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The invention is concerned with a reciprocative differ 
entialpiston or plunger type pump adapted for pumping 
a highly volatile lique?ed gas having a low boiling point 
at atmospheric pressure in the range below 273° K. The 
subject matter covered by this patent may be used by or 
for the government of the United States for governmental 
purposes without the payment of any royalties. 

It is an object to provide such a pump capable of de 
livering the volatile liquid at selected pressures over a 
relatively large range including pressures of 1000 lbs. per 

’ square inch and upwardly and which is e?icient in opera 
tion and avoids the di?iculties of gas binding and has 
other operating advantages. 
The pump is adapted to be mounted with its cold operat 

ing end immersed in the'liquid in a supply chamber but 
, having other parts and operating connections extending 
exteriorly of the chamber where suitable packing and seal 
ing means may be provided and kept at a warmer tem 
perature appropriate to their required functions. 
A particular feature of the invention is the incorpora 

tion of a differential piston or plunger having a larger 
diameter portion which is hollow and an elongated smaller 
diameter portion extending therefrom, the larger hollow 
portion operating in the working chamber of the cylinder 
being providedv with an arrangement of ?uid ports, pas 
sages and associated valve means of a character whereby 
the liquid flow is always upward through the pump, the 
liquid being drawn in at the bottom and discharged at the 
top of the working chamber. The plunger is in effect, 
however, double acting and delivers liquid on both strokes. 
during the down stroke liquid ?ows upwardly through the 
lower hollow plunger portion and a proportion thereof is 
forced out the discharge line, and during the up stroke 
the liquid above the hollow plunger portion is forced out 
the discharge line and liquid ?ows simultaneously into the 
bottom end of the working chamber below the plunger. 
By making the cross sectional area of the larger diameter 
portion of the plunger with respect to the cross sectional 
area of the smaller diameter plunger portion in a ratio 
of two to one, the discharge rates for the two strokes are 
equal. 
tween the up and down strokes and there is a uniformity 
of flow and power requirement. 

Also particular advantages reside in the ability to obtain 
faster priming and in the reduction of liability of gas' 
lock. As the liquid progressively enters the bottom and 
leaves the top without any reversal of direction of ?ow, 
the liquid readily purges any vaporized gas from the 
pumping chambers which contributes to faster priming 
and serves to carry off continuously any heat developed 
such as by plunger friction. The pump, therefore, not 
only is maintained at a lower uniform temperature but 
the addition of heat to the surrounding liquid of the sup 
ply chamber is avoided. With the ?ow as described the 
hollow plunger and its working cylinder assure a substan; 
tially uniform constant temperature and the shrinkage is 
substantially uniform. This is in contrast to the condi 
tion in a normal single acting pump where there may be 
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a considerable temperature variation from the top to the 
bottom of the ‘plunger and a greater shrinkage occurs at 
the bottom making it necessary to provide greater clear 
ance in the original assemblyof the plunger in the cylin 
der. 
The pump also embodies an arrangement of self-lubri 

cating liner parts for the cylinder and ?uid bleed glands 
and conduits which cooperate in reducing friction and 
generation of heat and wear and aid in maintaining ‘a 
high efficiency and prolonging the life of the apparatus, 
and also contribute to the avoidance of gas lock. 
The pumping apparatus also embodies a driving mech 

anism including a speed reducer and crank, connecting rod 
and cross head drive for two plungers combined and con 
structed to occupy a small space, to be of light weight, to 
permit vertical mounting of a drive motor above the pump, 
.to allow for easy removal and replacement of the pump 
plungers, and to provide adequate lubrication of the 
working parts while avoiding a hazard of lubricant con 
taminating the pump plungers particularly when pumping. 
liquid oxygen, ' 

Various other structural and functional features of ad 
vantage will be apparent from a more detailed description 
of a complete embodiment. The invention accordingly 
comprises the features of construction, combination of 
elements, and arrangement of parts, which will be exempli 
?ed in the construction hereinafter set forth, and the scope 
of the invention will be indicated in the claims. 

Reference should be had to the following detailed de 
scription taken in connection with the accompanying 
drawings in which: 

Fig. 1 is a vertical cross sectional view of a reciproca 
tive piston pump including particularly the working parts 
thereof; 

Fig. 2 is a detail enlarged cross sectional view of the 
lower end thereof showing a modified valve arrangement 
in the piston; 

Fig. 3 is a fragmentary enlarged view taken on the line 
3-3 of Fig. 1 showing particularly the discharge port; 

Fig. 4 is a view looking upwardly from the bottom of 
Fig. 1; 

Fig. 5 is a view in elevation of a complete combination 
showing a pair of the pumps mounted in a supply cham 
ber and having a common operating means; 

Fig. 6 is a similar view looking from the right in Fig. 5 
with the shell of the supply sump broken away; and 

Fig. 7 is a fragmentary cross sectional view of one of 
the anti-friction bearing bushings for a pump cross head. 

Referring to Fig. l, the pump there shown includes a 
long pump cylinder or barrel 1%} which is shown as made 
in a single continuous sleeve but which if desired may 
be made in two or more sections suitably joined together. 
The pump is of the immersion type and adapted tobe 
suspended in a sump as shown in Figures 5 and 6 and for 
that purpose the upper end of the pump cylinder is pro 
vided with a suitable supporting means which may com 
prise a plate 12 having an opening therein for receiving 
the pump barrel which has a ?ange 13 abutting the plate. 
The plate 12 and pump barrel 10 are secured together 
as by the application of welding at 14. The plate 12 is 
adapted to be supported on the top of the supply con 
tainer in which the pump is immersed as will be de 
scribed later. 
larly within the lower working chamber 15 thereof is a 

‘ differential piston or plunger in having a lower portion of 
considerable length and of larger diameter 16a and an 
upper long portion of. lesser diameter 16b which also 
serves as a piston rod adapted to be connected to a 
‘suitable operating means. ' 

The cylinder, both as to the working chamber part forv 
the lower plunger portion 16a and the upper part in 
‘which operates the plunger member 1612, is provided with 

Operative within the cylinder and particu» 
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liner sleeves 17 and 13 respectively of an inert self 
lubricating material to reduce the ‘friction of the recipro 
lcating parts. Preferably this material may comprise 
bonded carbon or more speci?cally a bonded graphite. 
The dimensions are such that the plunger, including- the 
upper plunger member 1611, have a rather close sliding 
?t in the bore of the corresponding sleeve portions. The 
diametral clearance may be, for example, about .003 to. 
.005 inch. The upper sleeve sections 18, in effect, serve 
as guide bushings for the plunger member 16b. Prefer 
ably the liner sleeves or bushings are made initially in 
‘sections as shown and assembled in the pump cylinder 
and line-reamed in place. The outer end of the cylinder 
is provided with suitable packing for the plunger rod 
which may advantageously be of the type in general dis 
closed in‘the patent to Patterson, No. 2,292,543. As 
shown in the drawings, the packing means includes a 
metal disk 20 screwed into the end of the cylinder sleeve 
ltlb abutting against the carbon sleeves. Located above 
disk 29 are a series of packing rings 21, three being 
shown, each comprised of graphite impregnated woven 
asbestos and desirably a small amount of loose graphite 
may be inserted between the rings. Above the rings 21 is 
a metal sleeve 22 having therein a cylindrical guide sleeve 
23 similar in composition to that of the liners 17 and 18. 
The assembly is compressed into sealing engagement by 
an outer nut 24 threaded over external threads on ‘the 
upper end of the, cylinder section 1%. The upper end 
of the pump, including particularly the packing means 
just described, is commonly referred to as the warm end 
of the pump and it is exposed exteriorly of the liquid 
supply container in which the lower end of the pump, 
referred to as the cold end, is immersed. 
The lower end of the cylinder is provided with a closure 

means in which are embodied the suction or intake valve 
means, the closure including a plate 36 having a reduced 
diametral portion received within the lower end of the 
cylinder section 1611 and a ?ange portion seated on a 
shoulder in the lower end of the cylinder. The plate is 
held in position by a bottom annular member 31 
threaded into internal threads in the bottom of the cylin 
der barrel, the annular member 31 having a central open 
ing ?ared downwardly and outwardly for the free entry 
of liquid. The suction valve means may vary as to form 
but as speci?cally shown it includes ?ve valve members 
33 arranged symmetrically around the center point of 
plate 30 each having an upper conical head seated in a 
complementary opening in the upper surface of the plate, 
and each ‘valve member 33 being provided with ?uted 
guides for maintaining their position in the openings 
through the plate 30. The upward movement of the in 
dividual valve members is limited by a common stop 
means 34 comprising one or more circular disk spring 
plates secured on the upper end of a boss 36 by means of 
a set screw 37. In place of the cone type valves shown 
there may be employed a small ball type. Also, of course, 
a single valve instead of the multiple valve arrangement 
would serve the purpose, but the multiple valves have 
the advantage of obtaining larger flow with smaller pres 
sure drop because the small valves are lighter than an 
equivalent single valve. 
The portion of the plunger 16a of enlarged diameter 

is made hollow and is adapted to permit upward flow of 
liquid therethrough by having an open lower end, and 
?uid passages 40 at the upper end. Flow in the opposite 
direction, however, is prevented by means of a check 
valve located within the interior of the plunger, which 
in the speci?c embodiment shown is located at substan 
tially- the bottom end of the plunger. The construction 
in Figure 1 includes a ball 41 having a seat provided by 
the inlet ?tting 42 threaded into the bottom end of the 
plunger. The ball is movable vertically in a sleeve 43 
which may have longitudinal internal guide ribs 43a for 
the ball. A ?exible bumper limits the upward movement 
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of the ball comprising a skeleton disk 44 urged down 
wardly by a spring 45. 

In addition to the effect of gravity, the ball check 
valve may also be urged to its seat by a suitable light 
spring. Such a spring is shown in the somewhat modi?ed 
arrangement of Fig. 2. The spring 46 is mounted within 
a cage 47 inserted in the enlarged bore at the bottom 
end of the plunger and held therein by the snap ring 48. 
The outer nut 49 has ?ngers 49a extending within the 
cage 47 and serving as guides for the ball 41. In this 
construction the bottom carbon liner sleeve abuts against 
a ring 50. held in place by a snap ring 500. 
The outlet duct 51 (Fig. l) is arranged to communi 

cate ‘with the port 52 through the cylinder wall and car 
bon sleeve 17 by any suitable connection which in the 
particular construction shown comprises a ?anged pipe 
end 51a clamped against a flattened portion of the barrel 
by the ring halves 53 and 53a clamped together by bolts 
54 (Fig. 3). ' 
As shown, a ?uid collecting gland and bleed vent is 

provided midway of the working chamber. This com 
prises a brass lantern gland 55 inserted between opposed 
ends of two sections of the carbon sleeve liners 17 and a 
coupling 56 threaded through an opening in the cylinder 
barrel providing a conduit communicating with the ?uid 
collecting space in the lantern gland 55. The opening 
through the coupling 56 is adapted to communicate with 
the liquid space in the tank in which the pump is sus 
pended. The gland 55 is adapted to vent leakage from 
either the upper or lower pumping chamber, and particu 
larly is adapted to prevent leakage from the upper pump 
ing chamber from gas binding the lower pumping chamber. 
A similar gland and bleed or vent arrangement is pro 

vided at the guide bushings 18 for the plunger rod 161') 
comprising a lantern gland 57 inserted between sections 
of the carbon guide bushings. Any suitable outlet may be 
provided for the gland passages comprising in the con 
struction disclosed a conduit 58 in the plate 12 communi 
cating with a pipe 59 opening into the supply chamber in 
which the pump is mounted. The gland 57 is particularly 
adapted to vent upward leakage from the upper pumping 
chamber and prevent it from contacting the packing 
means. 

Figs. 5 and 6 show an application of the pump compris 
ing in this case two such pumps operated from a common 
operating means and forming therefore a duplex pump. 
As shown in these ?gures, two pump cylinders 10 are sus 
pended in a tank 70 forming a supply container and fore 
chamber for the lique?ed gas which in turn may be sup 
plied from a main container through a suitable supply con 
nection 71. The liquid is preferably delivered through 
pipe 71 under at least a slight head pressure which may 
be provided by having the main supply source somewhat 
elevated from container 70. The liquid level in container 
70 is maintained at the point shown by an outlet pipe 72 
leading to the gas phase space of the main container. The 
proportions between the pump and container may vary 
and likewise the speci?c location of the pump cylinder ex 
cept that the working chamber at least of the pump should 
be completely submerged in the liquid. 
The liquid pumped may be, for example, liquid oxygen, 

nitrogen or argon and accordingly it is at a very low tem 
perature, but may be substantially at atmospheric pres 
sure. However, it is desirable that the liquid at the suc 
tion valve ‘be in a slightly sub-cooled state at least 2° or 3 ° 
below the boiling point for the pressure existing at that 
point. The container is, of course, heat insulated as in 
dicated at 73, by means which should be of a highly eth 
cient type. 
The pump cylinders are suspended in the container 70 

by means of the attached plates 12 the rim portions of 
which are seated upon the edges of openings in top plate 
80 of the container 7% and held down by means‘ of upper 
plates 81, clamped to the top plate 80 by screws 82. The 
pump discharge pipes 84 and 85 are shown as extending 
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through the respective plates 12 through the medium of 
suitable coupling means and lead, as indicated at 84a and 
85a respectively, to a common ?lter 86 having an outlet 
87. A pipe connection at 88 may be utilized for the at 
tachment of any desiredv element such as a safety valve or 
pressure gage. 
The pump operating means includes a drive mechanism 

located in the housing 91 supported on plate 80. A 
rotary drive shaft 92 is mounted in ball bearings 93 and 
94 and extends upwardly from the casing through a suit 
able oil seal 95 for the application of a suitable power 
drive to the outer end. A worm 96 on the shaft 92 
meshes with a worm gear 97 secured on a crankshaft 
which extends transversely of the housing 91 and through 
the side walls, being mounted in tapered roller bearings 
and provided with an oil seal at each end not shown. 
Mounted on the external ends of the shaft are crank disks 
98 and 99 provided with crank pins 100 and 101 respec 
tively received in the upper ends of the respective pitmans 
102 each pivotally connected at its lower end to a cross 
head 103 slidably mounted on spaced guides 104. The 
crossheads 103 preferably have anti-friction bearing bush 
ings for accurate sliding support on the guides 104. These 
bushings may be of the type indicated in the fragmentary 
cross sectional view of Figure 7 comprising generally a 
bearing cage 105 having balls 106 running in axial grooves‘ 
connected at each end with return grooves, and having 
sealing means 107 at each end. Bearings of such type are 
well known and the present invention is not concerned 
with the speci?c details thereof. The matter of impor 
tance is the provision of free sliding movement and the 
presence of a minimum of lubricant. The bearings at 
each end of the pitmans 102 also preferably are of the 
ball or roller bearing anti-friction type. For example, the 
lower end of the pitrnan is shown as having a transverse 
pin with its laterally extendingjportions journalled in 
needle type roller bearings mounted in the crosshead. 
The provision of anti-friction bearings for the driving 
parts to the plunger ro-ds externally of the housing 91 
which type of bearings require but a thin ?lm of grease for ‘ 
lubrication avoids the falling of lubricant on the plungers 
which is particularly important where liquid oxygen is 
being pumped. The upper ends of the piston rods 16!; 
are connected to the corresponding crosshead 103 by 
suitable coupling means which may comprise e. g..a screw 
117 extending from the end of the piston rod and threaded 
into the center of the crosshead. The pitmans 102 may 
hev made readily removable and the arrangement in gen 
eral is such that the cylinders may be removed from the 
apparatus without the necessity of removing the gear cas 
ing 91. Although the crank pins are shown at 180° re 
lation for clearness of illustration,‘ they may advanta 
geously be at 90°. ' v 

The lower half of the housing 91 forms an oil reser 
voir and since it is completely closed, and since the crank 
shaft extends through the housing walls at a point sub 
stantially above the oil level in the housing, all danger of 
lubricant dropping on the pump plungers is avoided. The 
internal bearings and gearing are lubricated preferably ‘by 
pumping oil from the reservoir to the upper part of the 
worm shaft 92. While the oil pump could be located ad 
vantageously in the reservoir, it is here shown at 110 se 
cured to the side wall of the housing 91 adjacent worm 
shaft 92. The pump110 is of the positive displacement 
type and is driven by a pair of bevel gears 111 and 112, 
one of which is mounted on the worm shaft and the other 
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the reservoir and the tubing, an extended surface cooler 
may be interposed in the tube 114. 
The'manner in which the pump functions and the 

flow of the liquid therethrough upon reciprocation of 
the plunger will be readily understood by’reference to 
Fig. 1. Upon the upstroke from the position shown, 
liquid is drawn into the lower end of the working barrel 
below the plunger from the surrounding supply. vThe 
spaces within and above the larger plunger portion 16a 
will, during normal operation, be full of liquid and the 
liquid above the larger diameter portion will be forced 
out the discharge opening 52 upon the upstroke. Upon 
the return downstroke the inlet valves close and ball 
check valve 41 opens and liquid ?ows upwardly through 
the larger plunger portion 16a and a de?nite proportion 
of the liquid above the check valve is forced out the 
discharge opening 52. The proportion of liquid dis 
charged will depend upon the ratio of the cross sectional 
area of the circle formed by the plunger portion 16a to 
the cross sectional area of the upper plunger portion or 
rod 16b. Preferably these areas are made in the ratio 
of two to one which results in equal discharge rates for 
the two strokes and a more uniform ?ow and power 
requirement. 
The ?ow of liquid through the pump is in ‘effect in a‘ 

continuoussingle direction entering at the bottom and 
?owing upwardly and out at the top on both strokes, 
and heat generated by plunger friction is continuously 
carried off in the discharged liquid. The arrangement 
including the, vent means reduces the heat transfer from 
the outer packing means to a minimum and avoids ade 
quately the phenomenon of gas ‘lock and conversely 
enables the packing to be maintained su?iciently warm 
to ensure a good seal and avoid excessive friction and 
wear. ' 1 

Since certain changes vmay be made in the above con-j 
struction and different embodiments of the invention 
could be made without departing from the scope there 
of, it is intended that all matter ‘contained in the above 
description or shown in the accompanying ‘drawing shall 
be interpreted as illustrative and not in a limitingsense: 

I claim: _ 

1. In a reciprocative plunger pump the combination 
of a cylinder and a differential plunger of stepped diam— 
eter reciprocative therein the respective lengths of the 
plunger portions of smaller and larger diameter being 
longer than the pumping stroke, said cylinder having walls 
de?ning a working chamber in Which the inner plunger 
portion of larger diameter is operative and a portion of 
reduced bore conforming to and adapted to receive the 
plunger portion of smaller diameter for reciprocation 
therein, a ?uid discharge opening leading from said work 
ing chamber at the end adjacent said reduced bore 
portion, inlet valve means communicating with the op 
posite end of said working chamber, said plunger por 
tion of larger diameter having a longitudinal ?uid flow 
passage therethrough, and a one way acting valve there; 
in adapted to permit the ?ow of fluid therethrough'frorn 
said opposite end of the working chamber, and a vent 

‘ means through the wall of said working chamber posi 

65 

of which is mounted on the end of a pump drive shaft , 
that extends within the housing. The pump suction is 
connected to the reservoir by a tube 113, and a tube 114 
conducts the pumped lubricant from the‘ discharge of the 
pump to a nozzle 114a which projects the lubricant against 
the bearing 95 and the worm shaft 92. The oil ?ows and 
spreads over all the internal Working parts and returns to 
thejreservoir. If the lubricant should not be sufficiently 
cooled by atmospheric heat exchange with the surface of 

70 
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tioned at a point substantially midway of the length of 
said working chamber so that said vent remains covered, 
by the plunger portion of larger diameter during oper 
ation for venting gas material tending to ?ow between 
the plunger‘portion and the working chamber wall to 
ward the lower part of the working chamber. 

2. In a reciprccative plunger pump for delivering low 
temperature lique?ed gases the combination of a pump 
cylinder, a diiferential plunger reciprocative therein hav-_ 
ing an- inner larger diameter portion operative in the 
cylinder chamber and a smaller diameter portion opera 
tive in an extension’ ‘of the cylinder having'a corre 
spondingly reduced bore, said larger diameter plunger 
portion having .a length which is longer than the pump-'7‘ 
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ing stroke ‘and at least as long as one~half the length of 
said cylinder chamber, inlet valve means communicating 
with said cylinder chamber at the inner end thereof, an 
outlet connection atthe opposite end of said cylinder 
chamber, said enlarged portion of the plunger having a 
longitudinal ?uid passage therethrough and a valve means 
therein adapted to permit the flow of ?uid from the 
inner end of the cylinder chamber to the outer end 
thereof but prevent reverse ?ow. 

3. In a double acting di?erential plunger reciproca 
tive pump for delivering low temperature lique?ed gases 
the combination of a cylinder and a plunger having an 
inner portion of larger diameter and a connected por 
tion of lesser diameter, said cylinder having a working 
chamber in which the inner plunger portion of larger 
diameter is operative and a portion of reduced bore con 
forming to and adapted to receive the plunger portion of 
lesser diameter, said larger diameter plunger portion 
having a length which is longer than the pumping stroke 
and at least as long as one-half the length of said work 
ing chamber, a ?uid discharge opening leading from said 
working chamber ‘at the end adjacent said reduced bore 
portion, inlet valve means communicating with the op 
posite end of said working chamber, said plunger por 
tion of larger diameter having a longitudinal ?uid ?ow 
passage therethrough, and a check valve therein adapted 
to permit the ?ow of ?uid therethrough in the direction 
only from said opposite end of the Working chamber, 
the cross sectional area of said larger plunger portion 
with respect to that of said portion of lesser diameter 
being substantially in the ratio of two to one whereby 
the ?uid delivered through said discharge opening is 
substantially the same for forward and reverse strokes 
of the plunger. 

5 

10 

15 

20 

30 

35 
4. In an apparatus for supplying highly volatile lique- - 

?ed gas, a supply chamber for the liquid, an immersion 
pump including a cylinder mounted in said chamber, a 
differential plunger of stepped diameter reciprocative 
in said cylinder, connections for operating said plunger 
extending outwardly from one end of said cylinder to the 
exterior of said supply chamber the opposite inner end 
of said cylinder being at a lower level in said chamber, 
said cylinder including a working chamber in which the 
larger diameter plunger portion is reciprocative, and said 
cylinder having an upper extension of smaller bore in 
which the plunger portion of smaller diameter is recipro 
cative, a liquid discharge conduit extending from the 
upper end of said working chamber to exteriorly of said 
supply chamber, an inlet valve means at the lower end 
of said working chamber for controlling the admission 
of liquid from said supply chamber, said plunger having 
a longitudinal liquid ?ow passage connecting the upper 
and lower ends of said working chamber, and a check 
valve therein permitting liquid ?ow in the upper direc 
tion only. 7 a 

5. In a ?uid pump having a cylinder and a plunger 
reciprocative therein, an end closure for one end of said 
cylinder comprising a plate having a cylindrical portion 
?tting in'the end of said cylinder and a ?ange portion 
engaging with a shoulder on said cylnder end, means for 
clamping said ?ange against the shoulder, a plurality of 
valve openings extending through said plate and valves 
therefor each valve comprising a head portion movable 
outwardly into engagement with a seat in the plate and 
having a guide portion slidable in its corresponding 
opening. ' 

6. In an immersion liquid pump having a cylinder 
and a plunger reciprocative therein with an inner end of 
said cylinder adapted to be located at a lower level in a 
liquid supply chamber than the outer end thereof, an 
operative connection to said plunger at the outer end, 
a, closure plate for the cylinder inner end, a plurality of 
liquid inlet‘ openings extending through said plate and 
a valve for each opening having a seat. in said plate and 
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8 
movable upwardly to open position and a stop means 
suspended over the valves for limiting the open position. 

7; In an immersion differential plunger pump for 
delivering highly volatile lique?ed gas and having a cold 
end mounted within a supply tank thereof and a warm 
end extending from the tank, a cylinder having a Work 
ing chamber located at said cold end at a level below 
said warm end, a di?erential plunger having stepped 
larger and smaller diameter portions the larger diameter 
portion of said plunger being operative in said chamber 
with the smaller diameter portion extending outwardly 
therefrom, a guide sleeve means connected to said cyl 
inder having a bore within which said smaller diameter 
portion has a sliding ?t, a ?uid outlet means commu 
nicating with said working chamber at the end adjacent 
said guide sleeve means, ?uid inlet means for said cham 
ber, a bleed port means in said guide sleeve means inter 
mediate the ends connected to bleed escaping fluid back 
into the tank, and packing for said smaller diameter 
plunger portion located outwardly of said sleeve means 
at said warm end. 

8. In an immersion reciprocative plunger pump for 
delivering highly volatile lique?ed gas, a cylinder having 
a working chamber and an elongated sleeve portion ex 
tending therefrom adapted to be mounted within a sup 
ply tank of such liquid, a plunger operative in said work 
ing chamber having a long connecting rod extending out 
wardly through said sleeve, the outer end of such rod 
being adapted for connection to means for reciprocat 
ing said plunger, outer packing means for the connecting 
rod, said sleeve portion being lined with successive cyl 
indrical sections of solid self-lubricating material the 
bore thereof being of a size to provide a sliding ?t for 
said connecting rod, and a ?uid collecting gland located 
between the opposed ends of a pair of said sections and 
having a bleed outlet adapted to lead to the interior of 
the supply tank. 

9. In an ‘immersion reciprocative plunger pump for 
delivering highly volatile lique?ed gas and having a cold 
end mounted within a supply tank thereof and a warm 
end extending from the tank, a cylinder having a work 
ing chamber located at said cold end at a level below 
said Warm end, a plunger operative in said chamber, an 
elongated operative rod connection extending outwardly 
from said plunger, a sleeve connected to said cylinder 
through which said rod extends, a liner means for said 
sleeve comprising successive cylindrical sections of bond 
ed carbon provided with a bore within which said rod has 
a sliding ?t, a ?uid collecting gland inserted between a 
pair of opposed ends of successive sections and having a 
?uid bleed port means connected thereto, and packing 
for said rod connection located outwardly of said gland 
at said warm end. 7 

10. In an immersion reciprocative plunger pump for 
delivering highly volatile lique?ed gas, a cylinder having 
a working chamber portion adapted to be mounted With 
in a supply tank of such liquid and an elongated sleeve 
portion ‘extending therefrom, a differential plunger hav 
ing an inner long portion of larger diameter operative in 
said working chamber and a long portion of smaller 
diameter extending outwardly through said sleeve, the 
outer end of the long portion being adapted for connec 
tion to means for reciprocating said differential plunger, 
said Working chamber portion being lined with succes 
sive cylindrical sections of solid self-lubricating material 
the bore thereof being of a size to provide a sliding ?t 
for the corresponding plunger portion, and a ?uid col 
lecting gland located between the opposed ends of a pair 
of said sections and having a bleed outlet adapted to lead 
to the interior of the tank the relation and proportions 
being such that the gland is at all times between the ends 
of the plunger portion of larger diameter during its 
reciprocation. 

ll. An apparatus according to claim 4 in which the 
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plunger portion of larger diameter has a length longer 
than the pumping stroke and which includes a vent 
through the wall of said working chamber located so 
that said vent is constantly covered by said plunger dur 
ing its working stroke, said vent being adapted to prevent 
?uid leakage along the plunger from the upper to the 
lower portion of the pumping chamber. 
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