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APPARATUS FOR COMPRESSING FLUIDS
Joseph S. Parenti, Cleveland Ohio

Original application May, 19, 1942, Serial. No.
443,666, " Divided and this’ appl.lcatlon Septem-
Ber’ 29 1945 Serlal No. 619 391

3 Clalms.

1

TFhis invention relates to improvements in ma-

chines of the shdmg plston or posmve dlsplace—
ment type, which’ may be used; for example as
compreSSors or pumps to operate on air and other
gases

“This is a d1v1s1on of my copendmg application
Serial No. 443,666; filed May 19, 1942 now Patent
No 2,391,476 of December 25, 1845,

One of ‘the obJects of thls mventlon is to pro-
vide an’ 1mproved method of compressmg gas in
wh1ch residual compressed gas left'in & compress-
1ng member after exnaust is added to gas at a
lower pressure Wh1ch ls about to be compressed

It is ‘also’an obJect of thls mventmn to provide
com ressors w1th means for 1nJect1ng a Su
‘ge of gas info a cylinder after pletion of
ntake stloke A further obJect 1s to prowde

the parts bemg shown 1n dlﬁerent posxtlons muhe
two figures.

Fig, 5.is a fragmentary perspective view of:the
-valve of the compressor.

While I have shown my improvements em-
bodied in & rotary.cylinder type.of-compressor; yet
it will be obvious that it is. not: intended. to.limit
all of the improvements herein. described:- to. the
type.of- compressor. shown in the drawings, since
some; of: the improvements shown may: be. used
in. connection with machines. for other purposes

10

18

45

50

56

(CL: 230—~1%%)-

than compressing gases ‘and with maohlnes m
which the ¢yliiders are stationary.
My 1mp10ved maechine may be mounted on any

suitable or desired staﬁonary suppmts and may

be enclosed in‘a housmg or casing of any desired
construction. In-the partlcular construction ii-

'lustrated by way of example 1 have provided a

housmg or- enclosure 1ncludmg a lower part 8
and an upper, removable part or cover ZI, which

‘may be sultably secured to- the main or lower

housmg part 20 The lower housing part is also
prov1ded ‘with 1ntegra1}y formed pedestals or sup-
ports for the revolvmg ‘parts of the machine,
these pedestals includihg’ two pairs of upright
struts or ﬂanges 22 which may be formed integral
Wwith the housmg A housmg and: supports of any
other suitable or desrred construcnon may be em-~-
ployeéd, if desired:

The machine shown in the drawing includes
two revolvmg parts which' rotate” about different
axes, In the particular constructlon shown, tie

'cylmders rotate about, an-axis ‘which is eccentric

with’ reference toa rotary member which the pis-
ton rods ‘are’ connected to, to produce relative
movement between “the pistons and their cylin-
ders I prov1de at each end of the machine a
main statmnary bearing suppmt 2% on which the
two revolvmg ‘elements ‘of the machine are jour-
nalled and wh1ch in turn is mounted upon: the
pedestals or supports 22, Consequently, each
énd of-the machine is provided with one of these

.beanng supportmg members 25 which are of

tubu]:ar form’ and Have oppos1te1y extending lugs
or prOJectmns arranged to be mounted- on the
pedestals 22, The bearmg supportlng members
25 are-eacH provided with an- annular cylindrical
portion or flange 2T within which a’suitable bear-
ihg; such as a roller bearing 28; is arranged: Each
bearing: support is also prov1ded with a cylin-
drical portion 29 of larger diameter and eccentric
with relgtion to the bearing flange 2T. Another
bearing 36. is. arranged- on the périphery of the
cylmdncal portmn 28. These two flanges or cy-
lindrieal: portlons are connected by-a vertical web

St 3zrepresents an annular ﬁange whieh is con-

“nected- by means of- 1ad1ally extending ribs or

supportmg parts 33 w1th the cylindrical flange
29. "The- several parts of each bearing support
are préferably: formed 1ntegral thus férming a
strong and: rigid bearmg support which is amply
capable of. w1thstand1ng the reacting forces
transmitted thereto by’ the bearings 28-and 38.
The bearmgs ag’ of the two- bearing supporting
members 25 have thelr inper races 35 secured- to
rotatable hollow truniions or shafts 85 and 27
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which extend freely through the stationary bear-
ing supporting members. The inner ends of
these trunnions are suitably secured to a eylin-
der-carryingmember or wheel with which the cyl-
inders are preferably formed integral and which
includes a plurality of cylinders 88 connected by
radially extending webs 39 and also preferably
by a series of radiating and reinforcing fins 40
which are substantially annular in form and con-
centric with the axis of rotation of the cylinder
wheel. The trunnions 36 and 31 may be secured
to the cylinder wheel in any suitable or desired

manner, and in the construction shown, the inner -

ends of the trunnions are provided with out-
wardly extending flanges 4i which may be se-
cured by bolts or other means to the cylinder
wheel, see particularly Fig. 1. Consequently, the
cylinder wheel is rotatably mounted on the bear-
ings 28, and one of the hollow trunnions, for ex-
ample the trunnion 38§, may be provided at the
outer end thereof with any suitable means for
driving the cylinder wheel, a grooved pulley 42
being shown by way of examrple in Fig. 1.

The cylinders are provided with pistons 44
which will be hereinafter described more in de-
tail. These pistons may be reciprocated ig their
cylinders in any desired manner, and in the con-
struction illustrated by way of example, the pis-
tons have pins 43 extending transversely through
the same near the outer ends thereof. These pins
45 also extend outwardly beyond the sides of the
cylinder wheel, this wheel being provided at the
eylinder portions thereof with slots 46 into which
the pins 45 may enter when the pistons are in
their inner positions. - On each end of each pin
45, one end of g piston rod or link 48 is journalled
on suitable bearings 48, and the other ends of
the piston rods or links 48 are pivoted on master
rings which are journalled to rotate about the

bearings 30, eccentrically with reference to the.

axis of rotation of the cylinder wheel. In the
particular construction shown, these master
rings gre each constructed of two parts or halves
51 and 52, secured together by means of screws
93 which also serve as pivots for the other ends
of the piston rods or links. Suitable bearings 54
are arranged between the pins 93 and the inner
ends of the connecting links or rods. The master
rings are arranged at the opposite sides of the
cylinder wheel, and since the master rings ro-
tate about the bearings, which are eccentric with
reference to the bearings 28 of the cylinder wheel,
it will be obvious that at each rotation of the
cylinder and master rings, the pistons 44 will be
moved by their piston rods 48 through an in-
wardly directed working stroke and an outwardly
directed intake stroke.

In order to cause the master rings and cylinder
wheel to rotate gbout their axes simultaneously
and in correct relation to each other, a suitable
connection between these parts is provided. In
the construction illustrated by way of example,
I have provided the outer portions 52 of the ec-
centric master rings with g plurality of outwardly
extending arms 56, four such arms being pref-
erably employed. To the outer end of each of
these arms, one end of g link 57 is pivotally con-
nected. The other ends of these links are pivot-
ally connected with the cylinder wheel. This may
be accomplished in any desired manner, and in
the construction shown, the cylinder wheel is
provided between some of the cylinders with en-
largements or bosses 58 in which pins 59 are ar-
ranged, the pins being preferably journailed in
these bosses. The ends of the pins are secured
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to the other ends of the links 57. It will be noted
that during the rotation of the master rings and
the cylinder wheel, the links §7 occupy various
positions, gnd when these master ring links are
in or near a plane passing through the two axes
of rotation, no driving force can be transmitted
through such links, but at such ftimes the other
master ring links are not located near this plane
and will transmit the necessary force for driving
the master ring from the cylinder wheel, which
is positively driven from the puiley 42 or other
driving means.. The distance between pivotal
centers of the master ring links 57 must be the
same as the distance between the axes of the
cylinder wheel and the master ring, By means
of this arrangement, the relationship between
all of the cylinders and their pistons wil] be the
same as they pass any point in their path of
movement about the center of rotation of the
cylinder wheel, and also the connecting rods on
botn sides of the cylinder wheel are kept in aline-
ment with each other so that the resultant of
the force transmitted by a pair of rods to its
piston is substantially coaxial with the piston,
whieh, in turn, results in elimination of any cock-
ing or wedging action on the pistons and of any
tendency to turn or twist the pistons about their
axes.

In order to supply gas to be compressed to the
cylinders and to discharge the compressed gas
from the cylinders, a tubular member is provided
having both an inlet passage and a discharge
bassage therein, the member shown including an
inlet duct 60 which extends through the hollow
trunnion 36 and a discharge duct §f which ex-
tends through the hollow trunnion 37. These
inlet and exhaust ducts are preferably formed
integral with a valve member §2 arranged for co-
operation with the cylinder wheel at the inner
ends of the cylinders 38. 'This tubular member
including the valve §2, as well as the ducts §9 and
61, in the particular construction shown, is sta-
tionary with reference to the cylinder wheel, and
the valve member is of frusto-conical shape.
The valve member is provided with a relatively
large inlet port 3 which forms substantially a

‘continuation of the iniet duct or passage §0 and a

smaller exhiaust or discharge port 64 which forms
‘s continuation of the discharge duct 6i. Both
of these ports are of elongated form in order te
cooperate with elongated ports formed at the
inner ends of each of the cylinders 38. The dis-
charge duct 6f may, of course, be of smaller diam-
eter than the inlet duct, and this enables the dis-
charge duct to be spaced from the trunnions 37.
This space between the duct and the trunnion
resists the transmission of heat from the hot
duct 61 to the trunnion bearing. If desired, suit-
able heat insulation may be provided in the space
between this duct and the trunnion.

The middle portion of the cylinder wheel is
provided with a frusto-conical bore formed for
close fitting cooperation with the valve member
82, and the cylinder wheel is provided at the
opposite ends of its frusto-conical bore with an-
nular imperforate sealing surfaces 66 and §7
which fit ggainst corresponding surfaces 88 and
69 formed on the valve member so that when the
valve is in its operative position, discharge of
gases past the cooperating sealing surfaces is
prevented. The cylinder wheel is provided at its
valve-engaging base with an
elongated port T8 for each cylinder. The oppo-
site jonger bounding edges of these ports 10 are
arranged at an inclination to each other because
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of the frusto- conicgl. form of .the:valve member,
50, that. all.portions.of any. 10ng1tud1nal .edge-of
any.of. the ports 10, will simyltaneously come.into
and.pass out of regi Sion: w1th the lognitudinal
edges of the. ports 63‘and 54.of the valve member,
thus reducmg w1rerdrawmg to.a minimum at.the
d1scharge ports...

““In order to produce discharge, ports.-of- this
narrow elongated type, the cylinders are provided
af thelr inner end. portions with converging side
walls which are formed to. converge uniformly
fr om their outer portions of cylindrical.cross.sec-
tlon to the valve ports.T18, thereof Consequently,
the side portions Ti..of. the cylinder. ends which
are nearest to adjacent cylmders are: preferably
vsubstantlally flat, see. also Figs. 2: ancL 3:. This
makes it possible - to prov1de a. relatxvely large
number of eylinders in.the. cylmder wheel, and:ab
the same time keep the valve-62 of relatively.small
diameter. The. cyhnd grs din. the construction
shown are.provided in their cyhndrlca.l portions
with_cylinder sleeves 12 rigidly secured. thereto,
which may be of a material differing-from: the
material of which the cylinder wheel is made.
For example, the cylmder sleeves 12 may:be of
cast iron and the cylinder -wheel may, if desired,
be made of a light weight-metal or alloy:

By means of the construction . of. the.valve:and
valve ports, the ports, because of their: elongated
shape, have the desired cross: sectmnal areasand,
at the same time, the frusto comcal valve . mems=
ber is of comparatlvely small diameter;. so: that
the lineal speed-of the frusto-conical portion:of
the revolving cylinder wheel: with reference .to
the stationary valve, is kept small enough to avoid
excessive wear of.these.contagting surfaces:

The.- .stationary valve. may -be: maintained: in -

tight seatmg relation- to the. frusto-comca1 :innexr:
portion:of. the - cyhnder wheel-in;any suitable: or
desired manner, and preferably,: this.is accom=.
phsheo by yleldungly urging. the:.valve.member
and its inlet and discharge passages in a length=
wise direction to seat the valve membper: in:the:
base of the cylinder wheel. For example;:in: the
construction illustrated, the discharge duct:5t of:
the valve member-is provided with an outwardly:
extending flange 14 suitably secured to.the: dis=:
charge Quct &4, for. example; by means.of a screws:
threaded connectmn, as shown, and:this: flange:
14.is yle_ld;nglg urged to.the:left:inFig. 1,-by means;
of springs 78 extending about:bolts:or studs:T6:
which are screwed into g stationary disk or:part
11 of. the machine. This disk ‘1T alsoserves the:
purpose. of holding the bearing .28 in«place; as:

clearly-shown in Fig. 1. A similar bearing.retains:

ing disk 18 is provided at the opposite:.end of the:

machine which is held in.place by nuts or studs:

or other suitable-means, and similar studs:.or:
screws. (not shown) may be used-for securing the:
disk 78 to the other stationary bearing shaft: 25:
on :the. discharge end . of .the -machine.. Con-.
sequently, the springs 15 urge:the flange:. 74 to:

the left in Fig. 1 and urge the valve into.seating:

engagement in the.bore of the cylinder: wheel.

Nuts 8¢ are adjustably mounted:on the studs 76"
to. permit varying the pressure: with which: the-

valve is urged into seating engagement with the:

bore of the cylinder wheel, so that: the: pressure:

of the springs can be varied, depending upon the-

pressure of -the fluid discharged from:the cyliri-.

ders.

The valve construction. described is desirable
for the reason that the springs automatically com-:
pensate for. wear of the.valve:or-of-the metal gt

the bore of the cylinder wheel.::

6

The: flange 74 and: the studs 16 may also: bé
used;to-hold .the ‘tubular member and the-valve
against turning- with the cylinder wheel. For
this purpose, the flange T4 may-be provided with
slots:81; Fig: 1; into whicl: the ends. of :the  studs
16: extend.. Since during the. rotation: of the
cylinder- wheel, these studs: will bear against one
side: only: of: the slots, the studs: are preferably
provided:with: flat: sides which bear against those
sides; of the slots,; .with:: which: they: will .engage
during. the-rotation of the cylinder wheel,.and
the slots:are.also-formed.so.that each side:against
whichia:stud: bears:lies substantially in. a radial
pldne.extending: through' the: center- of rotation
of:the:cylinder:wheel.. Consequently, the stiids
16 oppose-force tending to turn the flange:14 with<
outproducing -rédial-components -of- this- forée.

-+ The-slets 81 are alse’made:long ‘enough and wide
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enough’ topermit ‘any-slight movement that may
be-imparted to thedischarge duct 61 becausevof
inaccuracies:in:-machining. -

83 represents:a, pipe ortube-which conductsthe
compressed-gas:from: the:discharge-duet 61, and
whiei:in:the  construction: siown has a fldnge
which:is- secured-to the flange T4. This tube-83;
is:preferably-fiexible t6-allow for any slight move-
mentiof the duct 61.

In'the operationiof the:compressor:as- thig far
described;: when ‘power: is-applied ‘to-rotate  the:
trunnion 38, the cylinder wheel rotates-aboutits
axis.-. Through' the medium- of the master rihg
links .57, - rotary - motion -is imparted- from- the
cylinder wheel to the eccentric master rings-ar<
ranged: at-opposite-sides: of-the: cylinder wheel
and mountéd:on the bearings 30;- which- are ec=
centric -with relation -to -the axis ‘of  rotation of
the cylinder-wheel. Conseguently, the pistons will
be-:caused to reciprocate in- their cylindérs: In
tite'machine illustrated-in-the drawings; the axis
of rotation: of the-cylinder -wheel is-located veér--
tically- above the axis' of rotation of -the master
ring, and consequently, when a cylinder reachés’
approximately the upper portion of theé machine;
its-piston will"be in its-inner position: Assuming
that rotation is-in-a-clockwise direction in Figs.
2,03 ‘and- 4, each ‘piston, as it moves with the'
cylinder-wheel-from the upper position; will move”
outwardly; ard-will move- into communication”
withi-the inlet-port 63 of the valve member. When:
it'reaches ‘the-lower portion ‘of its movement, the:
piston-will-bé:in-its outermost position, ang from’
then: on-to -its ‘upper position; it will" be ‘moved"
inwardly'inits eylinder to compress the gas taken:
in, - Duririg a part of the-time that g cylinder:
passes‘through ‘the upper, left quadrant in Figs.’
2,23 -‘and«4;-it§-port moves-into registration with’
thé:dischiarge port 64 of the stationary valve; thus
discharging the compressed gas into the discharge;
duet 61.x

In compressors -as' now commonly constructed,”
théwresidual-compressed ggs whicl remzins in a-
cylinder after thé-closing of-the discharge valve,
the volume-of ‘which depends-upcn the clearance .
between-the ‘head-of the piston and the head of *
the-eylinder; is’re~expanding” during the initial’
portion ef “the-intake ‘stroke of the piston, and:
consequently; - this-reduces  the fresh charge . of *
air‘which*can-be-admitted to the cylinder during. .
the -intake “stroke:

In-accordance with-my.invention; I provide an
improved-method and means whéreby this resid<"
ual‘gass discharged-into’a clyinder in‘whiéh the™
piston has just completed its' ‘intake,.and in Wthh .
the-intake -valve *is’closed:” This. residual ° gas. "

18: consequently, supereliarges” the eylinder “intg™
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7
which it is discharged, so that this cylinder will
.compress not only the charge of gas faken in dur-
ing the suction or intake stroke, but also such
residual gas as is delivered to it.

Any suitable or desired means may be employed
for carrying out my method. In the machine
shown, this method can readily be carried out by
providing a single relatively small passage
through the valve 62, for example, such as the
passage 80, shown in Figs. 2 to 5. It will be noted
that this passage, which in the construction
shown may be in the form of a hole drilled in the
valve 62, is so arranged that any cylinder after
its port passes out of registration with the dis-
charge port 64 of the valve, will momentarily pass
into registration with one end of the passage §0.
The other end of this passage will be in registra-
tion with the port of another c¢ylinder just after
the port of such cylinder has moved out of regis-
tration with the inlet port €3. In Figs. 2 and
3, the upper cylinder is shown in the position in
which it has just passed out of registration with
the discharge port 84 of the valve and the lowest
cylinder has just passed out of registration with

the inlet port 63, and neither of these cylinders

has as yet passed into communication with the
connecting passage 8§. . Fig. 4 shows the positions
of the cylinders after they have passed through
a small arc beyond the positions shown in Figs.
2 and 3, and shows the upper cylinder in registra-
tion with the upper end of the passage 99 and the
lowest cylinder also in registration with the low-
er end of this passage. Consequently, residual
compressed gas in the upper cylinder will quickly
flow through the passage 90 and will, consequent-
ly, be expanded during this passege, and the
greater portion of this residual charge will be
added to the charge of gas in the lowest cylinder,
thus increasing the pressure and the quantity of
gas in the lowest cylinder and also greatly re-
ducing the amount of residual gas in the upper-
most cylinder, so that when the port of this
cylinder moves into communication with the in-
let port §3 of the valve §2, it will take in a ma-
terially larger charge of gas than would be the
case if it were first necessary to expand all of the
residual compressed gas remaining in the cylinder
after exhaust. Consequently, by use of the super-
charge passage, the capacity of the compressor is
increased, in the first place, because of the fact
that with very little residual gas in the upper-
most cylinder, this cylinder will take on a pro-
portionately larger charge of fresh gas during its
intake stroke. The capacity of the machine is
further increased by the fact that the cylinder re-
celving the residual charge is supercharged and,
consequently, compresses a proportionately great-
er amount of gas than would be the case if it
had not been thus supercharged. Any other
means for transferring residual compressed gas
from a cylinder to supercharge a quantity of gas
to be compressed may be provided.

‘Not only does my improved method greatly
increase the capacity of any compressor to which
it is applied, but also the efficiency of the com-
pressor is greatly increased thereby. For exam-
ple, the residual compressed gas which is added
to the gas which is about to be compressed raises
the pressure of this latier gas without requiring
any additional work by the compressor. It is,
consequently, also possible to make the intake
port 63 larger, so that the intake port of each
cylinder may be in communication therewith for
a longer period of time, without having the resid-
ual compressed gas discharged into the intake
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‘passage, which would cause objectionable tur-

bulence of the incoming air. I preferably con-
struct the valve so that the intake starts after the

Pressure in the cylinders is slightly below atmos-
‘pherie, and since a number of cylinders are al-
‘ways in- communication with the intake port,

there will be a constant and steady flow of air
in the inlet duct.

A further advantage of the removal of residual
gas from a cylinder and employing it to super-
charge an intake of gas, is that this enables com~
pressors to compress gases to much higher pres-
sures than has heretofore been possible in a single
stage. Heretofore, the pressures which could be
produced in a single stage were limited by the
clearance between the cylinder heads and the
pistons, or in other words, by the amount of
residual compressed gas left in a cylinder. If the
bressure In a cylinder reached a certain point
&t which the residual gas required the full stroke
of the piston to become re-exvanded, obviously
no additional gas couid be taken in and, conse-
quently, no compressed gas would be delivered.
Conseguently, heretofore, the mazimum pressure
in any cylinder had a definite limitation because
of the expansion of the residual compressed gas.
By means of my methed and construction, since
most of the residual gas is discharged from the
cylinder, it follows that only a very slight move-
ment of the piston in the cylinder will expand
the very small quantity of residual gas left in
the cylinder after supercharging, and conse-
quently, the maximum gas pressure that can be
delivered by any cylinder is greatly increased,

I claim as my invention:

1. A multi cylinder compressor, comprising a
pair of cylinders arranged in fixed relation to
each other and having pistons therein, means
connecting said pistons for reciprocating - the
same in said cylinders so that the pistons simul-
taneously occupy opposite positions of their
strokes, a valve having inlet and discharge pas-
sages for communicating with said cylinders, said
valve having a passage therein connecting said
cylinders immediately after communication of
said cylinders with said valve passages has been
interrupted to discharge residual compressed gas
from a cylinder whose discharge of compressed
gas to said discharge passage has just been com-
pleted, into a cylinder whose intake of gas has
just been completed.

2. A mulii cylinder compressor having a mem-
ber rotatable about an axis and having a plurality
of cylinders formed integral therewith and ar-
ranged in pairs, the cylinders of each pair being
located diametrically opposite each other on said
member, means for imparting rotation to said
member, said member having an axial bore and
each of said cylinders having a port terminating
in said bore for intake and discharge of gas,
pistons in said cylinders, means for reciprocating
said pistons in said cylinders during the rotation
of said member and cylinders, said means being
so constructed that the pistons in each of said
pairs of cylinders will be simultaneously at oppo-
site ends of their strokes, a centrsl stationary
valve arranged within the bore of said member
and having inlet and discharge passages with
which said ports of said eylinders communicate
during their rotation, and an additional passage
in said valve member arranged to connect a pair
of oppositely disposed cylinders, said additional
passage being so located in said valve member as
o simultaneously communicate with the port of
one cylinder of a pair immediately after its port



2,510,247

has passed out of communication with the dis-
charge passage of said valve, and with the port
of the opposite cylinder immediately after it has
passed out of communication with the inlst pas-
sage of said valve, whereby compressed gas in
said first mentioned cylinder superchargss the
other cylinder of the pair.

3. In a rotary cylinder compressor having a
plurality of cylinders arranged substantially
radially with reference to the axis of rotation
of said rotary cylinders and in fixed relation to
each other, said cylinders being arranged in sub-
stantially diametrically oppositely located pairs,
means for rotating said cylinders, pistons oper-
ating in said cylinders, means for reciprocating
said piston in said cylinders so that the pistons
in opposite pairs of cylinders are arranged at
opposite positions in their strokes, a stationary
valve member arranged substantially coaxial with
the axis of rotation of said cylinders and having
inlet and discharge passages, said cylinders each
having a port arranged to cooperate with the
passages of said valve member, and a third pas-
sage extending crosswise of said valve member
and having one end thereof arranged to connect
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with the port of a cylinder which has just paszed
out of communication with said discharge pas-
sage and having the other end arranged to simul-
taneously connect with the port of a cylinder
which has just passed out of communication with
said iniet passage, for supercharging one cylin-
der with residual compressed gas of the other
cylinder.

JOSEPH S. PARENTT.
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