils in liquefier B and interchanger A, it is of 
advantage to commingle these impurities with 
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pressure, a purifier for further cooling said com 
pressed gas by liquefied impurities separated 
therefrom and for separating said impurities, 
means for reducing the pressure of said com 
pressed gaseous refrigerant, and piping between 
Said means and said liquefier, between said lique 
fier and said purifier .and between said inter 
changer and Said liquefier for conveying gas and 
impurities and refrigerant. 

5. In an apparatus for separating mixed gases 
by liquefaction, an interchanger comprising a 
shell, a core, radial manifolds projecting through 
said shell, and helically coiled tubes lying in 
radial rows between said shell and said core and 
extending between said radial manifolds, the 
coiled tubes in one radial row being staggered 
where they enter the radial manifold. 
; 6. In an apparatus for separating mixed gases 
by liquefaction wherein high and low pressure 
fluids are in heat interchange with another fluid, 
an interchanger comprising a shell, a core, high 
pressure manifolds projecting through said shell 
for conveying the high pressure fluid, low pressure 
manifolds projecting through said shell for con 
veying the low pressure fluid, coiled tubes of small 
diameter lying between the shell and the core 
and extending between the high pressure mani 
folds, and coiled tubes of larger diameter lying 
between the shell and the core and extending 
between the low pressure manifolds. 

7. In an apparatus for separating mixed gases 
by liquefaction, an interchanger comprising a 
shell, a core, and helically coiled tubes lying be 
tween said shell and said core and extending 
between manifolds, the said helically coiled tubes 
being reversed in radial position at intervals in 
the length of the interchanger so as to make all 
tubes of substantially the same length. 

8. In an apparatus for separating impurities 
by selective liquefaction from a gas having a 
much lower boiling point than that of any of the 
said impurities, a vessel in which the liquefied 
impurities are separated from the gas, a com 
partment wherein the liquefied impurities throt 
tled from the said vessel are subjected to the 
pressure of the absorbed gas released and the 

5 
liquid impurities evaporated by throttling, and 
a Second compartment wherein the remaining 
liquid impurities are warmed and evaporated by 
heat transfer from the said gas in cooling the 
gas nearly to the temperature of the liquefied 
impurities after throttling. 

9. In an apparatus for separating impurities 
by selective liquefaction from a gas having a 
much lower boiling point than that of any of the 
said impurities, a vessel in which the liquefied 
impurities are separated from the gas, a com 
partment surrounding said vessel wherein the 
liquefied impurities throttled from the said ves 
sel are subjected to the pressure of the absorbed 
gas released and the liquid impurities evaporated 
by throttling, and a second compartment where 
in the remaining liquid impurities are warmed 
and evaporated by heat transfer from a fluid to 
be cooled. 

10. In an apparatus for separating impurities 
by Selective liquefaction from a gas having a 
much lower boiling point than that of any of the 
said impurities, a vessel in Which the liquefied 
impurities are separated from the gas, a com 
partment wherein the liquefied impurities throt 
tled from the said vessel are subjected to the 
pressure of the absorbed gas released and the 
liquid impurities evaporated by throttling, a sec 
ond compartment Surrounding the before men 
toned compartment. Wherein the remaining liq 
uid impurities are Warmed and evaporated by 
heat transfer from a fluid to be cooled. 

11. In an apparatus for separating impurities 
by selective liquefaction from a gas having a 
much lower boiling point than that of any of the 
said impurities, a purifier comprising a shell and 
a cover, a flask suspended in said cover wherein 
the liquefied impurities are separated from the 
gas, a partition attached to said cover and divid 
ing the space between the said flask and the said 
shel into two compartments, tubes in the outer 
compartment for conveying the gas containing 
the impurities and means for throttling the lique 
fied impurities from the Said flask into the inner 
compartment. 

WILLIAM IANE DE BAUFRE. 
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