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This invention relates to a pump for liquefied
gases,

This invention relates to apparatus for pump-
ing liquefied gases, as for example liquid air or
liquid oxygen, in the liquid condition.

In the preparation and use of certain liquids
having extremely low boiling points at atmos-
pheric pressure it is often highly economical and
desirable to transfer them from one point to an-
other in the liquid rather than in the gaseous con-
dition.

Tor example, it is now common practice to
store liquefied natural gas in large quantities, at
or near atmospheric pressure, in heavily insu-
lated tanks. Such liquefled gases have, on oc-
casion, to be transferred at a controlled rate to a
vaporizer wherein they are vaporized and super-
heated, under pressure, to a temperature suit-
able for delivery into g distribution system. The
use of & suitable liquid pump, as herein described,
is a simple and convenient means for effecting
such transfer.

It is also common practice to store oxygen 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 distribution. In such
cases the stored liquefied gas is usually at or near
atmospheric pressure while the conditions of use
or distribution may require that the gasified
liquid be at a very 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 fig-
ures in the latter,

In pumping liquids which, at normal atmos-
rheric pressure, boil at temperatures ranging
from 50° to 190° below centigrade zero, great dif-
ficulty is experienced in keeping a pump in opera-
tion. At these extremely low temperatures the
heat head between the atmosphere and the lquid
stream is so great that even the best of insulation
becomes relatively ineffective. In consequence,
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.

Again, when pumping against considerable
«. back pressure, the liquid is heated somewhat by
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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.

Further, the actuating end of the pump, the
end to which power is applied, is almost neces-
sarily in contact with the atmosphere and at a
temperature much higher than that of the lique-
fied gas, the metallic structure of the pump thus
transmitting atmospheric heat to the stream be-
ing pumped.

Finally, because of the impossibility of lubricat-
ing the plunger packing adequately, more or less
heat is produced by rod friction and added to the
atmospheric heat tending o raise the tempera-
ture of the stream at the suction end of the pump.

One remedy for these difficulties is found in
cooling the liquid stream below ifs boiling point
at the pressure existing in the pump cylinder
during the suction stroke, as described and

‘claimed in my copending application Serial No.

488,650, filed May 27, 1943. Another step to the
same end is to provide & pumping means in which
the transfer of either atmospheric or frictional
heat, by or through the pumping apparatus to the
Hquid, is reduced to the lowest possible amount.
The present invention is directed to the pro-
vision of such & pumping means.

The invention in its preferred form is illus-
trated in the attached drawings and the follow-
ing description thereof, in which:

Figs, 1—A and 1B, taken together, show a
longitudinal section through the complete assem-
bly: in these figures the left end of Fig. 1—A
mates with the right end of Fig. 1—B to show the

_complete pump.

Fig. 2 is a section taken on the line 2—2 of Fig.
1, showing the cooling gas inlet in section and the
pumping cylinder head in elevation,

Fig. 3 is a section through the pumping cylinder
as on the line 3—3 of Fig. 1.

Fig. 4 is a section through a thermal break,
lantern ring and leak tester as shown on the line
4—4 of Fig. 1, and

PFig. 5 Is a section through a franme extension
and & thermal break, as on the line 5—5 of Fig. 1.

Referring to the drawings, the pump illus-
trated is of the single acting plunger type, the
main working parts being a pump cylinder 10, a
plunger (i reciprocating therein, inlet and dis-
charge valves 12 and 13, a frame 14, a crosshead
15, a connecting rod 16, a crank 17 and any suit-
able type of prime mover indicated at 18."

As the types of prime mover and reducing gear
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by which power is applied are immaterial to the
invention they are not shown in detail, The valve
arrangements illustrated are such as would be
suitable In a pump horizontally disposed and
would be somewhat modified if a vertical ar-
rangement were preferred. i ‘

A head block 20 is fitted to the end of cylinder
10 and non-leakably attached to the cylinder
wall. A sleeve 21 is passed over the head block
(which is relieved as at 22, Fig. 2) to provide
passage for a cooling gas and carries a flange 23
at its outer end. The sleeve has a side outlet 24
for the cooling gas. Between the cylinder and
the sleeve is placed & spiral baflle 25 to cause the
gas to take a circultous course around the cylin-

- der and, by increasing its velocity, to increase the
rate of heat transfer. This bafile is heat-con-
ductively attached to the exterior of the cylinder
wall, thus providing an extended heat absorbing
and transfer surface. At its inner end the sleeve
-is made fast to a metallic ring 26 seated against
a shoulder 27 on the outer face of the cylinder.

The assembly above described, consisting of
elements 21 to 27 inclusive, forms a jacket for
effectively insulating the cylinder against inflow
of atmospheric heat. It is optional and may be
omitted if no supply of cooling gas is available,
some other form of insulation being substituted
in that case. )

Against sleeve ring 26 and fitting the smaller
external diameter of the cylinder is placed a
thick and relatively rigid disc 30 of a material
having a low order of heat conductivity, for ex-
ample, about 1 B. {. u. per hour per cubic foot
per degree F. or less, Material having the lowest
heat conductivity coupled with suficient strength
is, of course, preferable. Suitable materials are
hard rubber, Bakelite or other synthetic resins
or very hard woods such as lignum vitae. Some
of these materials have heat conductivities as
low as % B. t. u. per hour per cubic foot per
degree F, :

This disc is forced against the sleeve ring, which
in turn bears against shoulder 27, by a nut 3,
the threads engaged by this nut extending be-
yond it as at 32, At its outer edge the disc is
fastened by bolts 33 to a metallic extension piece
34 which in turn is rigidly attached to frame 4.
This extension piece is rélieved as at 35 to permit
access to nut 31 without dismounting the cylin-
der assembly,

A cylinder .extension 38 of material of Jow heat
conductivity, as above described, is screwed onto
projecting threads 32 and passes through frame
14, in which 1t is free to move longitudinally with-
in a sleeve 37 screwed into a collar 38 fixed in the
irame 4. This sleeve serves to support and align
the cylinder extension 3¢ while permitting the
travel required by expansion and contraction of
the cylinder and extension piece and which fol-
lows from temperature changes and stretch under
load. It is desirable to place a packing ring 38
at the inner end of the sleeve to prevent the
escape of gas through the slip joint between the
cylinder extension and the sleeve.

Returning now to the end of the cylinder ad-
Jjacent the valves, a working barrel 40 is perma-
nently fixed in the end of the cylinder, the bore
of this barrel being accurately centered and
aligned with, and affording sufficlent clearance
over, plunger ({ to avoid rubbing contact. The
plunger is held in alignment and centered in the
bore by a guide 42 which also acts as a spacer to
remove the plunger packing {o a considerable dis-
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tance from the working barrel and thus provide
a zone of quiescence 41,

This spacer may be of any desired material
capable of holding the rod in alignment and of
taking the end thrust of the packing. A pre-
ferred form is that shown in Fig. 1—B, in which
42 is a tube of stainless steel or other metal or
alloy of low heat conductivity and 43—43 are
bushings of leaded bronze or other metal having
a low coeficient of friction with the metal of the
plunger., Externally the tube should have a close
sliding fit within the cylinder while the bore of
each bushing should have g free sliding fit on the
plunger. At the end of the guide, against one
of the bushings 43, is placed the main plunger
packing 45, which may be of any type adapted
to the liquid to be pumped. This packing should

-bear on the phinger as lightly as is consistent with

tightness against leakage.

On top of the packing and in Heu of the usual
follower is placed a lantern ring 46 having an
internal circumferential channel 48, an external
circumferential channel 47 and a port or ports
49 connecting these channels, A radial bore 58
through the material of the disc and a tube 8§
Inserted in this bore permit any liquid or gas
which may pass the main packing &8 to escape
to the atmosphere. The tube being externally
in communication with the atmosphere, any
liquid passing the packing is vaporized and, if the
end of the tube be immersed in a body of liquid,
as illustrated at 52, the appearance of a train of
bubbles gives an instant indication of legkage
which might not otherwise be observed.

If preferred, a frictionless spinner may be
placed in a transparent extension of tube §l to
indicate visually the rate of gas flow, or a small

gas meter may be substituted for bubbling pot

52 and the packing tightened when the leakage
exceeds a permissible rate. It is not essential
that the leak tester discharge to the atmosphere:
on the contrary it may communicate with any
vesse] or condult in which the pressure is mate-
rially below the pressure existing in the pump
cylinder during the discharge stroke.

The plunger packing is tightened by means of
& nut 53 threaded onto sleeve 37 and engaging a
gland 54 which transmits the pressure to the lan-
tern ring and through it to the packing, by the
agency of s spacer 85. This element consists of
8 tube, preferably of stainless steel or other metal
or alloy of low heat conductivity, provided at its
ends with thrust collars §6—356.

In order to ensure that all leakage through the
main packing escapes through tube 51, it is de-
sirable that gland 54 be provided with a box for
secondary packing 62, which bears against a
bushing 87 locked within gland 54, Packing 62
is adjusted by a threaded gland 58. This sec-
ondary packing is further desirable as preventing
the chilling of the protruding portion of plunger
{1 by leakage gas and the consequent deposition
of atmospheric moisture or frost at this point.

The plunger If is preferably formed of 18/8
stalnless steel or other metal or alloy of low heat
conductivity. It may also and desirably be drilled
out for a portion of its length, as at 61, to reduce
its cross section and its ability to transfer heat
from the warm end to the cold end of the pump.

A convenient means for attaching the plunger
to the crosshead 18 is shown in Pig. 1-—A, In which
§8 is a nut threadeq onto the end of the plunger

and €0 a hollow cap nut engaging the threaded -

end of the crosshead. This construction permits
the assembly and packing of the pump with the
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attaching means disconnected, so that the align-
ment and position of the plunger are not affected
by the position of the crosshead, The connec-
tion may thus be eflected subsequently to the as-
sembling and packing operations.

The pump structure above described has ma-
terial advantages  over conventional plunger
pumps in handling liquids of extreme volatility,
which boil at very low temperatures., The more
important of these advantages are found in the
following elements of structure:

(1) In the provision of a cold gas jacket sur-
rounding the working barrel of the pump, by
which the direct flow of heat into the cylinder
from the surrounding atmosphere is prevented.

No matter how effective a static insulation, such
as that afforded by cork or wool, may be, some
heat will pass through it. Where the heat head
is so great as in the pumping of liquefied gases,
this direct heat flow may be a highly material
- amount.

The cooling jacket with' provision for passing a
refrigerating gas through it provides dynamic in-
sulation which may be so regulated as to absorb
and carry away a part or all of the heat passing
through the mass of static insulation surround-
ing it, according to the temperature and the flow
rate of the gas stream passed through the jacket.

(2) In the insulation of the cylinder from the
metal of the frame by the provision of a sub-
stantially non-conductive connecting element
such as disc 30, which reduces to an insignificant
value the flow to the cylinder of atmospheric heat
taken up by the frame, and of heat generated by
friction in the actuating mechanism, while af-
fording a suficiently rigid support for the cylin-
der.

(3) In the insulation of the cylinder from the
metal of the crosshead and frame by the provi-
sion of the substantially non-conductive cylinder
extension 36, which prevents heat drawn from
the atmosphere or generated in the actuating
mechanism from entering the cylinder by way of
the packing nut and gland.

(4) In reducing the cross-sectional area of the
plunger by drilling out as at 6! and by the use
of a metal or alloy of low heat conductivity for
the plunger.

Because of the substantial insulation of the
cylinder from the warm end of the pump, the only
road by which any material amount of heat may
enter the cold end is along the plunger itself,
therefore, this last provision reduces the heat
input to the cylinder from the warm end to a very
minute quantity.

The effective insulation of the warm end from
the cold end of the pump not only minimizes the
possibility of gasification of the liquid being

~ pumped but also maintains the warm or actuat-
ing end at the relatively elevated temperature at
which it may be lubricated properly and at which
the condensation of moisture and the formation
of frost on the frame and actuating elements are
avoided.

(5) In the provision of a quiescent body of liq-
uid at 41, within the cylinder and between the
working barrel and the packing, together with
the provision of the cooling jacket surrounding
this liquid body.

Packing friction may be minimized but cannot
wholly be avoided. This friction results in heat,
generated within the cylinder and which may be
removed only through the cylinder wall.

The provision of this relatively long and nar-
row Jacketed space not only increases the cylin-
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der wall area avallable for the transfer of heat to
the cooling gas in the jacket but also removes the -
point at which gas may be evolved during the
suction stroke to a long distance from the working
‘barrel and the valves,

Heat produced by packing friction is t{rans-
mitted to the annular column of liquid surround-
ing the plunger from that poriion of the length
of the plunger which reciprocates into and out of
the packing. The plunger is made from a metal
having low heat conductivity, such, e. g., as stain-
less steel, so as to reduce heat flow along its length
{0 a very small factor. During the suction stroke
the pressure within the working barrel and on the
suction valve falls to or even below atmospheric
and, lacking any means of restraint, a similar
reduction would occur in space 4 and the heat
available in that portion of the plunger adjacent
the packing would tend to cause evolution of gas
within this space and correspondingly to reduce
the amount of liquid drawn into the working
barrel.

In the structure shown, as the guide bushings
43 are closely fitted to the plunger, only a minute
quantity of liquid may be displaced out of zone
4{ during the limited duration of the suction
stroke and the liquid in this Zone is maintained
constantly at a pressure materially above that
reached in the working barrel during the suction
stroke and at a pressure at which the evolution
of gas and the consequent shori-stroking of the
pump are substantially or, in most cases, wholly
avoided.

The concomitant use of the cooling jacket is
essential to the above function as the heat pro-
duced by packing friction must be withdrawn at
the same rate as that at which it is generated.
The provision of the quiescent liquid body, re--
strained from rapid flow into the working barrel,
permits this heat to be withdrawn at a higher
temperature level and therefore at a more rapid
rate.

(6) In the interposition of the spacer 55, of
Jow heat conductivity, between the main packing
45 and the gland 54, by which the portion of the
plunger in contact with the Hquid being pumped
is removed to & considerable distance from the
portion of the plunger which comes into contact
with the atmosphere.

(D In the provision of lantern ring 46 and an
outlet 50 for the escape of packing leakage, to-
gether with the use of secondary packing 62.
This is not merely a convenient means for mo-
mentarily ascertaining the condition of the
plunger packing but, and of much greater im-
port, it is & means for reducing packing friction
by permitting a relatively light adjustment of t.he
main packing.

In a pump of this type, having a rod-hke
plunger, packing leakage may be reduced to very
low terms by a relatively light compression of a
suitable soft packing, but to eliminate leakage
entirely requires much greater compression and
involves correspondingly increased friction and
heat evolution.

Packing leakage of these extremely volatile
liquids comes to s very low temperature on reduc-
tion to atmospheric pressure and, if permitted to
follow the plunger through the main packing
nut, will cool the plunger to such extent that it
becomes coated with ice. This may readily accu-

- mulate to the point at which the operation of the

5

pump is interrupied, but even in milder cases the
ice glaze becomes roughened and is exiremely
destructive to packing,
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It therefore becomes necessary, in the use of
the conventional packing arrangements, to oper-
ate with the packing tight enough to avold leak-
age completely, not to save an immaterial loss
of gas but rather to prevent the icing of the
plunger. Cooling of the plunger even to the point
at which atmospheric moisture is deposited but
not frozen is objectionable, as such deposited
moisture is carried back into the gland and Iater,
during periods of pump shut-down, when packing
friction is absent, the part of the plunger within
the gland may become cold enough to freeze this
moisture, thus effectively uniting the plunger and
the gland. ’

In detouring the leakage out of the structure:

through the lantern ring and vent, and in sepa-
rating the lantern ring from the secondary pack-
ing by spacer 55, that portion of the plunger
which works within the main packing and which
is cold is kept entirely away from contact with
the atmosphere and consequently free from any
possibility of ice accumulation, while that portion
of the plunger reciprocating within the secondary
packing is maintained at or close to atmospheric
temperature and consequently free from anhy
tendency to condense moisture from the air.

(8) In the provision of a slip joint between cyl-
inder extension 36 and alignment sleeve 31. The
use of materials of very low heat conductivity in
the cylinder extension and in disc 30 is one of the
most important features of the invention. These
materials, however, are deficlent in rigidity and
the disc in particular will deflect appreciably
unless made so massive that a material part of
its Insulating value is lost. The provision of the
slip joint absorbs all longitudinal movements due
to deflection of the disc and to endwise expan-
sion of the cylinder extension under high-pres-
sure pumping stresses and thus permits the use
of the minimum mass of Bakelite or its equiva-
lent consistent with maintenarice of alignment of
cylinder extension, eylinder ang plunger. ’

Pumps constructed according to the principles
above set forth have proven in practice to be
completely dependable and have operated over
extended periods without icing, short-stroking or
gas-locking and without mechaniecal trouble of
any character. ,

From the above it will be seen that the pump
herein shown and described is admirably suited
for the pumping of liquid oxygen in accordance
with the method deseribed in my copending ap-
plication Serial No. 488,650, filed May 27, 1943.
In using my pump in the apparatus shown in my
copending application, the pump would prefer-
ably be refrigerated by the gaseous product nitro-~
gen from the fractionating tower or column.

A suitable source of supply of refrigerating fluid
is illustrated in Fig. 1—B in which 62 may be any
air fractionating column, supplied at 63 with
compressed refrigerated air and delivering at
least 2 part of its final product of gaseous nitro-
gen through conduit 64 to the cooling gas passage
terminating at flange 23. The liquid oXygen pro-
duced by the column may flow through conduit
65 to the intake valve 12 of the pump.

I claim:

1. In a pump for highly volatile liquids com-
prising intake and discharge valves, a cylinder
and a plunger reciprocating therein, the diameter
of said plunger being materially less than the
internal diameter of said cylinder, and packing
surrounding said plunger within said cylinder: a
working barrel fixed in said cylinder adjacent
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ing from sald working barrel to provide a longi-
tudinally extended annular open space bhetween
sald plunger and sald cylinder: means for re-
stricting the flow of liquid between said working
barrel and said annular space, and means for
refrigerating at least the portion of said cylinder
surrounding said annular space,

2. Apparatus substantially as in claim 1, in
which said refrigerating means consists of a
source of supply of gas at low subatmospheric
temperature, & jacket surrounding said ‘cylinder
and means for passing said cold gas through said
Jacket, .

3. In a reciprocating plunger pump for highly
volatile liquids: means for removing heat gen-
erated by friction between said plunger and its
packing, comprising, a body of liquid; means for
maintaining said lquid body in substantial im-
mobility within the cylinder of said pump in such
position as to contact the surface of the plunger
as it emerges from the packing during the pump-
ing stroke; a jacket surrounding the pump cylin-
der adjacent the part of said cylinder enclosing
sald liquid body, and means for passing a stream
of refrigerant through sald jacket,

4. In g pump for pumping liquids at low sub-
atmospheric temperatures, sald pump comprising
a cylinder, a plunger reciprocating therein and
extending outwardly into a zone of substantially
atmospheric temperature, packing between said
cylinder and said plunger: a confined, substan-
tially quiescent, insulating body of gas evolved

. from the liquid being pumped, said body sur-
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rounding said plunger outwardly of said packing,
and means for maintaining said gas body at a
pressure below the maximum pressure existing in
sald cylinder.

5. In a pump for highly volatile liquids, com-
prising intake and discharge valves, a cylinder -
and a plunger reciprocating therein, the diameter
of said plunger being uniform throughout its
working length and being materially less than -
the internal diameter of said cylinder, and pack-
ing surrounding said plunger within said cylin-
der: a working barrel fixed in said cylinder adja-
cent sald valves, and means for widely spacing
said packing from said working barrel to provide
a relatively long and narrow, substantially sealed
annular space of unvarying length between sald
plunger and said cylinder and between said pack-
ing and said working barrel.

6. In 8 pump for highly volatile liquids, com-
prising intake and discharge valves, g cylinder
and a plunger reciprocating therein, the diameter
of said plunger being materially less than the
internal diameter of said cylinder, and packing
surrounding said plunger within said cylinder:
a working barrel fixed in said cylinder adjacent
sald valves, the bore of said barrel slightly ex-
ceeding the diameter of said plunger; and means
for widely spacing said packing from said work-
ing barrel to provide a longitudinally extended
annular space, sald means including & tube within
said cylinder and a guide ring affixed to each end
of said tube, the guide ring adjacent said working
barrel being so formed as to leave only a minute
opening for the passage of pumped liquid out of
and into said space.

7. In & pump for highly volatile liquids com-
prising a cylinder and a plunger reciprocating
therein, a working barrel and valves Bxed in said
cylinder adjacent one end thereof and plunger
packing located in said cylinder toward the other
end thereof: means for restricting the flow of

said valves; means for widely spacing said pack- 76 heat from sald packing to said barrel, comprising,
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& body of the liquid being pumped, and means
for maintaining said liquid body in relative im-
mobility intermediate saild packing and sald
barrel.

8. In & reciprocating plunger pump for highly
volatile liquids: means for isolating the plunger
packing from thermal contact with the stream
of liquid being pumped comprising a constant-
volume body of liquid identical in composition
with the liquid being pumped, and means for
maintaining said liquid in substantial immobility
within the cylinder of said pump and intermediate
said packing and said stream of liquid.

9. A pump for highly volatile liquids compris-
ing a working barrel, a plunger reciprocating
thereln, a plunger packing surrounding said
plunger and spaced from said working barrel, a
chamber surrounding said plunger and positioned
between the working barrel and said packing,
a body of the Hquid being pumped in said cham-
ber, and a restricted communication between the
sald chamber and the working barrel whereby
the body of liquid in said chamber is maintained
- relatively immobile, said body of lquid, serving
to restrict the flow of heat from said packing to
said barrel.

10. A pump for highly volatile liquids compris-
Ing a cylinder, s working barrel located in said cyl-
inder adjacent one end thereof and plunger pack-
Ing located In said eylinder toward the other end
thereof and spaced from said working barrel, a
plunger reciprocating in said working barrel and
packing, said plunger having s smaller outside
diameter than the inside diameter of said cylinder,
8 chamber within said cylinder and located be-
tween the working barrel and the packing, spac-

_ing means in said chamber for maintaining said
packing in spaced relation with said working
barrel, & restricted communication between the
Inside of said working barrel and said chamber
whereby a body of the liquid being pumped is
maintained relatively immobile in said chamber
and said body of liquid acts to restrict the flow
of heat from said packing to said barrel.

11. A pump for highly volatile liquids com-
prising g cylinder, a working barrel located in
sald cylinder adjacent one end thereof and plung-
er packing located in said cylinder toward the
other end thereof and spaced from said working
barrel, a plunger reciprocating in said working
barre] and packing, said plunger having & smaller
outside diameter than the inside diameter of said
cylinder, a chamber within said cylinder and
located between the working barrel and the pack-
ing, guide bushings having a close sliding fit with
said plunger and positioned at opposite ends of
sald chamber whereby a body of the liquid being
pumped is established in said chamber and main-
tained relatively immobile, said body of liquid
serving to restrict the flow of heat from said pack-
ing to said barrel.

12. In combination with g reciprocating pump
“having a plunger and handling g liquid at a tem-

perature near its boiling point at the minimum -

pressure occurring within the pump chamber dur-
ing the pumping cycle, means for avoiding vapor-
-lock, comprising: means for maintaining a body
of the pumped liquid surrounding and in contact
with a portion of the length of sald plunger ex-
terior to said pump chamber, and means for cool-
ing said liquid body by heat interchange against

a stream of fluid colder than the Haquid in said

body.
13. In combination with g pump having a
packed reciprocating plunger, means for reducing
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the amount of frictional packing heat imparted
to the stream of pumped liquid, comprising:
means for maintaining a substantially static body
of the pumped liquid surrounding and In contact
with that portion of the plunger which recipro-
cates Into and out of the packing, and means
for continuously withdrawing from said lquid
body heat transmitted thereto from said plunger,
whereby said transmitted heat is ‘substantially
excluded from said pumped stream. .

14. In combination with s reciprocating plung-
er pump handling liquid oxygen, means for pre-
venting vapor-lock, comprising: means for main-
taining & substantially static body of liquid 0Xy-
gen surrounding and in contact with a portion
of the length of said plunger, and means for cool-
ing said liquid body by heat interchange against
a colder stream of a vapor rich in nitrogen.

15. In combination with a reciprocating plung-
er pump handling liquid oxygen at a temperature
near its boiling point at the minimum pressure
occurring within the pump chamber during the
pumping cycle, means for preventing vapor-lock,
comprising: means for maintaining s, substan- -
tlally static body of liquid oxygen surrounding
and in contact with a portion of the length of said
plunger, and means for cooling said liquid body
by heat interchange against a colder stream of
& vapor rich in nitrogen. ’

16. In combination with a pump adapted to
the pumping of a stream of volatile lquid at a
relatively low temperature and having a recipro-
cating plunger of which one end is immersed in
sald stream and the other end extends into g
zone of relatively high temperature: meang for
cooling said plunger and thereby retarding heat
flow into said pumped stream, said cooling means
comprising a substantially static body of the
pumped liquid interposed between said pumped
stream and said zone of high temperature, and-
a cooling medium in heat exchange relation with
sald substantially static body. ’

17. In a pump for volatile liquids having g
pumping chamber, plunger packing and a plung-
er reciprocating within said chamber and said
packing: a substantially static body of liquid .
bathing said plunger between said chamber and
said packing, and means for withdrawing heat
from said body of liquid.

18. In combination with g reciprocating pump
having a plunger and plunger packing and adapt-
ed to handle liquefied gases, means for cooling
sald plunger, comprising: a jacket surrounding

. the cylinder of said pump; means for passing a
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relatively cold fluid through said Jacket, and a
spacing element interposed between the plunger
packing and the working barrel of said pump to
provide a liquid-retaining space around said
plunger, said space being in sufficient communi-
cation with the working barrel of said pump to
cause said space to remain constantly filled with
the liquid belng pumped, said Hquid transmitting
heat from said plunger to the wall of said cylinder

.and thence to said cold fluid.

19. A pump for lquefied gases comprising a
working barrel; a plunger of less diameter than
said barrel reciprocating therein; a packing ele-
ment surrounding said plunger, and means for
removing heat from said plunger, said means
comprising: & jacket surrounding the pumping
end of said pump; means for passing a relatively
cold gas continuously through said jacket, and
means interposed between said working barrel and
sald packing to form an enclosure of space
around said plunger, said space being in sufficient
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communication with said working barrel to per-
mit passage of the pumped liquid thereinto.

20. In a pump for highly volatile liquids having
& pumping cylinder: means for supplying said
cylinder with s liquid boiling at low subatmos-
pheric temperature; a source of supply of a re-
frigerating medium at a temperature below the
boiling point of said liquid; a substantially tubular
Jacket surrounding and spaced from sald cylin-
der; means for passing said refiigerating medium
through said jacket, and a helical baffle within
- said Jacket for directing sald medium circuitously

- and at enhanced velocity around the exterior of
sald cylinder.

21. In g pump for highly volatlle liquids having
a pumping cylinder: means for supplying said
cylinder with a liquid boiling at low subatmos-
- pheric temperature; a source of supply of a re-
frigerating medium at a temperature below the
boiling point of said Hquid; & jacket surrounding
and spaced from said cylinder; means for passing
sald refrigerating medium through said jacket,
and a fin-like bafie heat-conductively attached
to the wall of sald cylinder and projected into
sald jacket.

22, In a pump for highly volatile liquids having
a cylinder and s plunger separated by an annular

space and means for maintaining a substantially
static body of the pumped liquid within said
space; means for excluding atmospheric heat from
said liquid body comprising a jacket surrounding
and spaced from said cylinder; a source of supply
of a gaseous refrigerant at a temperature below
the boiling point of the pumped Hquid, and means
- for passing said refrigerant through said jacket.
: 23. In & pump for highly volatile Hquids having
& cylinder and a plunger separated by an annular
space and means for maintaining a body of the
pumped Hquid within said space: means for ex-
cluding atmospheric heat from said Hquid body
comprising a jacket surrounding and spaced from
sald cylinder; a source of supply of a gaseous
- refrigerant at a temperature below the boiling
point of the pumped liquid; means for passing
said refrigerant through sald jacket at high veloc-
ity, and baffling means within said jacket for
enhancing the withdrawal of heat from said
Jacket by said refrigerant. |

24, In a reciprocating pump having a plunger
and handling a liquefied gas, means for avoiding
vapor-lock, comprising: means for maintaining
a body of the pumped liguid surrounding and in
contact with a portion of the length of said plung-
er, and means for cooling said Hquid body by
heat interchange against a stream of fluid colder
than the lquid in said body.

25. In combination with a pump hsving a
packed reciprocating plunger, means for reducing
the amount of frictional packing heat imparted
to the stream of pumped. liquid, comprising:
means for maintaining a body of liguid oxygen
surrounding and in contact with that portion of
the plunger which reciprocates into and out of
sald packing, said body of liquid oxygen being
substantially segregated from the stream of
pumped liquid, and means for continuously with-
drawing from said body of liquid heat transmitted
thereto by said plunger, by heat interchange
against a stream of a colder vapor rich in nitrogen.

26. In combination with a pump adapied to
the pumping of a stream of llquid oxygen at a
relatively low temperature and having a recipro-
cating plunger of which one end is immersed in
sald stream and the other end extends into a
zone of relatively high temperature; means for
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cooling said plunger and for thercby retarding
heat flow into said pumped stream comprising
a substantially static body of liquid oxygen in-
terposed between said pumped stream and said
zone of high temperature, and a cooler stream
of vapor rich in nitrogen in heat interchange
relation with said substantially static liquid body.

27. In a pump for liquefied gases having a
cold end including a pumping cylinder, a warm
end including plunger-actuating means and a
metallic plunger extending from said cold end
to sald warm end: means for substantially pre-
venting the deposition of atmospheric moisture’
on the warm end of sald plunger, comprising:
thermal insulating means interposed between said
actuating means and said cylinder; an extension
from said cylinder toward said warm end, said
extension shielding said plunger from the atmos-
phere and being formed of thermally insulating
material; means for directing packing leakage
away from said plunger including primary pack- -
Ing around said plunger on the cold side of said
cylinder extension, secondary packing around said
plunger at the warm end of said cylinder exten-
sion, a spacer of material of low heat conductivity
interposed between said packings, a vent to the

atmosphere between sald primary packing and

said spacer, and means for restricting the flow
of heat along said plunger consisting in forming
said plunger of metal of low heat conductivity
and in reduced cross section in at least its out-
wardly projecting portion. )

28. In a pump for liquefied gases having a cold
end including a pumping cylinder, a warm end
including plunger-actuating means, and a metal-
lic plunger extending from said cold end to said
warm end: means for substantially preventing
the deposition of atmospheric moisture on the
warm end of sald plunger including a stationary

40 body of heat-flow retarding material interposed
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between sald actuating means and said cylinder.

29. In a pump for liquefied gases having a cold
end including a pumping cylinder, a warm end
including plunger-actuating means and a metallic
plunger extending from said cold end to said
warm end: means for substantially preventing
the deposition of atmospheric moisture on the
warm end of said plunger, comprising: thermal
insulating means interposed between said actuat-
ing means,and said cylinder; an exfension from
sald cylinder toward said warm end, said exten-
sion shielding said plunger from the atmosphere
and being formed of thermally’insulating ma-
terial; means for directing packing leakage away
from said plunger including primary packing
around said plunger on the cold side of said
cylinder extension, secondary packing around said
plunger at- the warm end of said cylinder ex-
tension and spaced from sald primary packing,
a vent to the atmosphere between said primary
packing and sald secondary packing, and means
for restricting the flow of heat along said plunger
consisting in forming said plunger of metal of
low heat eonductivity and in reduced cross sec-
tion in at least its outwardly projecting portion.

30. In a pump for highly volatile liquids com-
prising a pumping cylinder located in a cold
zone, a plunger reciprocating therein and ex-
tending into = relatively warm zone, and a pro-
jection of said cylinder located in said warm
zone: connecting means interposed between said
cylinder and said projection, said connecting
means being formed of material of low thermal
conductivity.

31. In a lquid pump having a pumpmg cylinder



2,480,987

13 :
located In a cold zone and actuating mesns lo-
cated in a relatively warm zone: an extension of
sald cylinder projected toward said actusting
means and into said warm zone, said extension
being formed of material of low thermal con-
ductivity.

32. In & pump for highly volatile liquids com-
prisir.g & pumping cylinder, a plunger reciprocat-
ing therein and means for actuating said plung-
er: means for rigidly positioning said cylinder
with respect to sald actuating means, said posi-
" tioning means including elements having a ther-
mal conductivity materially less than that of
the metal of which the pump is composed, inter-
posed between said cylinder and said actuating
means.

33.Ina pump for highly volatile liquids having
a cold end comprising. a pumping cylinder and
& plunger reciprocating therein and a warm end
comprising actuating means for said plunger and
means for positioning said cylinder with respect
to sald actuating means: heat insulating elements
having a thermal conductivity materially less
than that of the material of which said position-
ing means is composed, interposed between said
cylinder and said positioning means.

34. In 3 liquid pump having a pumping cylinder
located in a cold zone, a plunger reciprocating
therein and extending into a relatively warm
zone, plunger packing, and a stuffing box and
plunger packing nut located in said warm zone:
a thermal insulating section operatively connect-
ing said cylinder with said stuffing box.

35. In a pump for highly volatile liguids having
a cold end comprising 2 pumping cylinder and
a plunger reciprocating therein and a2 warm end
comprising actuating means for said plunger:
heat insilating elements so arranged between said
warm end and said cold end as substantially to
restrict the flow of heat from said warm end to
said cold end, said insulating elements being
of material substantially less heat conductive
than the materials of which said actuating means
are composed.

36. In a pump for highly volatile liquids com-
prising & pumping cylinder, a plunger recipro-
cating therein, actuating means for said plunger
and a frame supporting said actuating means: a
cylindrical metallic element projected from said
frame, a disc of solid material of low heat con-
ductivity secured to the end of said element, said
disc being perforated to receive an end of said
cylinder, and means on said cylinder for clamp-
ing said cylinder within said perforation.

37. In a pump for highly volatile liquids com-
prising & pumping cylinder, a plunger recipro-
cating therein, means for actuating said plunger
and means for positioning said cylinder with re-
spect to said actuating means: an extension of
said cylinder toward said actuating means, said
extension being formed of material of low heat
conductivity and being co-axial with said cylinder.

38. In a pump for highly volatile Hquids com-
prising a pumping cylinder, a plunger recipro-
cating therein, means for actuating said plunger,
a frame supporting said actuating means and
means for positioning said cylinder with respect
to said frame: g sleeve mounted in said frame
and co-axial with said cylinder, and an extension
from said cylinder passing slidably through said
sleeve, said extension being formed of material
of low heat conductivity.

39. In'a pump for highly volatile liguids com-
prising & pumping cylinder, a plunger reciprocat-

14
within said cylinder, meang for actuating sald
plunger, a frame supporting said actuating means
and means for positioning said cylinder with re-
spect to said frame: an extension of said cylinder
formed of material of low heat conductivity and
passing through an opening in said frame, a

- sleeve mounted in sald opening surrounding and -
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aligning said extension, and means mounted on
the end of said sleeve for applying pressure to
said packing.

40. In a pump for highly volatile Hquids having
8 cold end .comprising g pumping cylinder and
a plunger reciprocating therein and a warm end
comprising actuating means for said plunger:-
heat insulating elements interposed between the
warm end and the cold end of said pump, said
elements being composed of materials having a
heat conductivity not exceeding 1 B. 1. u. per
hour per square foot per, degree P. per lineal foot.

41. In a pump for highly volatile liquids having
a cold end comprising & pumping cylinder and
8 plunger reciprocating therein and a warm end
comprising actuating means for said plunger:
heat insulating means interposed between said
warm end and said cold end for minimizing the
flow of heat into said cold end, together with
means for refrigerating said cold end. <

42. In a pump for highly volatile liquids having
a cold end comprising a pumping cylinder and
a warm end comprising plunger-actuating means:
means for restricting the flow of heat from said
warm end to-sald cold end comprising a plunger
reciprocating in said cylinder, said plunger hav-
ing its cross-sectional area reduced for at least
a part of its length, and thermal insulating ele-
ments interposed between said cylinder and said
actuating means, said elements forming part of
the means by which said actuating means is posi-

- tioned with respect to said cylinder.

43. In a pump for highly volatile liquids having
a cold end comprising a pumping cylinder and a
warm end comprising plunger-actuating means:
means for restricting the flow of heat from said
warm end to said cold end comprising a plunger
reciprocating in said cylinder, said plunger hav-
ing its cross-sectional area reduced for a part of
its length by hollowing out the outwardly extend-
ing portion thereof, and thermal insulating ele-
ments interposed between said cylinder and said
actuating means, said elements forming part of
the means by which sald actuating means is posi-
tioned with respect to said cylinder.

44. In a pump for highly volatile liquids having
a cold end comprising a pumping cylinder and a
warm end comprising plunger-actuating means:
means for restricting the flow of heat from said
warm end to said cold end comprising a partially
hollow plunger reciprocating in said cylinder and
thermal insulating elements forming part of the
connection between said cylinder and said actuat-
ing means.

45. In a pump for highly volatile liquids com-
prising a pumping cylinder, a plunger recipro-
cating therein, actuating means for said plunger
and a frame supporting said actuating means:
& projection from said frame rigidly positioning
said cylinder with respect to said actuating means,
and a thermally insulating element interposed
in said positioning means, said element having a
thermal conductivity materially less than that of
the material of which the remainder of said posi-
tioning means is composed.

46. In a pump for highly volatile liquids com-
prising a pumping cylinder located in a cold zone,

ing therein, packing surrounding said plunger 76 a plunger reciprocafing therein and extending
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into a relatively warm zone, packing between said
cylinder and said plunger, and packing adjusting
means located in sald warm zone: an element
operatively connecting said cylinder with said
packing adjusting means, said element bheing
formed for at least part of is length of material
of low thermal conductivity.

47. In a pump for highly volatile liquids having
pumping elements and actuating eloments:
means for restricting the flow of heat into said
liquids comprising thermal insulation surrounding
sald pumping elements and structural elements
thermally insulating said pumping elements from
said actuating elements, said structural elements
* being of material substantially less heat conduc-
tive than the materials of which said actuating
elements are composed.

48. In a liquid pump having a pumping cylinder
and g plunger, packing between said cylinder and
said plunger, a packing adjusting assembly spaced
from said cylinder and supporting means posi-
tioning said assembly with respect to said cylin-
der: a longitudinally slidable connection between
said cylinder and sald assembly whereby relative
movement may occur without placing a stress on
said supporting means. e .

49. In a lquid pump having a pumping cylin-
der, a plunger, plunger packing within said cylin-
der, & packing adjusting assembly spaced from
sald cylinder and supporting means positioning
said assembly with respect to said cylinder: a
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lungiiudinsily siidable, gas-tight, thermally in-
sulating coonection between szid cylinder and
said assembly, whereby relative movement may
occur without placing a stress on said supporting
means.

59. In combination with a pump adapted to
the pumping of a stream of volatile liquid at a
relatively low temperature and having a recipro-
cating plunger of which one end is immersed in
sald stream and the other end extends into a
zone of relatively high temperature: means for
cooling said plunger and for thereby reducing the

‘flow of heat into said pumped stream, said cool-

ing means being interposed between said pumped
stream and said zone of high temperature and
being at a temperature below that of said stream.

CARL R. ANDERSON.
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