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This invention relates generally to two-stage fluid com- 1

pressing devices, and more particularly is directed to fluid
compressing devices of theé type in which a structure de-
fining an inner chamber is contained within an outer
chamber so as to be subjected to a basic pressure ‘in the
outer chamber and thereby permit the production of a
high pressure in the inner chamber with: reduced stress-
ing of the structure defining the latter.

The existing two-stage fluid compressing devices are
disadvantageous in that the inner chambers thereof can
only be of small volume and there is no possibility of
feeding electrical energy into the inner chambers for the
performance of electromagnetic operations therein. TFur-
ther, the existing devices of the described character do
not permit the independent control of the pressures de-
veloped in the inner and outer chambers.

Accordingly, it is an object -of this invention to pro-
vide two-stage fluid compressing devices which avoid the
above disadvantages of existing devices and are capable
of producing very high pressures, of the order of several
ten thousand atmospheres in true fluids having low viscos-
ity, whether in the form of gases or liquids:

According to an aspect of ‘the invention, there is pro-
vided an outer cylinder defining an outer chamber closed
at one end and open at the other end and an inner cylinder
defining an inner chamber and housed entirely and coaxi-
ally within the outer cylinder, with one end of the inner
cylinder being closed and rigidly secured to the closed
end of the outer cylinder and with the other end of the
inner cylinder opening into the outer chamber and being
spaced axially inward from the open end of the outer
cylinder. The inner cylinder is ‘furthermore - provided
with a transverse port located near its open end for com-
municating- the inner chamber with the -outer chamber.
The fluid compressing ‘device further comprises an inner
piston slidable through the open end of the inner cylin-
der, means for feeding a precompressed fluid and open-
ing into the outer cylinder at a point near the open end
of the latter and an outer piston slidable through the open
end of the outer cylinder and facing the outer end of the
inner piston. The device is controlled by hydraulically
actuated means adapted to urge the outer piston axially
into the outer cylinder so as to successively close the
means feeding the precompressed flnid, further compress
the precompressed fluid in the inner and outer chambers
and finally urge the inner piston into the inner cylinder
to make the inner piston close the transverse port con-
necting the two chambers and thereafter compress the
fluid isolated in the inner chamber to a pressure rising
considerably above ‘that prevailing in the outer chamber.

Very high pressures, for example, as high as 65,000
atmospheres, can be attained in the above device em-
bodying the invention while electromagnetic operations
may be performed inside the inner chamber which may
even be equipped with an electric furnace. This becomes
possible by reason of the fact that the wall of the inner
cylinder is subjected only to the difference between the
high basic pressure in the outer chamber, say 20,000
atmospheres, and the very high pressure in the inner
chamber, say 60,000 atmospheres.. Further, the cylin-
ders may be merely formed of annealed steel.

Other features of the devices embodying the invention
permit adjustment of ‘the pressure at which the inner
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piston providing the very high compression begins op-
erating, separation of the fraction of fluid compressed in’
the inner cylinder from that which is subjected to the
basic pressure in the outer cylinder, and maintenance of
the fluid contained in the inner chamber at a temperature
such that it cannot become solid under the highest pres-
sures obtained.

The above, and other objects, advantages and features
of the invention will be apparent in the following detailed

0 description of illustrative embodiments which is to be

read in connection with the accompanying drawings,
wherein:

FIG. 1 is an axial sectional view which is partly dia-
grammatic- and shows an embodiment of this invention;
FIG. 2 is an axial sectional view of a modification of

the two compression chambers on a larger scale; and

FIG. 3 is a further enlarged, fragmentary sectional
view showing the arrangement of electrical conductors in
the upper portion of the device,

Referring to FIG. 1 in detail, it will be seen that the
device embodying this invention, as there shown, gen-
erally comprises an outer cylinder 3 located between
plates 1 and 2 constituting parts of coaxial hydraulic
presses P; and P, and being rigidly connected to each
other, for instance through the uprights 9, or other suit-
able connecting frame. An inner or hypercompression
cylinder 17 is positioned inside a liner or body 3’ within
the outer cylinder 3. The cylinder 17 forms the second
compression stage of the apparatus.

The pressure P within the inner hypercompression cyl-
inder 17 is produced by a piston 24 which is acted upon
by a piston rod 25.

The liner or bedy 3’ within outer cylinder 3 is of high
strength steel and over said body are fitted at raised tem-
perature one or more successive coaxial hoops 3", so as
to give the compound tube thus constituted, a maximum
resistance against internal pressure by reason of the pro-
duction of negative preliminary stresses inside the body 3'.

The outer cylinder 3 is closed at one end by a stationary
plug -7 having a very high mechanical resistance, and
which is also constituted by a hooped body. The plug 7
is secured in position by a head 6, while the other end of
cylinder 3 slidably receives a movable piston 8. The plug
7 and piston 8 are fitted with suitable fluidtight packings
of a conventional type. = The movable piston 8 is adapted
to be shifted by the piston rod 15 sliding inside the cylin-
der 3 and actuated in its turn by the piston 16 of the lower
hydraulic press Ps.

The outer cylinder 3 is rigidly connected with the plate
1, for instance by clamping members 4 and 5 which are
bolted to the plate 1 and which engage the head 6 securing
the plug 7 closing the outer cylinder 3. The size and
shape of the head 6 are selected so as to transmit the
thrust exerted by the pressure against the plug 7 to the
press plate 1-while reducing to a minimum the stresses per
unit of surface to which the bearings are subjected.

It will be noted that, since the thrust exerted on the
plug 7 is transmitted by the head 6 to the plate 1 of the
upper press, the thread through which the head 6 is en-
gaged with the outer cylinder 3 is subjected only to the
reaction due to the basic pressure Ps acting on the annular
surface registering with the packing 58 having a reduced
cross-section.

The plug 7 (FIG. 3) further has a number of axial
passageways 52 through which extend electrical conduc-
tors provided for the feed of current as may be required
by electrical operations to be performed in the inner cham-
ber defined by the inner cylinder 17. A central axial
bore 7’ of the plug 7 slidably receives a movable auxiliary:
piston 16 adapted to be shifted by a plunger 11 secured
to the plunger piston 13 of the upper hydraulic press P

The piston 13 includes two sections of different diam-
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eters, and ifs larger diameter section slides inside the cylin-
der 2 of the upper press P; while its smaller diameter
section slides inside a stationary annular member 14 clos-
ing the lower end of cylinder 12. The piston 13 is raised
by supplying liquid under pressure through the pipe 51
‘'opening into the annular space between the annular clos-
ing member 14 and the larger diameter section of the
piston 3. The piston 13 is urged downwardly by liquid
under pressure supplied to the upper end of cylinder 12
through a pipe 53. The plunger 11 and piston 19 are in-
tended for the adjustment and maintenance of the basic
pressure Ps at a constant value inside the outer cylinder.

In the device shown on FIG. 1, the gaseous or liguid
fluid to be compressed is admitted to the outer chamber
defined by cylinder 3 through small ports passing through
the liner 3’ and leading to pipes 34 by way of bores O
formed in the hoop or hoops surrounding liner or body 3.

I may also resort to the slightly modified arrangement
illustrated in FIG. 2. 1In this latter case, an annular mem-
ber 43 is screwed into the lower end of the innmer hoop
3" of the outer cylinder 3 and has the same inner diam-
eter as the body or liner 3’ of the outer cylinder. Said
annular member 43 engages through its upper cylindrico-
frustoconical section the body 3’ of the outer cylinder 3
and clamps in position an annular packing 44 housed in-
side said body 3’. The npper flat end F of the member
43 which engages the flat bottom of the recess housing
said member inside the body 3’ has radial grooves R, and
a slight clearance 43’ of 0.05 to 0.1 mm. is provided be-
tween the cooperating frustoconical surfaces F’ of the
member 43 and of the body 3. The gases or liquids may

reach the inside of the outer cylinder 3 through a conduit

34 passing through the hoop or hoops 3" and leading to
a.bore or a system of bores 34’ formed in the body 3’ and
opening into the annular clearance 43’. The grooves R
in orifice F of member 43 allow the fluids to enter the
chamber of cylinder 3 from the clearance 43’. - It should
also be noted that longitudinal grooves 48 the edges of
which . are cut obliquely, are formed in the lower end
portion of the annular member 43 for reasons which will
appear hereinafter.

* - The separation of the fluid contained in the compression
chamber of the outer cylinder 3 from that contained in
the means feeding the fiuid in a precompressed condition
is performed as follows:

. When the piston rod-15 urged upwards by. the plunger
piston 16 of the lower hydraulic press enters. the outer
cylinder 3, the piston 8 and its flnidtight packings 8’ pass
in front of the admission ports O, or the grooves R for the
gases or liquids and, since said ports or grooves have a

very reduced size in the vicinity of the inner surface of -

the outer cylinder the passage of the piston 8 is performed
without destroying or detrimentally affecting the pack-
ings. The fluid contained inside the outer cylinder 3 is
thus isolated. It will be noted furthermore that a valve
36 (FIG. 1) fitted in the pipe 34 feeding fluid into the
outer cylinder 3 allows separating from the external fluid
feeding means the preliminary compression system of the
outer cylinder 3 just before the passage of the fluidtight
packings of the piston 8 in front of the fiuid feeding ports
OT grooves.

With the embodiment of FIG. 2, after the fluidtight
packings 8’ of the piston 8 have passed across the grooves
R, the small amount of fluid contained between the valve
36 and the grooves R is exhausted through the clearance
J (FIG. 2) formed between the piston rod 15, the bearing
ring 38 and the inner suiface of cylinder 3. Said fluid
may furthermore be recovered by means of an auxiliary
system. When the fluid is fed into the cylinder 3 through
ports located at the lower end thereof very high basic
pressures, for example, about 20,000 atmespheres, can be
employed as the walls of the outer cylinder 3 are not pro-
vided with any lateral ports in the portions which are sub-
jected to the very high pressures.
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The high compression cylinder 17 or second compres-
sion stage (FIGS. 2 and 3), is designed as follows:

The cylinder 17 is constituted by a thick-walled tube of
high strength steel or sintered carbides with ‘a body or
liner 17’ surrounded by one or more hoops fitted in suc-
cession inside each other to increase the resistance of the
compound tube against internal pressure by producing
preliminary compression stresses. :

Experience shows that for. pressures within the inner
cylinder 17 that do not exceed 60,000 atmospheres, and
a basic pressure approximating 20,000 atmospheres, the
use of sintered carbides which.are expensive and difficult
to machine, is not essential for the cylinder 17.

The cylinder 17 is closed at one end by a stationary
plug 18, and at its other end slidably receives the piston
24 provided with fluidtight packings and which may be
displaced by the plunger 25.

The plug 18 engages a head 19 secured to the plug 7
by a retaining ring 32 screwed on the latter. The plug
18 may be in the form of a one-piece block made for
instance of high speed tungsten steel for pressures which
do not rise above 50,000 atmospheres, or else it may be
constituted by a hooped body for higher pressures.

The plug 18 (FIG. 3) has one or more fluidtight pas-
sageways &4 for current conductors connected to elec-
trodes 20 (FIG. 3) which may be.constituted for instance
by conmes made of a hard conductive material such as a
high speed tungsten steel or a steel having a very high
resistance such as 35NCD16. The conical electrodes 26
preferably have a cone angle between 6 and 30° and are
insulated in a convention manner. :

It should be noted that when the cones are subjscted
to pressure, they are automatically wedged in position.
However, before the action of pressure is felt; a prelimi-
nary clamping is applied thereto in order to achieve a
contact as perfect as possible between the cones and the
mating surfaces of plug 18.

The fluidtightness round the actual plug 18 is ensured
by a compound packing 21.

All the conductors. passing out of the plug I8 enter
a ‘central recess 19’ formed in the head 19 to make pos-~
sible relative rotation of the head 19, if required, with
reference ot the plug 18 during ‘the mounting and the
dismantling of the arrangsment. "Through transverse
passageways 45 opening into the central recess 1% in
the head 19, the conductors extend out of the head and
then pass. through openings 46 leading to. the housings
for the said electrodes in the stationary plug- 7 of the

_-outer cylinder. - Tt should be noted that the passageways

435 (FIG. 3) also provide a connection between the axial
bore 7' and the outer cylinder chamber in which the
basic pressure prevails, ’

The cylinder 17 is provided with. means for admitting:
the fivid adjacent the end opposed to the stationary plug’
8. Such means for admitting the flnid is designed to:
effect the separation of the fluid contained inside the
cylinder 17 from that contained in.the compression cham-

- ber of the outer cylinder 3.

60

As shown on FIG. 1, the means for admitting the fuid
into the chamber defined by cylinder 17 may be con-
stituted merely by an opening 55 located at the lower end
of the cylinder 17 and terminating with- a section having
a very small diameter adjacent the inner 'wall surface of
the cylinder 17.

Alternatively, in the modification jllustrated in FIG. 2,
a head 23 may be screwed into the lower end portion of
cylinder 17 so as to seat against the lower end of the
insert or body 17’ )

A smoall diameter radial perforation 33 passing through
the cylinder 17 leads to a point in the vicinity of the
contact surfaces between the body or insert 17’ and the
head 23,

Small; narrow grooves 56 of a depth of 0.1 te 0.2 mm.
are provided in the surface of the head 23 in contact with
the body 17" and communicate with the radial perfora-
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tions "33 to provide the passagewday for admitting fluid
from the outer chamber defined by cylinder 3 into the
inner chamber defined by cylinder 17.

The plunger piston 25 made of very hard material
(such as 35NC-D16 steel treated to resist 190 kg. high
-speed tungsten steel, cobalt or sintered carbides) . and,
in the embodiment of FiG. 2, is surrounded at its lower
.end with one or more steel hoops 57. It rests on a base
26 made of a hard material which may be the same as
that used for the plunger piston 25.

The base 26 s also-surrounded by a hoop 58 and has
a conical shape with a bottom cross-section larger than
that of the plunger piston, so as to distribute the. thrust
exerted on the piston 25:over a maximum area.
base 26 rests in turn on a stepped base 27 of a very hard
-steel having a high resistance.  Said-base 27 has a maxi-
mum diameter which approximates the inner diameter of
the liner 3’ of cylinder 3 and is adapted to come into
contact with the movable plug 8 and to distribute, over
the -entire upper surface of the head of the plug 8, the
thrust transmitted by the base 26.

A slesve 28 made of steel or bronze of .2 grade having
a ‘high mechanical resistance, is-screwed on the base 27
1o position the piston 25 and the bases 26 and 27. The
sleeve 28 may slide inside a slideway 29 made of steel
in which it is properly centered. Said slideway 29 is in
turn secured to and centered on the Tower end portion of
the cylinder 17. Studs 36 project from -the sleeve 28
and are slidable in axial slots formed in the slideway 29
for guiding the movements of the piston 25 and of the
‘bases 26 and 27, and for preventing separation of piston
25 and bases 26 and 27 from the cylinder17.

It will be noted ‘that -the extent of travel of the piston
25 depends on the height of the slideway 29.

‘A removable centering stud 47 is secured. to the upper
end surface of the plunger piston 25 and adapted to en-
.gage a corresponding recess defined at the lower end of
a sleeve 49 (FIG. 2) forming part of piston'24 to achieve
better centering of the. whole arrangement when the
plunger piston 25 acts against the sleeve 49 of piston 24
and continues its movement so as to slidably enter the
lower'end of liner 17, : :

The previously assembled cylinder 17 is mountel on
‘the plug 7 of the outer cylinder 3 through the ring 32
which is fitted over the head 19 before the:latter is
screwed into the upper end portion of cylinder:17. The
centering of the cylinder 17 with reference to ‘the plug 7
is further -ensured by a ring 3%. ‘A stud 35 (FIG. 3)
which serves as an electrical grounding'member angularly
positions the head 19 with reference to the plug 7. It
will be noted that the head 19 is provided, if required,
with housings for the terminals 37 on the plug 7, so that
it is possible to position simultaneously ‘the plug 7 and
the inner cylinder assembly within the outer cylinder 3.

When it is desired to heat the inside of the cylinder
17 so as to prevent any solidification of the fluid therein
when the pressure rises, it is-possible to apply the heat
to the outer cylinder 3 ‘for-transmission to the'inner ¢ylin-
der 17. "Such heating may be applied by outwardly- ar-
ranged electric theating elements (not shown) forming
a sleeve round the outer cylinder 3, or else by means of
a water-jacket ‘(not shown) fitted around the outer cylin-
der 3. ‘ : ‘

Alternatively, as shown on the drawings, a hot gas or
liguid may be circulated within the walls of the outer
cylinder 3, for example, inside a helical groove 22 pro-
.vided for this purpose along the-inner or outer surface of
the first hoop 3”. The helical groove begins and'fer-
minates in two annular grooves located respectively in
the :vicinity of the opposite ends .of the body 3’ of the
outer cylinder, and conduits 22¢ and 22b (FIG. 1) are
connected to said grooves, so as to serve respectively for
the entrance and for the exhaust of the fluid. - It will be
noted that the above described arrangement may serve as
well as for cooling the cooperating chambers 3 and 17.
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It is also possible to ‘provide means for direct heating
of the inner cylinder 17 for instance;, by enclosing the
latter in a heat-insulating sleeve carrying electric resist-
ances or else by housing cylindrical heating elements in
vertical bores formed in the wall of the inner cylinder 17.

The heating of the compression ¢hamber of the inner
cylinder 17 may also be effected by means of electric
resistances located therein and fed through the conductors

_extending through the plugs ¥8 and 7.

The two last mentioned heating systems are chiefly
applicable to large-sized apparatus of which the plugs
can be equipped with current-feeding ‘means transmitting
enough electric energy into the heating elements, and
also allow the use of a sufficient number of thermo-
couples.

All the above-disclosed heating means -are provided
with suitable adjusting or controlling means.

Assuming ‘that the fluid to be compressed is gaseous,
a two-stage fluid compressing device as described herein-
above is operated as follows:

During initial filling of the device with previously
compressed gas, the movable piston 1§ and the plunger
piston 11 are located entirely inside the plug 7, that is
towards the vicinity of the end of their stroke, while the
piston rod or plunger I5 is in its lowermdst position,

and the movable piston 8 is also in its lowermost posi-

tionso that the fluidtight packings 8" of the plug 8 lie
underneath the corresponding admission ports O; or R
The piston rod 25 and the piston 24 are

ings for the plug 24 lying below the port 33 or grooves 56
through which the gas is admitted to inner cylinder 17.
Under such conditions, the chambers of the outer and
inner cylinders 3 and 17 are filled with a gas under-a pres-
sure generally above 1,000 atmospheres which is supplied
through the pipe 34 to enter cylinder 3 at ports G; or R
and to pass from cylinder 3 into cylinder 17 through
ports 33 or-56.

The valve 36 is closed fo separate the device from
the source of the compressed gases as soon as the de-
sired initial pressure is reached in cylinders 3 and 17.

It will be noted that during the rise in pressure to a
preliminary or initial value inside the cylinders 3 and 17,
the pressure rises also inside the cylinders of the lower
and upper hydraulic presses P, and P; which causes the
pistons ‘13 and 16 and also the movable pistons 24 and 8
to-move by reason of the compressibility of the liquid con-
tained in said press cylinders. The pistons 13 ‘and 16
are then caused to remain-in the desired position by in-
troducing liquid under pressure into the corresponding
press cylinders,

Once the filling with a precompressed gas has been com-
pleted and the valve 36 has been closed, the piston rod 15
and.the piston 8 are urged upwardly by the piston 16 of
the lower hydraulic press and slidably engage the inside
of the outer cylinder. At the same time, the piston 10 is
held substantiaily in ‘the same position by introducing
liquid under pressure inside the cylinder 12 of the up-
per press.

At a predetermined position of the piston ‘8, the fluid-
tight packings 8§’ of the piston 8 pass in front of the feed
ports O; or R, to isolate the latter from the interior of

- cylinder 3. When the packings have actually passed be-

70

75

yond said ports, the fluid contained in the pipe 34 is
exhausted through the clearance J (FIG. 2) extending
between the piston rod 15 and the inner wall surface of
the cylinder 3.

As the pressure continues rising, the movable piston
8 engages the base 27 so ‘that the piston plunger 25
begins moving and consequently said plunger engages the
movable piston 24 which is displaced upwardly in the in-
ner cylinder 17. As long as the fluidtight packings 24°
of the movable piston 24 have not passed beyond the fluid
admission ports 33 or 56, the pressure P is the same in-
side the two chambers defined by cylinders 3 and 17. - Said
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pressure P depends on the original filling pressure pro-
vided for the system, on the compressibility of the com-
pressed fluid, on the rate of filling of solid materials in
the compression chambers of the cylinders 3 and 17.
Thus, for initial positions which are identical for the pis-
tons 15 and 25 and for the same initial pressure P, differ-
ent values are obtained for the pressure P in the two
chambers for identical strokes executed by the pistons.

Taking into account the experimental arrangements
which it may be necessary to house in the inner chamber
of the device, it is possible to act easily on the coeffici-
ents of filling by fitting small blocks of steel 39, 48 and
41 (FIG. 2) inside the cylinders 3 and 17.

10

The lower hydraulic press then continues acting and the

pistons 15 and 25 continue rising so that the finidtight
packings 24’ of the movable piston 24 are made to pass in
front of the ports 33 or 56. From this moment on-
wards -and for equal strokes of the piston rod 15 and the
piston 25 which are practically rigid with each other, the
relative reductions in volume dv/v of the fuids contained
in the compression chambers of cylinders 3 and 17 are no
longer the same and the pressures within said cham-
bers are no longer equal.

If, for equal strokes /1 of the pistons & and 24, the
ratio dv/v relating to the fluid contained in the cham-
ber of cylinder 17 is higher than that corresponding
to the chamber of cylinder 3, the pressure P31 in the cyl-
inder 17 rises more speedily and is always higher than
the pressure P2 prevailing in the cylinder 3, so long as
the piston 11 remains stationary.

The ratio P1/P2 defines the supporting action of the
hydrostatic basic pressure on the walls of the cylinder 17
and its auxiliaries such as plug 18, cylinder head 19 and
the like.

When the pressure P1 continues rising and the piston 24

continues its movement, it is possible to act on the
ratio P1/P2 by shifting the piston 1§ and piston rod 11
inside the plug 7. If the cross-section of the piston 18 is
sufficiently large and its range of movement is sufficiently
great, it is apparent that it is possible for instance to keep
the ratio P1/P2 at a constant value or else to keep the
pressure P2 constant when it has reached a predetermined
value. :
" The pressure P1 having reached the desired value and
the operations having been executed as required within
the cylinder 17, the release in pressure is achieved by
Teversing the procedure described above for providing the
Tise in pressure.

Upon passage of the fluidtight packings 24’ of the

piston 24 below the poris 33 or 56, connection is in prin-
ciple restored between the compression chambers defined
by cylinders 17 and 3 and normally the piston 24 is
stopped in its downward travel and no longer follows the
movement of piston 25, However, if the ports 33 or 56
are accidentally ciogged by waste material from the
fluidtight packings, the piston 24 continues its downward
movement into the head 23 and there is the danger that,
when the packings of 24 are about fo pass out of the
cylinder 17, there will be a sudden expansion of the gases
contained in the cylinder 17 leading to destruction of the
packings and other serious damage. In order to avoid
such damage, mortises or grooves are provided longitudi-
nally inside the cylinder head 23, and when the fluidtight
packings of the movable piston 24 reach the level of said
mortises, the packings are partly destroyed, and the gases
are exhausted without any risk of damage to the appa-
ratus,

As the piston rod 15 continues its downward move-
ment, the piston plunger 25 and its bases 26 and 27 reach
their final position, as determined by guide 292, and are
separated from the movable piston 8.

When the fluidtight packings of the piston 8 have
passed in front of the gas feeding ports O, or grooves R,
the gases contained in the two cylinders 17 and 3 may
enter the pipe 34 and be exhausted through the pressure
reducing valve 42. '
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In the event that the gas admitting ports R or O, are
accidentally clogged, a. safety system including mortises
or grooves 48 provided longitudinaily in the inner wall
surface of the lower cylinder head 43 allows gradual or
non-explosive exhausting of the gases.

Anxiliary means may be provided in the apparatus for
effecting the electric measurement of the pressure inside
the cylinders 3 and 17. Such measurement may be ef-
fected by means of manganine gauges fed through the
terminals of the plugs 7 and 18 and located in the central
recess 19" of head 19 and on the plug 18.

As concerns the heating of the hypercompression cham-
ber in cylinder 17 by any -of the previously described
means, it should be noted that, if the whole apparatus is
heated before the rise in pressure is performed, the resuit-
ant pressure is the same as when starting at room tem-
perature, but if the whole apparatus is heated when a high
pressure has already been reached, there is obtained a
general increase in pressure.

If interiorly disposed resistances are caused to heat the
chamber of cylinder 17 before the device operates to
cause hypercompressing of gas trapped in cylinder 17,
and after stabilization of the temperature of the different
parts, the result obtained is the same as if no heating had
besn applied.

If the heating is performed by means of heating resist-
ances located inside the compression chamber of cylinder
17 when the pressure therein has already reached a high
value, said pressure rises with the tempeiature so that
the ratio P1/P2 is modified and consequently it is neces-
sary to act on the piston 11 so as to keep the ratio P1/P2
at the desired value. o

Although illustrative embodiments of the invention
have been described in detail herein with reference to
the accompearnying drawings, it is to be understood that the
invention is not limited to those precise embodiments, and
that various changes and modifications may be effected
therein by one skilled in the art without departing from
the scope or spirit of the invention, except as defined
in the appended claims.

What I claim is:

1. A two-stage fluid compressing device comprising an
outer cylinder defining an outer chamber and being closed
at one end and open axially at the other end, an inner
cylinder defining an inner chamber and being housed en-
tirely and coaxially within said outer cylinder, one end
of said inner cylinder being closed and rigidly secured to
the closed end of said outer cylinder and the other end of
said inner cylinder opening axially into said outer cham-
ber and being spaced axially inward from said open end
of said outer cylinder, said inner cylinder further having
a transverse port extending therethrough adjacent said
other end of the inner cylinder for communicating the
inner chamber with the outer chamber, an inner piston
slidable in said inner cylinder through said other end of
the latter, means for feeding a precompressed fluid into
said outer chamber and including means defining an en-
try port at a point near the open end of said outer cylin-
der, an outer piston slidable in said outer cylinder through
said open end of the latter and facing the outer end of
the inmer piston, and-hydraulically actuated ‘means op-
erative to urge said ‘outer piston axially into said outer
cylinder for successively closing said entry port of the
means feeding precompresed fluid, compressing the pre-
compressed fluid trapped in the outer and inner chambers
by closing of the entry port and then urging the inner pis-
ton axially into the inner cylinder so that said inner pis-
ton initially closes said transverse port of the inner cylin-
der for isolating said inner chamber from said outer cham-
ber and thereafter compresses the fluid in the inner cham-
ber to a pressure rising considerably above that prevailing
in the outer chamber. '

2. A two-stage fluid compressing device as in claim 1;
wherein said means defining an entry port at a point
near the open end of the outer cylinder. includes an an-
nular member screwed -into ‘said open end of the outer
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cylinder and having the same inner diameter as the latter
so that the inner surface of said annular member con-
stitutes a continuation of the inner surface. of said outer
cylinder, said inner surface of the annular member being
spaced axially from said inner surface of the outer cylin-
der to define a clearance therebetween, and said outer
cylinder has a channel extending therethrough and open-
ing into said clearance for conducting the precompressed
fluid to the latter.

3. A two-stage fluid compressing device comprising an
outer cylinder defining an outer chamber, a plug- closing
one end of said cylinder and having a portion-extending
axially into said outer chamber, said plug having an axial
bore opening outside said outer cylinder and said portion
of the plug having a channel therein opening into said
bore and said outer chamber, the end of said outer cylin-
der remote from said plug being axially open, an inner
cylinder defining an inner chamber and being housed en-
tirely and coaxially within said outer cylinder, one end
of said inner cylinder being closed and rigidly secured
to said plug closing one end of said outer cylinder and the
other end of said inner cylinder opening axially into said
outer chamber and being spaced axially inward from said
open end of said outer cylinder, said inner cylinder fur-
ther having a transverse port extending therethrough ad-
jacent said other end of the inner cylinder for communi-
cating the inner chamber with the outer chamber, an inner
piston slidable in said inner cylinder through said other
end of the latter, means for feeding a precompressed fluid
into said outer chamber and including means defining an
entry port at a point near the open end of said outer cylin-
der, an outer piston slidable in said outer cylinder through
said open end of the latter and facing the outer end of

the inner piston, and hydraulically actuated means opera-.
tive to urge said outer piston axially into said outer cylin- 3

der for successively closing said entry port of the means
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feeding precompressed fluid, compressing the precom-
pressed fluid trapped in the outer and inner chambers by
closing of the entry port and then urging the inner piston
axially into the inner cylinder so that said inner piston
initially closes said transverse port of the inner cylinder
for isolating said inner chamber from said outer chamber
and thereafter compresses the fluid in the inner chamber
to a pressure rising considerably above that prevailing in
the outer chamber, an auxiliary piston slidable in said
bore of the plug, and auxiliary hydraulically actuated
means operative to adjustably urge said auxiliary piston
in said bore toward said channel for adjustably varying
the relationship between the presses in said inner. and
outer chambers.

4. A two-stage fluid comprising device as in claim 3;
further comprising electrically operated means within
said inner chamber, and conducting means for feeding
electrical energy to said electrically operated means, said
conducting means extending through said channel of the
plug and through the closed end of said inner cylinder.
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