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ABSTRACT: This invention relates to an automatically con 
trolled vent valve in a vent line connected to the suction line in 
a cryogenic pumping system. The vent valve is in an open posi 
tion during the cooldown cycle and is moved to a closed posi 
tion after the system has reached desired operating conditions. 
Blowby gas which leaks around the piston of the pumping 
system provides the pressure for closing the vent valve. The 
vent valve contains an ori?ce through which the blowby gas 
bleeds and returns to the storage vessel for the cryogenic ?uid 
being pumped. 
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SUCTION LINE VENT VALVE FOR RECIPROCATING 
PUMPS 

SUMMARY OF THE INVENTION 

The problems related to cavitation in high pressure 
cryogenic pumping systems are discussed at length in U.S. Pat. 
No. 3,181,473. In general the invention disclosed in that 
patent was directed to avoiding the introduction of vapor into 
the piston chamber of the pump, to avoiding the retention of 
blowby gases in the piston chamber and to avoiding retention 
of gases in the chamber after the compression stroke. The 
pump described in the patent was highly successful in solving 
these problems. For example vapor which forms in the suction 
line leading to the intake valve is vented before it reaches the 
intake valve. The vapor so vented returns to the cryogenic 
storage vessel in gaseous phase. Similarly blowby gas is vented 
to the cryogenic storage vessel. The Duron piston, intake 
valve and piston chamber were also designed to have a 
minimum clearance volume so as to reduce the amount of 
cryogenic liquid in the clearance volume and to thereby 
reduce ?ashing at the start of the intake stroke. 
The system disclosed in the above-mentioned patent and in 

other systems being used in the cryogenic ?eld have however 
certain drawbacks. During pump start-up, when the pump is 
called upon to deliver high pressure liquid, considerable ?ash 
ing of the liquid takes place in the suction line and in the pump 
itself. This is due to relatively warm temperature of the lines 
and the pump. During start-up, which is also referred to as the 
“cooldown cycle,” the vent line to the storage vessel must be 
kept open to allow the vapor to vent and to allow the pump to 
draw liquid into the pumping chamber. If the vapor in the suc 
tion line were not vented easily, vapor lock in the suction line 
and pump would occur, no liquid would be pumped, and ‘a 
possible pump failure might occur. 
Thus venting during cooldown is essential. It has been 

found, however, that after cooldown, continued venting of this 
suction line serves no useful purpose, or is in fact detrimental. 
Cooldown is generally completed when the pump parts have 
been cooled to their operating temperatures, as indicated by 
frost on the parts and when the discharge pressure is up to that 
desired. Little, if any, vaporization or ?ashing of the liquid 
passing though the suction line occurs after cooldown. Thus it 
has been found that there is really no need for continued vent 
ing of the suction line. Furthermore, it has been found that 
continued venting results in lowering the efficiency of the 
pumping operation by allowing some of the liquid to vaporize 
and return to the storage tank as vapor. This vapor is essen 
tially lost since it cannot be pumped effectively or efficiently 
by the pumping system. Furthermore, continuous venting 
builds up pressure in the tank beyond the desired pressure and 
thus a pressure relief valve must activate to prevent destruc 
tion of the tank. In order to prevent this continued venting, 
users have installed a shutoff valve in the vent line in order to 
be able to close the vent line to prevent continuous venting of 
the suction line. In the event that the pump loses prime during 
its normal operation, it has been found necessary to open the 
said vent line to assist in repriming of the pump. When the 
pump has been reprimed, the shutoff valve must again be 
manually operated to close the vent line. 
The inclusion of a manual shutoff valve in the vent line 

necessitates the addition of a separate blowby gas vent line to 
vent blowby gas to the storage tank. It is evident that the blow 
by gasmust be allowed to ‘vent at all times to avoid vapor buil 
dup in the piston chamber. A certain small amount of blowby 
gas is usually generated when high pressures (up to 15,000 
psi.) are involved. Blowby occurs when liquid passes around 
the piston rings to a region of lower pressure. 
The present invention utilizes a unique automatically actu 

ated valve in the vent line to shut off the vent from the suction 
lineuwhile allowing the blowby gases to vent. The valve is 
operated automatically when the cooldown cycle is'completed 
and returns to an open position when the pump is shut down 
or when it loses prime. 
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2. 
It is therefore the principal object of this invention to ailow 

the venting of the suction line during-thecooldown cycle, and 
when the pump loses prime, and to terminate the venting 
when cooldown is complete. 
Another object of the invention is to maintain the venting of 

blowby gases from the piston‘chamber during cooldown. and‘ 
normal operation of the cryogenic pump. 
A further object is to utilize the pressure of the blowby gases 

to position a vent valve which controls the venting of the suc~ 
tion line. 
Yet a further object of the invention. is to improve the 

overall efficiency of a cryogenic storage. and pumping system. 
Yet a further object of the invention is to control'the vent 

ing of a cryogenic pumping system automatically. 
Still another object of the invention is to utilize a, single vent 

line to vent blowby gas and suction line gas to a_ storage tank 
and to position a shutoff valve in said vent line which will shut 
off the ?ow of suction line vent gas but‘ not the blowby vent 
gas to the storage tank. 
The novel features which are believed, to be characteristic 

of the invention, both as to its organization and method; of 
operation, together with further objects and advantages 
thereof will be better understood from the following descrip~ 
tion considered in connection with the accompanying 
drawings. It is to be expressly understood, however, that‘the 
drawings are for the purpose of illustration and description 
only and are not intended as a definition of the limits of the in 
vention. 

FIG. 1 shows schematically a cryogenic pumping system; 
FIG. 2 illustrates schematically a vent valve according to the 

present invention, positioned in the vent line from the 
cryogenic pump; and 

FIG. 3 illustrates a modi?ed form of vent valve which is ad 
justably spring loaded. 

Reference is now made to FIG. I where the general form of 
a system incorporating the various features of the invention is 
shown. The principal parts of the invention are the pump 10, 
the storage tank 11, the vaporizer 12, and the vent valve as 
sembly 13. The ?gure illustrates also the suction line ‘14 con 
necting the storage tank 11 and the pump intake. A discharge 
line 15 leads from the pump exhaust valve to a vaporizer 12. 
A blowby gas vent line 20 and a suction line vent line 21 

lead from the pump to a vent valve assembly 13. A single vent 
line 22 leads from the assembly 13 to the tank 11 wherein it 
communicates with the vapor space above the cryogenic 
liquid. 
The structural details of the storage tank 11 will not be 

described in detail in view of the fact that they are not signi? 
cant to the disclosure of this invention. The tank may be mo 
bile or stationary. Generally speaking, tanks or vessels of this 
type are vacuum insulated and have suitable connections for 
filling and discharge and have instrumentation for indicating 
the quantity, pressure and temperature of the contents. Suita 
ble pressure relief valves are installed to protect the tank from 
exploding. Tank pressures are usually slightly above at 
mospheric pressure but not generally higherto minimize con 
struction costs, etc. Generally speaking, the discharge orsuc 
tion line 14 communicates withithe very bottom of thetank so 
that only liquid is withdrawn. The pump is usually located 
below the level of liquid .in the tank and is sometimes posi 
tioned in a housing directly under the tank. 
The vaporizer 12 maybe ofthe ambient air variety ormay 

utilize the heat from an external source-such. as a jet engine, 
air-fuel burner, hot water heater, etc. The details of the 
vaporizer are not described in that they vform no part of the 
present invention. 

Generally the pumpingsystem as shown in FIG. 51 isused ‘to 
supply high pressure gas to a use point. The cryogenic liquidis 
pumped to a high pressure in‘liquidphase due to the fact‘that 
this is considerably easier than trying to compress gas. The 
high pressure liquid is then vaporized and supplied to auser at 
a desired pressure. If the user ‘requires liquid, .then ‘the 
vaporizer is not used. The tank ist?lled periodicallyby means 
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of a transport vehicle 16 (not to scale). High pressure gases of 
the type delivered by the above-described system have a mul 
titude of uses in industry. The gas may be oxygen for use in 
metallurgical operations (BOF, etc.). It may be nitrogen for 
use in creating an inert atmosphere or supplying an oil well, 
etc. The invention although especially suited for use in han 
dling cryogenic liquids, which are lique?ed gases having a 
boiling temperature at atmospheric pressure at or below about 
-100° F., may be utilized in handling various other liquids 
which have a tendency to vaporize or ?ash during distribution 
and pumping. 
With regard to the details of the pump 10, reference may be 

had to the Duron US. Pat. No. 3,181,473. Instead of combin 
ing the blowby gas which comes through ports 33 and the vent 
gas from the suction line which comes through port 34, how 
ever, the applicants maintain the two sources of vent gas 
separate in conduits 20 and 21. The internal details of the 
pump are not critical to the instant invention, it being only 
necessary to provide for venting the blowby gas and the suc 
tion line gas by known means and to direct the separate 
streams to the vent valve assembly 13. 
The details of the vent valve assembly are illustrated in FIG. 

2. The ring blowby gas is passed through conduit 20 into a 
passage 30 drilled into the housing 40 of the assembly. The 
housing has a generally cylindrical shape and contains inlet 
passages 30, 31 and an exhaust passage 32. The vent gas from 
the suction line passes through conduit 21 and enters the 
housing 40 through passage 31. As shown in FIG. 2 the 
passage 31 widens at 41 and the gas passes around a central 
valve block 42 which is supported by a plurality of spiderlike 
members 43. The openings de?ned by the members 43 allow 
the suction line vent gas to enter the cavity 44. 
The valve block 42 comprises a cylindrical wall portion 45 

de?ning a central chamber 46. The wall portion slidably 
guides a valve 47 having a pistonlike member 57 for 
reciprocating movement. Annular sliding seals 48,49 are ?tted 
in annular recesses in the pistonlike member and contact the 
wall portion. The seals are designed to substantially prevent 
?uid communication between the piston 57 and the wall 45. 
An opening 50 has been drilled through the piston 57 and 
presents a restriction to the passage of ?uid from the chamber 
46 to the exhaust passage 32. 

Valve 47 has at one end a valve head 53 with an annular 
face 54 adapted to contact a mating valve seat 55 formed in 
the housing 40. When the valve 47 is in its uppermost position, 
as shown in dotted lines in FIG. 2, it prevents the vent gas from 
the suction line from passing through the vent valve assembly. 
When the valve is in the position shown in solid lines the said 
vent gas passes through the assembly and out the exhaust 
passage 32 to the storage tank. 

In the embodiment shown in FIG. 2, the valve 47 is gravity 
loaded and must be forced upward to shut off the venting of 
the suction line 14. 
The valve 47 is forced upward by pressure generated by the 

blowby gas from conduit 20. This gas enters chamber 46 and 
then must pass through opening 50 in the valve. The opening 
is sized to restrict the ?ow of the blowby gas and therefore 
pressure is built up in chamber 46. When the pressure is suffi 
cient to lift the valve it forces it upward into contact with valve 
seat 55. Opening 50 allows blowby gas to continue to vent 
even when it is in its seated position. When the pressure drops 
in chamber 46 to a predetermined level, the valve will drop 
down and again allow the suction line to vent to the tank. Thus 
in the event the pump loses prime, its discharge pressure will 
drop and the pressure of the blowby gas will also cor 
respondingly drop. When this occurs the valve drops down 
opening up the vent line 21 thereby assisting in the repriming 
of the pump. 

It is apparent that while a gravity loaded valve is especially 
suited for this type of an operation, a spring-loaded valve 
could also be utilized. By adjusting the spring loading in such a 
valve, as shown in FIG. 3, the desired pressure for activation 
could be varied. 
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4 
A description of the start-up operation of a pumping system 

incorporating the features of the present invention will now be 
given. 
When the pumping system is called upon to deliver high 

pressure gas various steps must occur in sequence. Manual 
valves controlling the ?ow of liquid from the tank 11 must be 
opened to allow the liquid to reach the pump 10. Similarly any 
manual valves in conduit 22 must be opened to allow the vent 
gases to return to the tank. 

It is the common practice to keep the manually controlled 
valves in the conduit 15 leading to the vaporizer closed until 
the discharge pressure of the pump is up to a desired pressure. 
The power source 16 for the pump 10 is then started up 

causing the piston in the pump to reciprocate and pull a suc 
tion on the suction line 14. The head of the liquid in the tank 
or the pressure in the tank may also assist in priming the 
pump. Due to the low boiling temperature of the cryogenic 
liquid coming through the suction line 14, a considerable 
amount of it vaporizes during the time that the suction line 14 
and the cold end of the pump is being cooled down. The vapor 
which is formed in the suction line and in the cold end of the 
pump adjacent the inlet valve passes through port 34, conduit 
21 and through valve assembly 13 into conduit 22 and then to 
the vapor space in tank 11. Similarly a portion of the 
cryogenic liquid which enters the piston chamber of the pump 
?ashes and therefore the pump discharge is not entirely in 
liquid phase. This may be observed by disconnecting the con 
duit 15 from the vaporizer and venting the discharge to the at 
mosphere. During the cooldown cycle, frost will appear on the 
suction line 14 and also on the cold end of the pump. During 
the initial operation, the pressure of the blowby gas which 
passes around the piston sealing rings and which passes 
through conduit 20 will be insufficient to lift the valve 47. The 
blowby gas therefore will pass through opening 50 and join 
with the vent gas from the suction line and pass through con 
duit 22 back to the tank. After a relatively short period of 
time, however, the cold end of the pump will cool down and 
thereafter relatively little of the cryogenic liquid which enters 
the pumping chamber will be vaporized. The pressure of the 
blowby gas will therefore increase as the discharge pressure 
increases; that is, when the pump starts discharging pure 
liquid. When the pressure discharge increases, the manual 
valve leading to the vaporizer is opened so that the liquid can 
enter the vaporizer. Due to the fact that the pressures caused 
by pumping pure liquid in this type of pump are relatively 
high, the blowby gas pressures will also be high. When the 
pressure of the blowby gas increases in the chamber 46, suf? 
cient to cause the lifting of valve 47, it will seat in the manner 
shown in FIG. 2 in dotted lines and prevent the passage of vent 
gas from the suction line to the tank. As mentioned above, it is 
at this time no longer desirable to vent the suction line back to 
the tank in view of the fact that the suction line has been 
cooled down and little, if any, vaporization occurs in the suc 
tion line thereafter. Thus there is no necessity for venting this 
line and in fact if the line is maintained in a vented condition, 
it will only serve to increase vaporization losses in the line with 
consequent pressure buildup in the storage tank. 
Thus during normal continuous running operation of the 

pumping system, the valve 47 shuts off the vent from the suc 
tion line while allowing the blowby gasses to vent back to the 
tank. 

If the pumping operation is ceased, the power source 16 for 
the pump 10 is shut down and the manual valve in the suction 
line from the tank is also closed. When the pump ceases to 
operate, the blowby gas pressure drops as the blowby gas 
passes through the opening 50 and the valve 47 drops back to 
the full line position shown in FIG. 2. This again allows the 
vent gas from the suction line of 14 to vent. This venting is, 
necessary due to the fact that the liquid which is trapped in the 
suction line when the pump is shut off vaporizes and must be 
allowed to vent in order to prevent excess pressure occurring 
in the suction line and in the intake area of the pump. 
Similarly, when the pump loses prime the vent valve will open 
when the blowby pressure drops. 
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If the cryogenic pumping system is to operate relatively 
frequently, it is not necessary to close the manual valve in the 
suction line each time the pump is shut down. If, on the other 
hand, the pump is not going to be operated for a fairly long 
period of time, it is best for reasons of economy to close the 
manual valve so that excess vaporization does not take place. 
Although the preferred embodiment of the valve assembly is 
illustrated in FIG. 2, other variations in the valve structure will 
become readily apparent to those skilled in the art. For exam 
ple, the vent valve assembly may be included as an integral 
part of the cold end assembly of the pump. 

Accordingly, it will be understood that the scope of the in 
vention is to be construed only by reference to the appended 
claims, since the description herein covers features with an ex 
tremely broad range of equivalents. 
We claim: 
1. A method of automatically controlling the venting of a 

suction line supplying a pump for liquid having a low boiling 
temperature during pump start-up, comprising venting the 
suction line until the pump cools down and the discharge pres 
sure of the pump reaches a normal level, and then utilizing 
pressure developed by the blowby gas of said pump to ter 
minate said venting. 

2. A high pressure pump for liquid having a low boiling tem 
perature comprising a pumping chamber, a piston mounted 
for reciprocating movement in said chamber, exhaust valve 
means for said chamber, intake means communicating with 
said chamber, means to vent vapor from said intake means, 
further vent means to vent blowby gas which has passed 
around said piston, control means to continue the venting of 
vapor in said ?rst vent means during pump cooldown and to 
terminate said venting upon the completion of cooldown, said 
control means being operative in response to an operating 
condition of the pump attained when cooldown is completed. 

3. A pump for liquid having a low boiling temperature com 
prising a pump housing having means therein for raising the 
pressure of said liquid, intake means for said pump housing, 
vent means for venting vapor from said intake means before 
the vapor reaches the pressure raising means, valve means to 
control said vent means dependent on the discharge pressure 
of said pump. 

4. A high pressure pump for liquid having a low boiling tem 
perature comprising a suction line, a discharge line, means to 
vent vapor formed in said suction line during the cooldown cy 
cle, means to vent blowby gas from said high pressure pump, 
further means responsive to the pressure of said blowby gas 
for regulating the ?rst-mentioned vent means. 

5. A high pressure pump for liqui?ed gases having low boil 

15 

20 

25 

30 

35 

40 

50 

55 

60 

65 

70 

75 

6 
ing temperatures comprising a pumping chamber, intake 
means to direct low pressure liquified gas to the pumping 
chamber, discharge means to direct high pressure liqui?ed gas 
from the pumping chamber, means to vent vapor from said in 
take means, further means to control said vent means depen 
dent on the discharge pressure of said pump. 

6. A pump as de?ned in claim 5 further comprising addi 
tional vent means for venting blowby gas from said pumping 
chamber, said further means including valve means in said 
?rst vent means, said additional vent means directing blowby 
gas to actuate said valve means to close said first vent means 
when a predetermined blowby gas pressure is reached. 

7. A pumping system for a liquid having a low boiling tem 
perature comprising storage means for said‘liquid, a pump, a 
suction line connected to said storage means for supplying 
liquid to said pump, ?rst vent means for passing gas formed in 
said suction line back to said storage means, further vent 
means to pass blowby gas back to said storage means,means 
to close and open said ?rst vent means dependent on pressure 
created by the blowby gas. 

8. A pumping system according to claim 7 in which said clo 
sure means is a valve adapted to close said ?rst vent means. 

9. A pumping system according to claim 8 in which said 
further vent means communicates with said valve, said valve 
having an opening to restrict the passage of blowby gas 
therethrough. _ 

0. A pumping system according to claim 9 in which the 
valve is gravity loaded and is moved by a predetermined pres 
sure created by the blowby gas. 

1 1. A pumping system according to claim 10 said opening in 
the valve allowing the blowby gas to continuously pass back to 
the storage means. 

12. A reciprocating pump for liquid having a low boiling 
temperature comprising a piston chamber and a piston within, 
a suction line for said pump, a discharge line for said pump, 
valve means controlling the entrance and the exhaust of the 
liquid from said pump, a ?rst vent passage for said suction line 
to remove gas therefrom, a second vent passage for removing 
blowby gas from said piston chamber, vent valve means in the 
?rst vent passage to control ?ow therethrough, said second 
vent passage communicating with said vent valve means to ac 
tuate the same. 

13. A pump according to claim 12, in which said vent valve 
means comprises a gravity loaded valve having an ori?ce 
therein for restricting the flow of blowby gas therethrough. 

14. A pump according to claim 12 in which the vent valve 
means is adjustably spring loaded. 

* * * it! * 
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