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To all whom it may concern :

Be it known that I, EBENEZER HILL, of
South Norwalk, in the county of Fairfield and
State of Connecticut, have invented new and
useful Improvements in Compound Air-Com-
i).ressors, of which the following is a specifica-

ion, : :
. This invention pertains to certain improve-
ments in compound air-compressors in which
two or more compressing-cylinders are used
and are driven by a steam-engine. v

The invention consists, first, in combining
two or'more air or gas compression pumps with
a steam-engine and a fly-wheel shaft in such a
manner that the piston-rod of the steam-en-
gine will be in line with the piston-rods of the
compression-pumps and either below or above
the fly-wheel shaft, and said shaft will be in
line with the center of the cross-head wrists
that drive the said fly-wheel shaft, as will
hereinafter appéar.

Second. This invention also consists in com-
bining with an air-compressing engine having
two or more compressing pumps or eylinders
aslide-valve or its equivalent, as an inlet-valve
to the first cylinder and operated by positive
mechanism from the main shaft of the engine,
as will hereinafter appear.

Third. Theinvention also consistsin combin-
ing a cooling or water-circulating apparatus
with two or more compression cylinders or
pumpsinsuch a manner that the water or cool-
ing agent begins to circulate around the first
compression-cylinder, and thence through con-
duitsleading tothesecond cylinder,and thence
around the second cylinder or pump, and so
on from the prior to the secondary pump in the
entire system, as will hereinafter appear.

In the drawings, Figure 1 is a partial sec-
tion and elevation of an air or gas compression
engine having two compression-cylinders and
a steam-engine with piston-rods in line with
each other and a circulating apparatus for a
cooling agent between the compression-cylin-
ders. Fig. 2 is asection of the slides with the
cross-head in elevation. Fig.3 is a plan of
the cross-head as seen from above it. Tig. 4
is a diagram to illustrate the relative positions
of the cross-head with the crank and main shaft.

At A is represented the Led or frame of the

machine, upon which is mounted the steam-
engine, as at B, and two compressor-pumps,
as at C and D, the one at O being the first or
inlet-pump for the first compression.

The fly-wheel shaft is at B located between
the steam-engine and one of the compressors,
sothat the entire mechanism may be combined
in a small and compact form upon the same
bed or frame. Theeylinders of the engineand
the compressors are all so located that their
piston-rods are in line, as represented at ¥ I
F?, and in this case are located below the fly-
wheel shaft, but may be above, if desired.
The piston-rod of the second compressor is in
faet an extension of the rod of the engine, as
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shown at Fig. 1, and extends through the ¢yl-

inder and connects to a horn,as at &, or ade-
pending projection from the cross-head,which
isshownat H,and which is mounted on slides,
as at K, in such a position that its wrists are
in the same plane with the fly-wheel shaft, and
therefore the crank-pins, as at L, on the fly-
wheels will have equal velocities in eqnal
spaces in any portion of their revolution, or
as illustrated in the diagram at Fig. 4, where
I8 is the main shaft, and L the crank-pin, and
G- the cross-head. Now, when the crank is
turned up, as shown in full lines, a certain an-
gle is made at L, and when the crank is turned
down to the opposite point, as shown in dot-
ted lines, the same is produced, and so through-
out the entire range of motion, the result be-
ing to make the forward and back stroke of
the piston in the same time. In such an ar-
rangement of the parts the power of this en-
gine is direct acting to the pumps, instead of
through cranks, as usually done, and the cross-
head is only required to regulate the speed by
firstimparting motion to the fly wheel or wheels,
as the case may be, and in turn from them to
the piston-rods. Said horn G, which connects
the piston-rods to the cross-head,ismade cone-
shaped, as at G/, and fits into a corresponding
box, as at G% which is fitted into the cross-

head, and is held in position by a cap and:

screw-bolt, as at G® and G*, so that said horn
may be rotated in said box, if desired.

Upon the lower end of the horn G is a hori-
zontal sleeve, as at G5, that receives the ends
of the piston-rods F’and I?, with conical ends,
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as shown,and that are fastened in thesleeve by
keys in the ordinary manner. : By such an ar-
rangement it is evident that if from any cause
the connecting-rods on one side should be a
little longer or shorter thanon the other thére
would be no cramping of the parts, as the
cross-head could vibrate on the conical-shaped
horn atG,and it also serves as an easy means
of adjustment. ‘

Concerning the second part of myinvention,
which pertains to the use of a slide:valve in
combination withcompound air-compressors, it
may be here remarked that theinlet-valvehere
shown at M is of the form known as the ¢ grid-
iron :slide-valve,” and it is operated by an ec-
centric, as at M, on the main shaft, througha
lever, M2, and a conneeting-rod, M3, which ¢én-
gages with the valve by lugs which extend
throughthecover of the valve-chest, and there-
by causes regular reciprocations, according to
the revolution of the main shaft; but I donot
wish to limit myself to slide-valves and eccen-
tries, but wish to nse any of the positively-op-
erated valves common to engines and pumps.
The qualities,; however, desired in a slide air-
inletvalvearelargeport-areaand a proper time
foropening 3 but in making a Jarge port-area a
large clearance-space is unavoidable, and said
space is objectionable from the fact that air at
cach stroke of the piston is compressed, but
not discharged, and hence a loss of efficiency
in the machiné ; but if the inlet-valve be kept
closed for a time: after the piston recedes on
its return stroke, then the air which has been
left behind in a compressed state will expand
until itreachesatmospheric pressure, and while
so expanding will return its pressure upon the
piston.” When theairsoexpanded hasreached
atmospleric pressure, then is the proper time
for opening the inlet-valve; but if opened be-
fore, then some pressure would be lost, and if
not till afterward, then a partial vacoum is
formed behind the piston. Now, if it were pos-
sible to preserve a constant pressure against
which the piston is working, thenavalve could
be easily constructed and set to work properly
under such conditions; but if there is any
changeinsaid pressores—as,forexample,where
a single cylinder is working into a reservoir
from which varying pressures are required—
then it is evident. a corresponding change
must be made in the time of opening the inlet-
valve; but suchacapacity oradaptation of the
parts would require very complicated mechan-
ism, and therefore to determine the exact time
at which said valve maybe opened and closed
a second compression - pump is employed, of
smaller diameter than the first,and into which
the air from the inlet-cylinder is forced. This
second cylinder encounters the varying press.
ures in the air-reservoir, and is provided with
the ordinary automatic puppet-valves, and

. hence the first pump only forces into the sec-
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ond and smaller pump, and the pressure in the
first never rises beyond a known point prede-
termined by the relative proportions of thetwo
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cylinders, and which is of course determined
when: the engines are constructed, and which
could not be the case if a seécond eylinider weré
not used. Again, the pressure in the inlet
pump or cylinder is much less than: the press-
ure of the reservoir, and henee the friction of
the slide-valve is much lighter than it would
be were the large cylinder todischarge directly
into the reservoir, or without any compound
cylinders or pumps, and therefore by such a
combinationall the heretofore-troublesome ob-
jections to the use of slide-valves in air-com-
pressors are overcome without loss of power or
costly attachments, and all the advantages. of
the serial and compounding pressures are at
the same time secured.

The third partof the inventionrelatesto:the
cooling devices,in which thin linings are used
for .the :compression - pimps, as already de-
scribed in a previous application for a patent,
one of said linings being shown at N in the
large .or: inlet: compressor at C, and which
forms a water-chamber, as at O, into: which
water is admitted through a pipe, as at P,and
after circulating around said thin lining inthe
first eylinder passes out through a pipe, as at
R, to a cooling apparatus, as at S, which is
intermediate between : the compressors G and
D. ' This cooling apparatus may be of any.de-
sired form; but, as here shown,is: cylindrical,
and contains thin tubes, as at T, through
which the air from :the first pump passes to
the: second, and the water: circulates around
them in the outer case, S.

Deflecting-plates, as at W, may also be in-
troduced to more thoroughly circulate the wa-
ter from side to side :in the outer casing, and
then the water is conducted by pipe R’ to the
water-chamber in the second cylinder, where
a thin lining is used, as in the first, and around
this the water circulates and finally passes off
through an outlet-pipe, as at X. As already
described, the water begins its circulation in
the first eylinder, and thence on through the
cooling apparatus, and then through the sec-
ond. This direction of the passage of the
water is very important, as the coldest water
comes in contact with the inlet-air cylinder,
where the first part of the total compression
is effected, and it is known to engineers that
the increment of heat from compression is
greatest during its early stages, and hence it
is desirable to have the cooling process most
efficient at that time. As the air during com-
pression passes through the machine the wa-
ter follows, and by reason of the successive
compressions the temperature of the air is
continnally above that of the water, and the
water continues to receive heat until finally
discharged, and thus a given amount of water
becomes hotter and carries away more heat by
circulating in the direction of the compression
than in any other way.

It is evident that in earrying out this part
of myinvention thecylindersmay be arranged
in a different position from that shown, and
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that the air-eylinders may be attached to dif- |-

ferent engines; also, that more than two
compressors may be used, if desired.
I'therefore claim—
5 1. The combination, with the cross-head, of
the horn G and its sleeve for connecting the
piston-rods of air-compressing pumps, as here-
inbefore set forth,
2. The combination of a positive-movement
10 air-inlet valve with compound  cylinders in
which serial compression is produced, where-
by the working pressure of the inlet-cylinder
is rendered practically uniform by the propor-
tionate sizes of the several cylinders, as here-

15 inbefore set forth.

3. In compound air-compressors, the combi-
nation of water-spaces in the cylinders and
intermediate cooling apparatus with suitable
inlet and outlet pipes, whereby the water will
be caused to circulate in the direction of the 20
air during the operation of compression, as
hereinbefore set forth.

“Intestimony whereof I have hereunto set my
hand and seal in the presence of two sub- -
seribing witnesses.

EBENEZER HILL. [L.s.|

Witnesses:
EvceNE N. ELioT,
CHAS. BARTRAM.



