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The present invention relates ,to pumps for cryogenic 
liquids. The trend toward higher pressures in cryogenic 
phases of missile 'work establishes a need for a simpli 
?ed relatively trouble-free pump with the capability of 
producing extreme pressures. The principal object of the 
invention is to satisify that requirement. 
The invention provides a bellows pump suitable for 

cryogenic ‘application, the bellows pump having the ad 
vantage of eliminating the necessity of packings, piston 
rings, and precision ?ts. _ . 

Another object of the invention is to provide a multi 
stage bellows pump for cryogenic applications, character 
ized ‘by extremely high presure capabilities. 
For a better understanding of the invention, together 

with further objects, advantages- and capabilities thereof, 
reference is made to the following description of the 
accompanying drawings. 

In the drawings: 
FIG. 1 is a sectional and schematic view taken along 

the longitudinal axis of a preferred embodiment of bel 
lows pump apparatus in accordance with the invention; 
FIG. 2 is an enlarged sectional view of an alternative 

form of driven end of the FIG. 1 bellows pump; 
FIG. 3 is a schematic view, partly in section, of a 

two-stage pump apparatus in accordance with the inven 
tion; 

FIG. 4 is a front view, partly in section, showing a 
commercial embodiment of the invention schematically 
illustrated in FIG. 1; and 
FIG. 5 is a sectional view of the FIG. 4 apparatus as 

taken along line 5-—5 of FIG. 4 and looking in the di 
rection of the arrows. 

In FIG. 1 there is shown a dewar or storage container 
for cryogenic liquids comprising an outer metallic jacket 
10 and an inner metallic liquid storage vessel 11, the 
latter being spaced from the jacket by an evacuated 
chamber 12. Within the storage container there is 
mounted a bellows pump, comprising a metallic bel 
lows 13, a stationary end 14, and a driven end 15. The 
liquid to be pumped is introduced into the bellows from 
a supply line 16. Interposed between line 16 and intake 
valve 17 of the pump is a heat exchanger 18. There is 
also provided an outlet or exhaust valve 9. The valves 
17 and 9 correspond to valves 11 and 13, respectively, 
of U.S. Patent No. 1,341,669 to Porter, or valves 24 and 
23, respectively, of US. Patent No. 1,836,344 to Stokes. 
These valves are well-known prior art components of 
a bellows pump. Both valves 17 and 9 are immersed in 
the stored liquid. This heat exchanger is also immersed 
in the liquid contained in vessel 11 (i.e. “stored liqui ”) 
so that the liquid to be pumped (i.e. “pumped liquid”) 
is sub-cooled as it passes through the heat exchanger 18. 
The stored liquid (indicated by the dashed lines in FIG. 
1) is maintained at a predetermined level, such as 8, and 
at a pressure lower than the pressure of the liquid in the 
intake line 16. The level of the stored liquid is main 
tained by valving from a liquid delivery line 30, which 
branches out from supply line 16. Inserted in line 30 
is a liquid level control valve 31. The cryogenic liquid 
in the storage container is maintained (as by controlled 
venting) at a lower temperature than that in the intake 
line. The ?ow of heat from Within the bellows 13 to 

‘ the liquid in the storage vessel 11 prevents the forma l 
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tion of gas within the bellows. 
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The driven end 15 of the bellows pump is actuated 

by a driving rod 19, which projects through an aperture in 
the dewar, this aperture being sealed by a bellows 20, 
or other suitable seal or seals. Heat transfer between 
the bellows and the liquid in the dewar is optionally in 
creased by making one (or both) of the bellows end 
?ttings in the form of a hollow piston, as illustrated at 
15' in FIG. 2, thus increasing the heat transfer surface 
and reducing the volume of liquid in the bellows. 
Thus the invention provides a bellows pump which 

pumps cryogenic liquids in such a way that the liquid 
in the bellows is always at a temperature below its boil 
ing point at the pressures within the bellows. The bel 
lows is here used as a reciprocating pump for cryogenic 
?uids at high pressure, both the bellows and its valves 
being immersed in a stored cryogenic ?uid which is main 
tained at a lower pressure than that of the liquid supplied 
to the pump. Since the intake liquid passes through a 
heat exchanger coil immersed in the same ?uid as the 
bellows, the liquid to be pumped is cooled below its 
boiling point so that there is removed from the bellows 
and contents su?icient of the heat generated by pump 
ing to prevent the formation of gas within the bellows. 
FIGS. 4 and 5 illustrate a practical embodiment of 

the invention schematically illustrated in FIGS. 1 and 
2. Common reference numerals are used for these ?g 
ures so that common elements are not further described. 
In FIG. 4 the driving rod 19 extends through bellows 
seal 20 and guide 23 to a suitable reciprocating driving 
engine 24. The pump is positioned by any suitable 
means. For example, the ?xed end 14 of the pump is 
positioned by support rods 25, 26 and 27 extending 
through and secured in apertures formed in a triangular 
supporting member 28. This member 28 is secured to 
the ?xed end 14. The rods 25, 26 and 27 also extend 
through siutable apertures in the inner and outer jacket 
and into the housing of the engine 24. 
The invention also provides a multi-stage pump in 

which the outlet of one stage discharges into the dewar 
of the next stage. Such an arrangement is illustrated 
in FIG. 3, wherein the discharge 7 of the ?rst stage is 
into the storage space 31' of the second stage. The sec 
ond stage discharge is shown at 7' and the second stage 
inlet and outlet valves for the bellows pump at 17' and 9'. 
Each of these stages consists of a bellows pump and 
valves, immersed in a dewar as described above, and 
each stage is separately driven. With the use of this 
arrangement pressure higher than the maximum inter 
nal pressure for which a pumping bellows can be de 
signed can be achieved and a large number of stages 
can be coupled in this sequence, to build up great pres 
sures. The net internal pressure to which the second 
stage bellows of FIG. 3 is subjected is only that by which 
the absolute pressure of the liquid is raised in that stage. 
It will be understood that in the second stage the intake 
liquid to the bellows is the same liquid as is stored 
within the dewar, intake line 17’ communicating with 
storage space 31'. ' 

Referring again to FIG. 2, the external diameter of 
piston 15’ may be made sufficiently large to restrain the 
bellows 13 against substantial buckling or distortion in 
a direction transverse to its axis. Or this function may 
be performed in the FIG. 4 embodiment by locating the 
rods 25, 26 and 27 close to the bellows so that they 
can restrain the bellows, position the ?xed end 14 and 
guide the driven end 15. 

While there has been shown and described what is at 
present believed to be the preferred embodiment of the 
present invention, it will be understood by those skilled 
in the art that various changes and modi?cations may be 
made therein without departing from the proper scope of 
the invention as de?ned in the appended claims. 
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I claim: 
A multistage apparatus for the pumping of cryogenic 

liquid comprising: 
a plurality of double-walled vacuum-insulated con 

tainers, each having an interior storage compart 
ment, said containers being designated ?rst, second, 
and so forth; 

a like plurality of bellows-type pumps designated ?rst, 
second, and so forth, and de?ning stages of succes 
sively ‘higher pressures, the pumps being individually 
immersed in the containers; 

a liquid intake line for the ?rst pump, said line having 
a branch for supplying immersion liquid to the stor 
age compartment of the ?rst container; 

liquid intake lines for the second and succeeding 
pumps, each intake line being in communication 
with the corresponding interior storage compart 
ment; 

a heat exchanger immersed in the liquid of the ?rst 
compartment for sub-cooling liquid applied to the 
?rstpump; 

liquid outlet lines for each pump, each of the outlet 
lines except the last projecting into the interior 
storage compartment of the next stage; 

each of said pumps comprising the following ele 
ments: 

10 

15 

20 

4 
a piston having an actuating rod projecting outwardly 

through the corresponding container; 
a stationary end member; 
a bellows between said piston and said end member; 
another bellows between said rod and the outer wall 

of the corresponding container; and 
means for mounting the stationary end member in ?xed 

position. 
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