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Patented Mar. 24, 1953 2,632,302 

UNITED STATES PATENT OFFICE 
2,632,302 

WOLATHLE LIQUED PUMPING 
Arthur E. Steele, McKeesport, Pa., assignor to 

Air Products, incorporated, a corporation of 
Richigara 

Application June 29, 1949, Serial No. 102,040 
(Ch. 62-) Claims. 

This invention relates to the pumping of 
liquefied gases or volatile liquids, as for example 
liquid oxygen, liquid nitrogen, liquefied petro 
leum gases, natural gasoline, or any like nor 
mally gaseous product in the liquid condition 
Or any liquid volatile under the pumping con 
ditions. 

In the production, storage and use of certain 
liquids having low boiling points at atmospheric 
preSSure, it is often highly economical and de 
sirable to transfer them from one point to an 
other in the liquid rather than in the gaseous 
condition. 

For example, it is now common practice to 
store liquefied petroleum gases in large quantities, 
at or near atmospheric pressure, in heavily in 
Sulated tanks. Such liquefied gases have, on 
Occasion, to be transferred at a controlled rate 
to a vaporizer wherein they are vaporized and 
Superheated, under pressure, to a temperature 
suitable for delivery into a distribution system. 
The use of the present invention is a simple and 
convenient means for effecting such transfer. 

It is also common practice to store oxygen, 
nitrogen and other so-called permanent gases in 
the liquefied form, to transport the liquid through 
pipe lines, and to bring it back to the gaseous 
condition at the point at which it is to be used 
or placed in pressure cylinders for final distribu 
tion. In such cases, the stored liquefied gas is 
usually at slightly above atmospheric pressure 
while the conditions of gas phase storage or dis 
tribution may require that the gasified liquid 
be at a relatively high pressure, often up to or 
over 2500 pounds per square inch. In such Serv 
ice, it is extremely desirable to apply the finally 
required pressure to the liquid rather than to a 
gaseous stream, as both the cost of power and 
the weight of apparatus required in the former 
case are small fractions of the corresponding 
figures in the latter. 

In pumping liquids which at normal atmos 
pheric pressure boil at temperatures ranging 
from zero degrees to 190° below centigrade zero, 
great difficulty is eXperienced in keeping a pump 
in operation. At the lower temperatures, the 
heat head between the atmosphere and the liquid 
stream is so great that even the best of insula 
tion becomes relatively ineffective. In conse 
quence, Some atmospheric heat leaks into the 
liquid on the suction side of the pump and, as 
the liquid is usually just at its boiling point, any 
input of heat causes the evolution of gas, which 
has its usual effect of reducing the effective 
stroke length and finally of locking the pump. 
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Even with the higher boiling liquids in this class, 
When pumping against considerable back pres 
Sure, the liquid is heated somewhat by the very 
act of increasing its pressure, and any such liquid 
leaking back past the discharge valve into the 
pump cylinder may partially vaporize under 
intake stroke conditions, contributing to vapor 
lock. 
In all cases the actuating end of the pump, 

the end to which power is applied, is almost 
neceSSarily in contact with the atmosphere and 
at a temperature much higher than that of the 
liquefied gas, the metallic structure of the pump 
thus transmitting atmospheric heat to the stream 
being pumped. Additionally, because of the in 
pOSSibility of lubricating the plunger packing 
adequately, more or less heat is produced by 
rod friction and added to the atmospheric heat 
tending to raise the temperature of the stream 
at the Suction end of the pump. 
One remedy for these difficulties is found in 

Subcooling the liquid stream going to the pump 
to a temperature below its boiling point at the 
pressure existing in the pump cylinder during 
the Suction stroke, as described and claimed in 
copending applications Serial No. 488,650, filed 
May 27, 1943, now Patent No. 2,480,093, August 
23, 1949, and Serial No. 605,407, filed July 16, 
1945, now Patent No. 2,480,094, August 23, 1949, 
Of Carl R. AnderSon. 
This invention has as an important object the 

provision of an improved combination of steps 
and apparatus whereby a highly volatile liquid 
may be economically pumped to a pressure of 
Several hundred atmospheres Without gas lock 
ing the pump. 
A further important object of the present in 

vention is the provision of method and apparatus 
for subcooling a stream of volatile liquid to be 
pumped by heat exchange with a portion of the 
stream which has been previously expanded, to 
gether with economical recovery of the expanded 
portion. 
A still further important object of the present 

invention is to provide means for recovering the 
expanded portion and returning it to the sys 
ten in liquid form. 
These and other objects which will appear 

hereinafter are accomplished by the present in 
vention which provides method and apparatus by 
Subcooling a volatile liquid by diverting a Staali 
portion of Such liquid, expanding the portion and 
passing the expanded liquid into heat exchange 
relation with the remainder of the stream, there 
after compressing the small portion and lique 
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fying the same by passing it in heat exchange 
relation with the subcooled liquid stream which 
has been pumped to a high pressure, and finally 
returning the thus liquefied small portion to the 
system. 

For a fuller understanding of the nature and 
objects of the invention, reference should be had 
to the following detailed description taken in con 
nection with the accompanying drawings, in 
Which: 

Figure 1 is a diagrammatic view of the inven 
tion wherein the reliquefied portion is reduced in 
pressure before it is recycled to the storage tank 
Withdrawal conduit. 

Figure 2 is a diagrammatic view of a modifica 
tion of the invention wherein the reliquefied por 
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tion may be injected directly into the storage . 
tank withdrawal conduit. 

Figure 3 is a diagrammatic view of a further 
modification wherein the diverted stream is main 
tained as a separate cycle. - 

Figure 4 is a diagrammatic view of a further 
modification including pump cooling. 
As shown in Figure 1, the volatile liquid to be 

pumped is stored in a storage vessel 9. The 
storage vessel is provided with an inlet conduit 
! and a withdrawal conduit 2. At point 3 in 
the Withdrawal conduit, it is divided into two 
conduits 4 and 5, each leading to separate pas 
SageWays in a two-passageway interchanger or 
subcooler 16. Conduit 4 is provided with a con 
trol valve . Conduit is is provided with an ex 
pansion valve 8 and a control waive 9. The 
liquid flowing through conduit A leaves the sub 
cooler 6 at its opposite end through conduit; 2 
which leads to the intake valve 2 of a pump 22. 
The motor which actuates the pump plunger is 
shown at 23. The pump may be a single acting 
plunger pump similar to that described in Patent 
No. 2,439,957 to Carl R. Anderson, dated April 20, 
i948, and Operates in a similar manner. The 
pump is provided with a discharge valve 2A con 
nected to conduit 25 leading to one passageway 
through a liquefier 26 which is connected at the 
opposite end to a conduit 2. Conduit 2 may, if 
desired, be connected to a vaporizer and to stor 
age cylinders for storing the high pressure gas 
at atmospheric temperature. 
A second passageway through the subcooler 6 

is connected at its entrance end to conduit 5 and 
at its exit end to conduit 23 leading to a gas blow 
er 29. Conduit 38 connects the exhaust of the 
blower 29 with the entrance end of a second pas 
sageway through the liquefier 26, conduit 3 being 
connected to the exit end of this second passage 
Way. Conduit 3f leads to a conventional dia 
phragm controlled pressure reducer 32 and thence 
to conduit 33 which joins with the liquid with 
drawal conduit 2 at point 34. 
The operation of the system will now be de 

scribed for pumping liquid oxygen as an example, 
although it should be noted that the invention is 
not limited to oxygen but is applicable to any 
liquefied gas or volatile liquid. In the preferred 
manner of operation, the liquid oxygen is stored 
in the container 9 at a temperature of about 95.5° 
K. and a pressure of approximately 1.7 atmos 
pheres. The liquid is withdrawn from the con 
tainer through the withdrawal conduit 2 and 
thence through conduit is and valve it to the 
subcooler 6. A small portion of the liquid stream 
ranging from 3 to 10% of the total stream with 
drawn is diverted at 3 to conduit 5 where it is 
expanded in expansion valve 8 to substantially 
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tenniperature of approximately 90° K. This small 
Strealin is then passed through the subcooler 6 
Where it is vaporized while passing in heat ex- . 
change with the main stream of warmer liquid. 
The finain Stream is thus Subcooled to a tempera 
ture of approximately 91° E., at which tempera 
ture it is pumped in the liquid oxygen pump 22 
to the desired pressure. The stream leaves the 
punip discharge valve at a temperature of about 
93 K. Since the liquid is pumped while at a 
temperatuire below the equilibrium boiling point 
temperature, cf the liquid for that pressure, the 
liquid as a result may be pumped continuously 
Without vaporization of the liquid within the 
gunp or the pump becoming gas bound. 
After passing through the Subcooler and the 

pump jacket, if desired, the gaseous portion of the 
Oxygen passes to the blower 29 where the pressure 
of the gaseous Oxygen is raised to about 5 atmos 
pheires at an approximate temperature of 155 K. 
By heat exchanging this stream of gas, with the 
high preSSure liquid oxygen from the pump in 
liquefier. 23, the stream of gas is reliquefied. The 
reliquefied strean passes from the liquefier to the 
preSSure reducing lineans 32 at a temperature of . 
94 3... aid 5 at InoSpheres pressure. The pressure 
is reduced to approximately 1.7 atmospheres in 
the pressure reducer and the stream is merged at 
34 with the Withdrawn stream leaving the con 
tainer . 
The apparatus and operation of the system 

SiioW) in Sig. 2 is similar to that previously de 
Scribed and like reference numerals indicate like 
2arts in both figures. In Fig. 2, the necessity for 
a pressure reducing eans 32 has been removed 
by having the reliquefied stream passing through 
conduit 3 conducted to an ejector device 35 by 
which the liquid under pressure is ejected direct 
ly into the liquid withdrawal conduit 2. By 
means of ejector 35, the pressure on the liquid 
assing to pump 22 is raised which has the same 

effect as Subcooling the liquid. In other words, 
the liquid is no longer at its equilibrium tempera 
ture at the higher pressure and thus may be heat 
ed. Several degrees before it will vaporize. 
The inodification of the invention shown in Fig. 

3 provides for maintaining the cooling stream in 
a Separate cycle from the liquid being pumped. 
The conduit 3i leads to conduit 36, expansion 
valve 3', control valve 38 and joins with conduit 
3 at 39. A check valve 59 is provided in con 

duit 3 upstream from point 39. 
A conduit & is shown leading from the sub 

cooler to a, cooling jacket 42 surrounding the 
pump 22. Conduit 43 connects the exit from 
the cooling jacket 42 with the blower 29. 

In Operation, the System is started by divert 
ing a small stream of the oxygen to be pumped 
through conduit 5 and expansion valve f8 to 
the Subcooler 6 and thence to the pump cool 
passes to the blower 29 wherein its pressure is 
raised to about 5 atmospheres and it then passes 
through the liquefier 26 where it is liquefied by 
heat exchange with the cold high pressure stream 
of oxygen from the pump 22. The reliquefied 
stream of oxygen is expanded in expansion valve 
37 to atmospheric pressure and is recycled to 
the Subcooler 6. This small stream of oxygen 
is thus continuously recycled in its closed system, 
undergoing the steps of being vaporized during 
the subcooling, compressed in the blower, re 
liquefied in the liquefier and expanded in the 
expansion valve. If needed, additional oxygen 

atmospheric pressure and is thereby cooled to a 15 may be added to the recycled stream by divert 
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ing at 3 some of the stream flowing to the Sub 
coole. 
The modification shown in Figure 4 includes 

the pump cooling feature of Figure 3, but the 
pump cooling Stream after compreSSion and Con 
densing is returned to the System in the Same 
manner as that of the modification of Figure 1. 
Similar parts in Figure 4 to those of Figure 3 and 
Figure i are identified by the same reference 
nunneral. 

In normal operation of all four illustrated SyS 
tems, the subcooler 6, and when used, the pump 
jacket also, is maintained with the parts to be 
cooled submerged in boiling liquid oxygen, the 
Vapors passing off from the boiling liquid going 
to the blower 29 for compression and reliquefac 
tion in the liquefier. The level of the boiling 
liquid is maintained in the subcooler, or in the 
pump jacket when used, by control of the amount 
of fluid passing through expansion valve 8. The 
diagraminatic showing in the drawings Would 
necessitate manual control, but obviously any 
suitable automatic control of this valve could be 
used, a float control being the simplest example. 

in the clains appended hereto, the term, Sub 
cooling of the main stream, is meant to include 
either the Subcooling in the Subcooler or the sub 
cooling accomplished by the purnp cooling jacket, 
or both. 

Having described my invention, what I claim 
as new and desire to secure by Letters Patent is: 

i. The method of pumping a highly volatile 
liquid and preventing the evolution of vapor 
therefrom during pumping which comprises, di 
verting a small portion of a stream of liquid to 
be pumped, expanding the Small portion to pro 
duce a refrigerating effect, passing the cold ex 
panded portion in heat exchange with the larger 
strean to Subcool the larger Stream While Vapor 
izing the Snail portion, pumping the Subcooled 
stream to a higher preSSure, compressing the Wa 
porized portion to a pressure appreciably higher 
than the pressure of the stream to be pumped, 
reliquefying the vaporized portion by heat ex 
change With the high pressure Stream, reducing 
the pressure of the reliquefied portion and return 
ing the portion to the stream of liquid to be 
purped. 

2. A System for pumping a highly volatile liquid 
and preventing the evolution of vapor therefront 
during pumping comprising, a Source of Supply 
for the liquid to be pumped, a conduit for Con 
ducting a main stream of liquid from the Source 
of Supply, a conduit for conducting a Small por 
tion of liquid from the source of supply, means 
for expanding the Small portion to produce a 
refrigerating effect, a heat exchanger having paS 
sageways therethrough in heat exchange rela 
tionship, a first passageway of which is connected 
to the conduit for the main stream and a second 
passageway of which is connected to the means 
for expanding the small portion for subcooling 
the main stream and vaporizing the cold ex 
panded portion therein, a pump connected to 
the first, passageway of the heat eXchanger for 
pumping the subcooled stream to a higher pres 
sure, compressor means connected to the Second 
passageway of the heat exchanger for compress 
ing the vaporized portion to a preSSure appre 
ciably higher than that of the source, a second 
heat exchanger having passageways therethrough 
in heat exchange relationship, a first passageway 
of which is connected to the pump discharge 
and a second passageway of which is connected 
to the compressor outlet for reliquefying the Va 
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6. 
porized compressed portion, and pressure reduc 
ing means for returning the reliquefied portion 
to the system on the high pressure side of the 
expansion means. 

3. A system for pumping a highly volatile liquid 
and preventing the evolution of vapor therefrom 
during pumping comprising, a source of Supply 
for the liquid to be pumped, a conduit for con 
ducting a main stream of liquid from the Source 
of Supply, a conduit for conducting a Srinall por 
tion of liquid from the Source of Supply, means 
for expanding the small portion to produce a re 
frigerating effect, a heat exchanger having paS 
sageways therethrough in heat exchange rela 
tionship, a first passageway of which is con 
nected to the conduit for the main stream and a 
second passageway of which is connected to the 
means for expanding the Sinall portion for Sub 
cooling the main stream and vaporizing at least 
a portion of the cold expanded stream therein, 
a pump connected to the first passageway of the 
heat exchanger for pumping the subcooled stream 
to a higher pressure, a cooling jacket surround 
ing the pump connected to the second passage 
Way of the heat exchanger for cooling the pump 
while vaporizing the balance of the cold expanded 
portion, compressor means for compressing the 
vapor leaving the cooling jacket to a pressure 
appreciably higher than that of the source, a 
second heat exchanger having passageways in 
a heat eXchange relationship, a first passageway 
of which is connected to the pump discharge and 
a second passageway of which is connected to 
the compressor outlet for reliquefying the Vapor 
ized compressed portion, and pressure reducing 
means for returning the reliquefied portion to 
the system on the high pressure side of the ex 
pansion linean.S. 

4. Apparatus for pumping a highly volatile 
liquid and preventing the evolution of vapor 
therefrom during pumping comprising, a Source 
of supply for the liquid to be pumped, a con 
duit for conducting a main stream of liquid from 
the Source of supply, a conduit for conducting a 
small portion of liquid from the source of supply, 
means for expanding the Small portion to pro 
duce a refrigerating effect, a heat exchanger 
having passageways therethrough in heat ex 
change relationship, a first passageway of which 
is connected to the conduit for the main Stream 
and a second passageway of which is connected 
to the nineans for expanding the Small portion 
for Subcooling the main stream and vaporizing 
the cold expanded portion therein, a pump con 
nected to the first passageway of the heat ex 
changer for pumping the subcooled Stream to a 
higher pressure, compressor means connected to 
the second passageway of the heat exchanger 
for compressing the vaporized portion to a pres 
Sure appreciably higher than that of the source, 
a second heat exchanger having passageways 
therethrough in heat exchange relationship, a 
first pasageway of which is connected to the 
pump discharge and a second passageway of 
which is connected to the compressor outlet for 
reliquefying the vaporized compressed portion, 
means for reducing the pressure of the relique 
fied portion, and conduit means for returning the 
portion to the main stream of liquid to be pumped. 

5. Apparatus for pumping a highly volatile 
liquid and preventing the evolution of vapor 
therefron during pumping comprising, a source 
of Supply for the liquid to be pumped, a conduit 
for conducting a main stream of liquid from the 
Source of Supply, a conduit for conducting a 
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small portion of liquid from the source of Supply, 
means for expanding the Small portion to pro 
duce a refrigerating effect, a heat exchanger haW 
ing passageways therethrough in heat exchange 
relationship, a first passageway of which is con 
nected to the conduit for the main Stream and 
a second passageway of which is connected to 
the means for expanding the Small portion for 
Subcooling the main stream and Vaporizing at 
least a portion of the cold expanded stream 
therein, a pump connected to the first passage 
Way of the heat exchanger for pumping the Sub 
cooled stream to a higher pressure, a cooling 
jacket surrounding the pump connected to the 
Second passageway of the heat exchanger for 
cooling the pump while vaporizing the balance of 
the cold expanded portion, compressor means for 
compressing the vapor leaving the cooling jacket 
to a pressure appreciably higher than that of the 
Source, a Second heat eXchanger having paSSage 
Ways therethrough in heat eXchange relation 
ship, a first passageway of which is connected 
to the pump discharge and a second passageway 
of Which is connected to the compressor outlet 
for reliquefying the vaporized compressed por 
tion, neains for reducing the pressure of the 
seliquefied portion, and conduit means for re 
turning the portion to the main stream of liquid 
to be pumped. . . 

6. Apparatus for pumping a highly volatile 
liquid and preventing the evolution of vapor 
therefrom during pumping comprising, a storage 
container for the liquid, a heat interchanger hav 
ing two passageways therethrough for subcooling 
the liquid to be pinped, conduit reans connect 
ing the storage container and one passageway 
of the interchanger, Second conduit means con 
necting the storage container and the second 
passageway - of the interchanger, an expansion 
Valve in the Second conduit means, a pump 
including an inlet and a discharge, means con 
necting the first passageway of the heat inter 
changer and the inlet to the pump, a second heat 
interchanger having two passageways there 
through for reliquefying the fuid used for Sub 
cooling, means connecting the discharge from 
the puinp and one passageway of the Second heat 
interchanger, a coin pressing means including an 
inlet and a discharge, means connecting the sec 
ond passageway of the first heat interchanger 
and the inlet to the compireSSing means, means 
connecting the discharge from the compressing 
means and the second passageway of the second 
heat interchanger, a pressure reducing means, 
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means connecting the second passageway of the 
Second heat interchanger and the pressure re 
ducing means, and means for connecting the 
pressure reducing means to the first mentioned 
conduit connecting the storage container and the 
one passageway of the first interchanger. 

7. Apparatus for pumping a highly volatile 
liquid and preventing the evolution of vapor 
therefron during pumping coin prising, a storage 
container for the liquid, a heat interchanger hav 
ing two passageways therethrough for Subcooling 
the liquid to be pumped, conduit means connect 
ing the storage container and one passageway 
of the interchanger, second conduit means con 
necting the storage container and the second 
passageway of the interchanger, an expansion 
valve in the Second conduit means, a pump in 
cluding an inlet and a discharge, a cooling jacket 
surrounding the pump containing an inlet and 
a discharge thereto, means connecting the first 
passageway of the heat interchanger and the 
inlet to the punap, a Second heat interchanger 
having two passageways therethrough for re 
liquefying the fluid used for subcocling, neans 
connecting the discharge from the pump and 
one passageway of the Second heat interchanger, 
a connpressing means including an inlet and a 
discharge, means connecting the second passage 
way of the first heat interchanger and the inlet 
to the cooling jacket, means connecting the dis 
charge froin the cooling jacket and the inlet to 
the compressing ::22ans, means connecting the 
discharge from the compressing means and the 
Second passageway of the second heat inter 
changer, a pressure reducing means, means con 
necting the Second passageway of the Second heat 
interchanger and the pressure reducing means, 
and means for connecting the pressure reducing 
means to the first mentioned conduit connecting 
the storage container and the one passageway 
of the first interchanger. 

ARTHUR. E. STEELE. 
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