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To all whom it may concern: -
Be it known that I, JOHN B. WARING of
“the city and county of New York, in the St:{tte
of New York, have invented certain new and
¢ useful Impmvements in Air-Compressors and
~ in Valves Therefor, and for other purposes, of
which the following is a specification.
In air-compressors as usually constructed,
in which the air i1s drawn into a cy]mdel by

1o one stroke of the piston and expelled into the

- reservoir or receiver Ly the return-stroke of
the piston, much Qdifficulty is experienced in
working a compressor smoothly and without
shock, owing to the variable resistance offered

15 to the piston duaring its stroke. The resistance

~at the beginning of the stroke, without con-
sidering that doe to friction, is nothing, and
the resistance gradually increases as the pis-
ton travels, and reaches its maximum af the

20 end of the stroke. Another serious difficulty

~ is the large amount of waste space or clear-
ance in the valve ports and openings of the
compressor-cylinder, whicharedilled with com-
pressed air at each stroke, that expands dur-

: 25 ing the return-stroke and partly fills the 031

inder:

The object of my invention i1s to overcome
these difficnlties and to produce a compressor
which shall be very compaot and of compqra

20 tively light weight. -

To this end my invention consists in ‘the

combination, in an air-compressor, of a station-
~ary outer cylmdel, ‘a movable cylinder of
smaller diameter arranged therein, piston-
32 heads fitting said outer cylinder and movable
~ with said inner cylinder, a stationary piston
for said inner cylinder, and valves for admit-
ting air to each end of said outer cy]inder for
passing air from said outer to said inner cylin-
40 der,and for discharging air from said innercyl-
“ mder, whereby the air, which is partially com-
pressed in passing from the onter fo the inner

cylmder is still further compressed in said 1n-

45 Wlth a Water Jachet as is usu&l in air - com-
pressors, and the space between the outer and

inner cylmderb and between the movable pis-
‘ton-heads,is preferably filled with water, which
serves to cool the inner and outer cylinders.

| are movable with said inner cylmder

| space between the cylinders, and thence into

and through the jacket of the outer cylinder.
The discharge-valves for the inner cylinder are

preferably arranged within the stationary pis-
ton of said inner CS]I[](].LI‘, arid the piston-rod gg
to which said piston 1s attached may consist
of atubeand serveasa dlscharge -pipe, through

| which the compressed air passes duectlj to the

reservoir or receiver.

My invention further consmts In a novel ar- 60
rangement of valve and valve-openings for air-
compressors and for other pumps or engines,
and in various details of construction and com-
binations of parts, hereinafter to be described.

‘Theaccompanying drawings represents only 65
the air-cylinders and appurtenances of a com-
pressor, my invention being adapted for use -
with any suitable operating mechanism. =~

In the drawings, Figure 1 represenis a lon-
gitudinal section of the compressor. Ifig.2 7o
represents a longitudinal section of the fixed
piston and a portion of the movable cylinder

upon a larger scale, and Fig. 3 represents a

perspective sectional view of one of my im-

prov ed valves. g

Similar letters of reference deswnate corre-
sponding parts in the figures.

A designates a statlonary cylinder, whmh 1S
provided with suitable heads, A’/ A? ‘and with
a surrounding water-jacket, A°. The cylinder 8o

A may be attached to auny suitable bed-plate

or support,and may be arranged horizontally,
as here shown, or vertically.

B demguates a. smaller cylinder, '1,1ra,nged
within the outer cylinder, A, and of much less 85
length than the latter. The diameter of the

cylinder B, as here represented, is about half
that of the cylinder A, and its area is conse-
quently one-fourth; but the relative propor- |
tion of the two cylmders may be varied to suit go
circumstances. The cylinder B is constructed.

withaflange,a,ateachend. And Cdesignates

piston-heads, which are rigidly abtmched one
to each end ot the eylinder by means of bolts

b, inserted through the heads and the flanges gg
CL, or in any other suitable manner, and which
The
plston headsC are prowded with suitablepack-
ing, so as to work air-tight in the outer cylin-

8 | 5?.: The water used for coohnn passes first mte the | der, A,and thei 1nue1 cylmder and plbt{)n -heads 100
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constitute in fact a single piston, which is
adapted to be reciprocated in the outer cylin-
der, A, by power applied to the piston-rod D,
which works through a suitable stuffing-box,
D', in the head A’. .

I designates a piston fitted to the inner cyl-
inder, I3, and provided with suitable packing.

This piston is fixed to the end of a piston-rod,

F, which passes through a stuffing-box, A4, in
the head A* and is rigidly secured at its outer
end in a cross-head, G, which may be perma-
nently connected with the cylinder A by rods
H, or other means.

The piston-rod I' may be and preferably is
composed of a tube or pipe for a purpose here-

Inafter deseribed. It will be observed that by

1ts rigid connection with the cross-head G the

~piston K always occupies the same position

20

relatively to the outer cylinder, A, and both

are stationary.
Inasmuch as the inner e¢ylinder., B,is used as

- a compression-cylinder, it, as well as the outer
-cylinder, should be provided with meansto pre-
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vent 1ts heating, and to effect this I fill the
annular space I between the inner and outer
cylinders and between the two piston-heads
C with water, as clearly shown in Fig. 1. The

water in the space I not only cools the inner

cylinder, but as the inner eylinder and its at-
tached pistons reciprocate the water comes in
contact with the inner surface of the outer eyl-

inder and cools the latter. The space I and

the jacket A° may each have independent in-
lets and outlets for water; but I prefer to sup-
ply the water first to the space I, and thence
to the jacket A° as illustrated in the present
example of my invention. |

1’ designates a water-inlet leading through
the jacket A’ and to the space I; and, after
circulating around the inner cylinder, B, the
water passes through a holeor aperture, ¢, into
thejacket A% from whenceit passesout through
the discharge-apertures d. - |

The valves which are employed for admit-
ting air to the outer cylinder, A, for control-
ling the passage of air from the outer ¢ylinder,
A, to the inner cylinder, B, and for discharge-
valves to the said inner eylinder, may be of
any desirable construction; but I preferably
employ valves of the kinds here represented.

Referring first to the inlet- valves for the
outer cylinder, A, d’ designates an annular
groove or channel, which is made in each of
the heads A’ A% and which communicates by
means of numerous holes or apertures, ¢, with

the atmosphere. |

J desiguates a valve, consisting of a circular
disk of thin sheet metal, constracted with an-
nular corrugations to give it sufficient flexi-
bility, and having a central hole or aperture to
slip over the piston-rod. One of these disks

1s secured to the inner side of each of the heads

A’ A% as a valve-seat, by means of a collar or
flange, f, and its outer rounded or turned-over
edge just overlaps the annular groove orchan-
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with a conical or tapered seat, ¢, therefor, com-
posed of a flange or lip having an inclined or
tapered 1nner edge. This form of valve is very
desirable,inasmuch as a single valve takes the
place of a number of the small valves hereto-
fore used, thus lessening the cost of construae-
tion, and because the valves are so light 'that
when running at a high speed there is little or
no shock from their ¢losing. It will likewise
be observed that the piston-heads C work up
close to the valves,and that there are no waste
spaces tofill with compressed air at each stroke
and lessen the efficiency of the compressor by
subsequent expansion.

The valves controlling the passage of air
from the outer cylinder are substantially the

| same as those just described.

KKach piston-head C is constructed with an
annular groove or channel, 2, in its inner side,

| which communicates with the outer eylinder

by holes or apertures 1. |

The valves K are made of corrngated metal,
similar to the valves J, just deseribed, and dif-
fer only from them in that they are secured at
the outer edge by being clamped between the
flanges a of the cylinder B and the piston-
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heads G, instead of being clamped around the

central opening, like the valves J. Though the
valves J and K are only here shown in con-
nection with an air-compressor, they, or simi-

| lar valves, are suitable for pumps of various

kinds. |

Li (see Jig. 2) designates valves -through
which air'is discharged from the cylinder B,
and which are contained in the piston E and
kept closed by means of springs j, as shown
most clearly in Fig. 2, These valves open in
opposite directions and control the passage of
alr through ports or passages in opposite sides
of the piston. Ifrom theright hand of the pis-
ton air passes through valve-openings k&, thence
to a cavity, [, in the piston, and out through
the hollow piston-rod F to the air reservoir or

| receiver. I'rom the left hand of the piston the

alr passes through.valve-openingsk,and thence
through apertures or ports m to the hollow
piston-rod I, To prevent any compressed air
from leaking through the opening in the pis-
ton-head C around the rod F, I surround said
rod by a pipe or tube, IV, which is rigidly se-
cured 1n the piston-head, and is provided at

95
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its outer end with a stuffing-box, I% and in

order to prevent any leakage from the eylinder
B to the atmosphere I place an annular pack-
ing, n, between the cross-head G and a nut, F?,
which aids in securing the piston-rod F in the
sald cross-head. |
Though the compressor is here shown as at
about the middle of its stroke, and not in op-
eration, the valves all being closed, its opera-
tion can be readily understood. If we sup-
pose, for instance, that motion be imparted to
the movable inner cylinder, B, and the piston-
heads C 1n a direction toward the right hand
of the drawings, as indicated by the arrow on

nel d’, the inside of the head being provided | the piston-rod, the inlet-valve J at the left-
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- be opened, drawing in a fresh supply of air,
~ while the valve K in the right-hand piston-

| ;:TO_

~inner eylinder upon one side of the Stationary
20

o stationary outer cylinder, a movable inner
30 ; 5 .
- der and movable with said inner cylinder, a
‘stationary piston fitting said inner cylinder,

35 hanhdebls _ |
- air from the outer to the inner cylinder and |

- for the discharge of air from the inner cylin-
der,substantially as and for the purpose speci-

 fied.
40

cylinder, piston-heads fitting said outer cylin-
~der and movable with said inner cylinder, a |

A4S
- the inner cylinder, discharge-valves for the
- 1nner cylinder arranged in the stationary pis-

~sistance upon the movable inner eylinder and

- geously used for compressing air to heavy

- charge-pipe, snbstantially as and for the pur-
~ pose specified. .

~a stationary outer cylinder, a movable inner

254,851 - 3

hand -end of the outer stationary cylinder will |

head C will be opened and the supply of air
1n the right-hand end of the outer cylinder, A,
forced through said valve into the right-hand
end of the inner cylinder. At the same time
the air which has been forced into the left-
hand end of the inner cylinder by the last pre-
ceding stroke is forced through the valves in
the stationary piston, and out through the hol-
low. piston-rod T. | _—

It will be observed that instead of the re-

piston-heads being nothing at the beginning
of the stroke, as in common air-compressors,
the resistance is equal to the pressure of par-
tially-compressed air contained in the movable

piston B. o

By myinvention I producean air-compressor
of very simple and compact construction and
light weight, and one which may be advanta.

pressures. )
What I claim as my invention, and desire
to secure by Letters Patent, is— |
1. The combination, in an air-compressor, of

cylinder, piston-heads fitting said outer cylin-

and the several valves, substantially as de-
scribed, for admitting air to each end of the
outer cylinder for controlling the passage of

2. The combination, in an air-compressor, of
a stationary outer cylinder, a movable inner

stationary piston fitting said inner eylinder,
inlet-valves for the outer cylinder, valves con-
trolling the passage of air from the outer to

ton, and a hollow piston-rod, to which said pls-
ton 1s attached, and which serves as a dis-

5. The combination, in an air-compressor, of

cylinderand piston-heads, valves for the proper

operation of said cylinders, a stationary pis- |

....

tially as specified.

ton fitting said inner cylinder, a piston-rod

therefor, and a tube surrounding said piston-

rod secured in one of the movable piston-heads

and provided outside thecylinders with a stuff- 6.
Ing-box which works upon said piston-rod,
substautially as and for the purpose specified.

4. The combination, in an air-compressor, of
a stationary outer cylinder, an inner movable
cylinder, piston-heads movable with said inner 6 5
cylinderand fitting said outer cylinder, valves
for the proper operation of the cylinders and
pistons, a water-inlet passage leading to the
annular space between the outer and inner cyl-
Inders and between the movable piston-heads, vo
and a water-outlet from said space, substan- -
tially as and for the purpose specified. -

5. The combination, in an air-compressor, of

a stationary outer cylinder constructed with a

surrounding jacket, a movable inner cylinder 75
and piston-heads, a stationary piston fitting

said Inner cylinder, valves for the proper op-
eration of said cylinders and pistons, a water-

inlet passage leading to the annular space be-
tween the inner and outer cylinders and be- 8o
tween the movable piston-heads, a port or ap-
erture leading from said annular space to the -

Jacket surrounding the outer cylinder, and a

water outlet or outlets from said jacket, sub-

stantially as and for the purpose specified. 85

0. The combination, with a valve opening
or openings in a valve-seat, of a valve com-
posed of a circular disk of corrugated spring
metal having a central opening and means for
securing 1t in place at one edge, substantially go
as specified. | | | -

. The combination, with a valve-seat hav- .
Ing in it an annular groove or channel and
openings communicating therewith, of a valve
composed of acircular disk of corrugated spring gg
metal secured to the seat near its center and

e,

overlapping said annular groove or channel,

substantially as specified.
8. The combination, with a valve-seat in

which is an opening or openings, and which 100

Is constructed with a projecting annular lip or

Hlange having an inclined inner surface form-

ing a conical or taper seat, of a valve composed
of a circular disk of corrugated spring metal
overlappingsaid opening oropenings and bear- 103
ing against the taper or conical seat, substan-

| | J. B. WARING.

 Witnesses: | | E
I. J. KEANE,

- CHANDLER HALL.
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