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to receive the following Succession of elements: 
a metallic packing retainer 7, a Soft packing 8, 
a retainer 9, a graphite spacer bushing fo and a 
lantern ring fl. At the discharge end of the 
pump body, the bore is Smaller to form a pump 
cylinder 2. At about the location of the lantern 
ring, a rigid disc 3 of hard, heat insulating ma 
terial Such as Bakelite is positioned on the pump 
body by lock nuts 4 and 5. Near the discharge 
end of the pump body 6, the pump body is reduced 
in diameter to form a shoulder 6. A further step 
f is provided to a still Smaller diameter which is 
constant throughout the length of the enlarged 
bore to the lock nut 5. At this point, the diam 
eter is again reduced slightly to form a second 
shoulder 8, against which the lock nut 5 is 
in contact. A jacket tube 9 is provided sur 
rounding the pump body throughout its length of 
constant diameter which rests against shoulder 
6 at the discharge end of the pump body and fits 

into an annular groove 20 provided in the lock 
nut 5. In this manner, the jacket tube 9 is 
radially spaced from the pump body to include an 
enclosed space 2 between the jacket tube and 
the pump body closed at one end by the shoulder 
6 and at the other end by lock nut 5. A helical 

coil 22 or any shaped conduit having an extended 
surface is placed Within the space 2, entering 
the jacket tube at 23 and leaving at 24. The 
jacket tube 9 is also provided with an inlet 25 
and an exit 26 to permit the passage of a fluid 
through the Space 2 i around the coil 22. A stor 
age vessel is shown at 27 with an inlet conduit 
28 controlled by valve 29 and an outlet conduit 30. 
The outlet conduit is divided at 3 into a conduit 
32, which leads to the inlet 23 to the coil 22, and 
a second conduit 33 controlled by valve 34, which 
leads to an expansion valve 35 and to the inlet 
25 to the Space 2 between the jacket tube and the 
pump cylinder. Conduit 36 leads from the coil 
outlet 24 to the intake valve 37 in the pump 
cylinder. The discharge valve 38 in the pump 
cylinder is connected to conduit 39 leading to a 
vaporizer 40 and thence to storage cylinders 4. 
The valve arrangements illustrated are such as 
Would be suitable in a pump horizontally disposed, 
and WOuld be somewhat modified if a vertical 
arrangement is preferred. 
The operation of the arrangement described in 

Fig. 1 is as follows: a liquid to be pumped, stored 
in container 27 is withdrawn through conduit 30 
and is divided at 3 into two streams. The major 
portion of the withdrawn liquid is passed through 
conduit 32 into inlet 23 to the helical coil 22. A 
Small portion of the liquid withdrawn from the 
container 27 is diverted at 3 through conduit 33 
and valve 34 to the expansion valve 35 where it 
is expanded to approximately atmospheric pres 
sure. The resultant refrigeration produced is 
used to subcool the main stream of the liquid 
before it is pumped, and at the same time to 
cool the liquid during the pumping step by heat 
exchange through the pump cylinder. This ex 
panded stream passes into the space 2 through 
the inlet 25 and thence passes in heat exchange 
relation with both the liquid flowing through the 
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coil 22 and the liquid being pumped in the pump . 
cylinder f2. The helical coil 22 acts as a baffle 
to the flow of the cooling fluid and causes it to 
follow a helical path through the space 2. The 
expanded fluid leaves the space 2 through outlet 
26, whence it may be recompressed and returned 
to the storage tank, recycled, or returned to the 
fractionating column. The main stream of liquid 
passing through coll 22 passes out through exit 24 
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4. 
and conduit 36 to the intake valve 3. The intake 
and discharge valves are situated at the same end 
of the cylinder so that the movements of liquid 
within the cylinder during the two pumping 
strokes are in the same directions as the move 
ments of the plunger. While in the pump cylin 
der, the liquid being pumped is again cooled by 
heat exchange with the expanded fluid through 
the pump body 6 from the space 2. Upon move 
ment of the plunger 5 to the right, the liquid is 
forced under pressure through the discharge valve 
38 and conduit 39 to a vaporizer 40. The liquid 
stream is vaporized in the vaporizer 40 by heat 
exchange with a warmer fluid entering at 42 and 
leaving at 43. The vapors so produced may then 
be stored in the cylinders 4 f. 
As a specific example, consider the liquid stored 

in the container 27 to be oxygen. It is main 
tained under a pressure of approximately 1.7 
atmospheres and a temperature of about 95.5 K. 
The portion of the oxygen passed through the 
conduit 33 is expanded in the expansion valve 35 
to atmospheric pressure, thus being cooled to a 
temperature of 90.2 K. when entering the space 
2. The liquid oxygen to be pumped on leaving 
the coil 22 has been Subcooled to a temperature 
of about 91 K. by heat exchange with the ex 
panded fluid, at which temperature it is pumped 
in the pump cylinder. 
The System shown in Fig. 2 shows a typical 

double stage fractionating column 44, which may 
be used for fractionating a mixture of difficultly 
liquefiable gases. The system will be described 
for the fractionation of air, although it would be 
equally effective for other mixtures, 

Double fractionating column 44 comprises the 
usual high pressure section 45 with a plurality 
of bubble plates 46 arranged therein, and a low 
pressure Section 47 containing a plurality of 
bubble plates 48. The liquid air to be frac 
tionated enters the high pressure section through 
pipe 49. The air is separated in this section into 
crude oxygen which collects in a pool 50 at the 
bottom of the column, and crude nitrogen which 
collectS in pool 5 at the top of this section 
after being condensed in a condenser 52 by 
heat interchange with the boiling pure oxygen 
product collecting in pool 53 around the con 
denser 52. The crude nitrogen is removed from 
the high pressure section through conduit 54, is 
passed through heat interchanger 55, expanded 
by expansion valve 56 and returned to the upper 
portion of low pressure section 47. The crude 
OXygen, in the normal operation of the frac 
tionator, is removed through pipe 5T, valve 58 
and is expanded in expansion valve 59 before 
being returned to a midportion of the low pres 
Sure Section. 

In the low pressure section, the pure oxygen 
product collects in a pool 53 at the bottom there 
of, and the nitrogen product passes out of the 
column through pipe 60, heat interchanger 55 
and conduit 6. • 

In the operation of this system as proposed by 
the present invention, the pure oxygen product 
is removed in liquid form from the low pressure 
Section through conduit 62 and valve 63 whence 
it enters the pump jacket at 23 and passes 
through coil 22 arranged in the space 2 as de 
Scribed above. In passing through this coil, it is 
Subcooled by heat interchange with another 
colder product of the fractionating column. 
After passing through coil 22, the liquid oxygen 
passes through conduit 36 into intake valve 37 
to the pump cylinder wherein it is pumped to 
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the desired pressure. It is thereafter vaporized 
in vaporizer 40 and stored in cylinders 4 as de 
Scribed heretofore. 
When the product of the column to be used 

for the cooling is crude oxygen, for example, a 
portion of the crude oxygen from the high pres 
sure Section of the column is by-passed through 
valve 64 and conduit 65, through heat inter 
changer 55, expansion valve 66, and thence 
through inlet 25 to the space 2f surrounding the 
coil 22. This expanded stream of product from 
the fractionating column in passing through the 
pump jacket accomplishes two purposes simul 
taneously; namely, Subcooling the product Oxy 
gen in coil 22 and cooling the oxygen being 
pumped in the pump cylinder. 
The crude oxygen after passing through space 

2 leaves through jacket outlet 26, through con 
duit 67 and valve 68, joins the expanded stream 
of crude oxygen flowing in conduit 57 and is re 
turned therewith into the low pressure Section 
of the fractionating column. 
I claim: 
1. Apparatus for pumping a highly volatile 

liquid and preventing the evolution of vapor dur 
ing pumping comprising a source of supply for 
the liquid to be pumped, a Source of supply of a 
cooling fluid, a pump including a pump cylinder 
and an intake for the cylinder, a spaced jacket 
Surrounding the pump to form a cooling space 
having an entrance at one end of the cooling 
Space and a discharge at the other end thereof, 
a conduit leading from the source of supply of 
the cooling fluid to the entrance to the cooling 
Space, a conduit of thermal conducting material 
arranged in the cooling space between the en 
trance and discharge ends of the cooling space, 
a connecting conduit leading from the source of 
Supply of the liquid to be pumped to the con 
duit arranged in the cooling space, and a con 
necting conduit leading from the conduit ar 
ranged in the cooling space to the cylinder intake 
of the pump. 

2. Apparatus for pumping a highly volatile 
liquid and preventing the evolution of vapor dur 
ing pumping comprising a source of supply for 
the liquid, a pump including a pump cylinder 
and an intake for the cylinder, a spaced jacket 
Surrounding the pump to form a cooling space 
having an entrance at one end of the cooling 
Space and a discharge at the other end thereof, 
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a conduit connecting the source of supply to the 
entrance to the cooling space, an expansion 
valve in the last claimed conduit, a conduit of 
thermal conducting material arranged in the 
cooling Space between the entrance and dis 
charge ends of the cooling space, a conduit con 
necting the source of supply to the conduit ar 
ranged in the cooling space, and a conduit con 
necting the conduit arranged in the cooling space 
to the cylinder intake of the pump. 

... 3. Apparatus for making and pumping a liq 
uefied gas comprising an air fractionating col 
lumn, a withdrawal conduit therefrom for a 

5 
stream of pure liquid product, a withdrawal con 
duit therefrom for a stream of second product, 
a pump including a pump cylinder having an in 
take, a spaced jacket surrounding the pump cyl 
inder to form a cooling passageway between the 
jacket and the pump cylinder, a second passage 

20 Way in and in heat exchange relation with the 
space between the jacket and the pump cylin 
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der, a connection from the pure liquid with 
drawal conduit to the Second passageway, a con 
duit connecting the second passageway to the 
pump cylinder intake, a conduit connecting the 
second product withdrawal conduit with the 
cooling passageway, an expansion valve in the 
last claimed conduit, an outlet from the cooling 
passageway, and a conduit connecting the outlet 
from the cooling passageway with the air frac 
tionating column. 
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