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7o all whom it may concern: :

Be it known that I, Garoner Turrs Voor-
mEEs, a citizen of the United States of
America, and a resident of Boston, in the
county of Suffolk and State of Massachu-
setts, have invented a Multiple-Effect Gas-
Compressing Apparatus, of which the fol-
lowing is a specification.

My invention relates to multiple effect gas
compressing apparatus, particularly tocom-
pressors of refrigerating systems, particu-
larly of volatile liquid refrigerating systems.
Its objects are, to make simpler multiple effect
compressors and to more simply make ordi-
nary compressors multiple effect and by
the Insertion of a device 1n the suction pipe

of an ordinary compressor to make it maul-

tiple - effect without changing its cylinder
piston or valves and to enable such a single
device to make two or more ordinary com-

. pressors -multiple effect.

The nature of the invention enables a
compressor of a given swept volume of pis-
ton in its cylinder, by virtue of being multi-
ple effect, to have greater capacity or better
economy, or both, than an ordinary com-
pressor of - like displacement would have,

by enabling .the compressor to take into
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its eylinder seriatim, through a single open-
ing therein, gas at two or more different
suction pressures, in the increasing order of
said pressures. :

In the drawings which are on. three
sheets:—Figure 1 is a diagrammatic part
sectional elevatien of a refrigerating sys-
tem with ‘my invention applied to either
one or two single acting compressors. Iig.
2, is a diagrammatic part sectional eleva-
tion of two double acting compressors hav-
ing my invention applied thereto. Fig. 3,
is a diagrammatic part sectional elevation

of a two stage multiple effect suction device

with certain modifications. Fig. 4 is a dia-
grammatic part sectional elevition of a four
stage multiple effect suction device. Figs.
5 and 6 are elevations, partly in section, of
a modified form of two stage device having
a Corliss type of valve, Fig. 5 heing sec-
tioned on line 3, 5 of Fig. 6 and Fig. 6 being
sectioned on lne 6, 6 of Fig. 5. Figs. 7
and 8 are parts of indicator cards (toes)
taken from the cylinder of.a compressor,
Fig. 9 is a diagrammatic part sectional ele-
yation of a part of a compressor showing
the essential parts of a two stage device as
an integral part of the compressor’s cylinder
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‘and past valve d, into
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head. Fig. 10 is a diagrammatic part sec- -

ticnal elevation of a single acting compres-
sor with a modified form of multiple effect
suction device, having a rotating valve, and

is sectioned on line 10—10 of Fig. 11. Fig,

11 is a diagrammatic part sectional plan of
the rotating valve, casing, connections, etc.,
of Fig. 10, sectioned on Iine 12—12 of Fig.
10. Iig. 12 is a- diagrammatic part sec-
tional elevation of a single acting compres-
sor, with another modified form of rotating
valve, and wherein the ordinary suction or
discharge valves of a common compressor
can be replaced by the rotating valve and
is sectioned on line 12—12 of Fig. 13. Fig.
18 is a diagrammatic part sectional plan of
the rotating valve, casing and connections
of Fig. 12 sectioned on line 13—13 of TFig.
12. Trigs. 14, 15, 16, 17 are diagrammatic
sectional elevations of rotating valve, cas-
ing and connections of Fig. 10, showing dif-
ferent positions of the rotating valve. Figs.
18, 19, 20 are similar diagrammatic sections
of the rotating valve its casing and connec-
tions of Fig. 12. Fig. 21 is a series of in-
dicator diagrams taken from a compressor
cylinder. Fig. 22 is an enlarged portion of
the toes of the cards of Fig. 21. Fig. 23 is
a diagrammatic section of a special valve,
to fit in casing and replace the valve of Fig.
12, to do away with the ordinary discharge
valve of Fig. 12. Fig. 24 is a diagrammatic
part sectional elevation of two “ valve in the
piston type” compressors with a two stage
multiple effect suction device. o

In all the figures similar parts generally
have like letters or numbers sometimes with
different subscripts.

In Fig. 1, liquid anhydrous ammonia flows
from’ condenser B (cooled by any desired
means as by water trickling over its surface)
through %)ipe 1, 2, 8,.4 to expansion valves

rigerators, C,, C,. Heat from any
desired source, from products being cooled,
evaporates the liquid. ammonia in these re-
frigerators; in refrigerator C, at 15 pounds
absolute pressure per square inch, and in
refrigerator C, at 20 pounds pressure. The
low pressure gas from refrigerator C, flows
through pipe 7, 8 to low pressure suction
chamber @ of multiple effect suction device
D, forces open valve v, and flows past it into
‘main chamber z and.through pipe 9 to suc-
tion valve chamber ¢, (of compressor A,)
(%ylinder a, and con-

r

tinues to fill cylinder ¢, from the time piston
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5 valve f, through chamber ¢,

o

b, started on its down stroke, or suction
stroke, until any desired point in its stroke
as at b, (here just before the end of the down
stroke). During this time the higher pres-
sure gas from refrigerator C, flowed through
pipe 10, 11 to high pressure suction valve
chamber y of multiple effect suction device
ID. When piston b, reaches the position
shown a further downward movement of it
causes a projection %, carried on its piston
rod ¢, to engage arm 7, and pull valve stem./
and so open valve v, which allows the high
pressure, gas from chamber y to flow past
valve v, into chamber z and through pipe
9, chamber e,, past valve d,, into cylinder
a, to join and partially compress the low
pressure gas therein. Valve v, being kept
shut by the superior pressure on its free face.
Then a little upward movement of piston b,
releases &, from arm j, and the pressure in
cylinder a, rises due to compression so clos-
ing valve d,, and when the pressure is suffi-
cient valve f, is forced open and the com-
pressed gas discharged frem cylinder a, past

and pipe 12, 14
to condenser B wherein it 1s condensed to a
liquid and.again starts on its cycle through
pipe 1, 2, ete. And on the beginning of the
down stroke of piston b; valve f, closes and
valves Z, and », open and valve v, shuts, all

because of proper differences of pressure on

their faces and the cycle is repeated. An
indiactor card taken from cylinder a, would
be like 1, 4, 14, 16, 1 of Fig. 21 and its toe

5 like, b, 8, 4 of Fig. 225 v v being the vacuum

line, 1, 3 the admission, or suction line, of
15 pound pressure gas, 3 the point where

~ valve s, opened to admit 20 pounds pressure

50

" how projection &, can engage pivoted piece 7,

60

65

gas, 4 the point where valve d, closed and
where compression began, 4, 14 the compres-
sion line, 14 the point where valve 7, opened ;
14, 16 the discharge line, 16 the point where
valve f, closed and 1 the point where valves
d, v, opened and where valve v, closed. An
ordinary card, without the use of device D,
taken from compressor A, at 15 pounds suc-
tion pressure, would be 1, 2, 15, 16, 1, the
relative lengths of lines 14, 16 and 13, 16
indicating generally the increased weight of
ammonia handled by the two stage compres-
sor just described. It.will be clear to those
ckilled in the art without further description
how compressor A, can similarly be served
with 15 and 20 pound pressure gas by device
D, and how projection %, on piston rod ¢,
can engage arm j, to operate valve v, or

pivoted at m, and so engage arm §, to open
valve v, through its stem A. In compressors
A, and A, the pistons b, b, always move in
opposite directions and valve d, or d, is

always closed during compression in its cyl-

inder by the superior pressure on the cyhn-

dér face of the valve. - In the type of com-

pressor here shown. it is desirable to have

982,753

the gas passage as 16 of compressor A, cut
off from valve chamber e,, as is done with a
simlar passage 17 of compressor A,, by a

| partition 18, to avoid clearance thereby. It
is here evident that passage 17 can connect:

with low pressure or high pressure suction
gas by having valve 19 open and valve 20
shut or vice versa. It is preferable to have
the high pressure suction pressure under the
piston in this type of compressor for by so
doing, although the mean effective pressure
is the same, yet the down thrust during com-
pression and discharge on piston rod, and so
on all the parts to take it up, is less than if
the low pressure gas were under the piston.

In Fig. 2 compressors A, A, are double
acting and their pistons b, b, move in oppo-,

site directions. As parts similar to those of

Fig. 1 generally have similar letters or fig-
ures, some with different subseripts, it will
be clear to those skilled in the art without
further description how device D can serve
one double acting compressor or the two
double acting compressors and how, first low
pressure and then-high pressure suction gas
is admitted to and compressed .in cylinders
a, and @, at the same time; on the upper side
of piston b; when on the under side of piston
b, and vice versa. ~The compressed gas be-
ing discharged from cylinders ¢; a, through
pipes 6, 14 and 7, 14 or through pipes 5, 14
and 13, 14. Pipe 8 is for low pressnre and
pipe 11 for high pressure gas as in Fig. 1.
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In Fig. 3 low pressure gas is conducted to \

chamber z of device D, through pipe 8 and

' to chamber y through pipe 11 and both high

and low pressure gas Hows from chamber 2
through pipe 9 to a compressor’s suction.
valve chamber (not shown here) like ¢, of
Fig. 1. ¢ is a piston rod of a comipressor,
(not shown) having rojection k. Refer-

ring again to Fig. 11t 1s observed that valve
v, opens against a higher pressure on its
under side than on its upper side and so re-
quires a pull on 'stem / sufficient to overcome
this unbalanced difference of pressure on the
valves’ faces. In order to nearly balance
valve #, I sometimes provide its stem /4 of
Fig.'3 with a piston p of smaller area than
that of valve »,, said piston fitting in_cyl-
inder ». Then I connect chamber z and the
under side pisten p by pipe 1, 2 and so
nearly balance », when valve 3 is open. If
desired valve v, may be actuated by piston p

it the piston’s area is greater than that of

valve v,. To do this I shut valve 3 and open
valve 4 and provide an auxiliary cylinder 7,
with piston valve-p, having rod A, and army
7 adapted to be engaged by projection %,
When projection % engages arm j and moves
it from the full line to the dottéd line posi-
tion, piston valve p, is moved from its full
line to its dotted line position through rod 2,
and so allows communication through pipes
14, 18 and 7, 10 of low pressure gas on the
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" under side of piston p and - (because of un-
i it -opens’
_valve v, by a pull on rod A. When arm j

balanced ' pressure on - piston p)
and therefore piston valve p, have returned
to their full line positions through the up-
‘ward movement of %, and because of the

“high pressure on the Tower -side of - piston

10

valve  p; then both the upper and wun-

“der ‘sides of piston p are exposed to high

pressure through pipes 5, 6 and 13, 14 and
<0, when 'the pressure in chamber 2 is again

~less than 'that in chamber ¥, valve v, is shut

S

20

2B

pressures, four such suction inlets

by piston p through stem /4 because of the
unbalanced pressure on the two sides ‘of
valve w, ' o S

Fig. 4 shows how the device D, may have
additional inlets for other higher suction
being
shown. When piston b of compressor A 1s
at a desired position as near the end of its
suction stroke, after having taken in 15

pound pressure gas through inlet 8, cham- .
“ber x, past valves v,

‘ and 4 through cham-
bers z and e then arm %, actuated from piston

g'od_o,(connection not shown) engages pro-
jection “j, on stem &, and opens valve v,

and so allows 20 pound pressure gas sup-

‘, 30

35

40

‘45

~ pound- pressure gas
_superior ‘pressure

1

: Pl‘OiectiOIlé Jidads
- of superior pressure in cylinder @ and valve f
is forced open by superior pressure and the
_compresse

55

plied to chamber y, through pipe 11 to flow
to cylinder a past valves v, v, & and through
chambers z and e to join and partially com-
press the 15 pound pressure gas in cylinder
a, the superior:
ting valve ‘w5
position %, and engages
stem 4, and’ opens valve v, and  so allows
25 pound pressure gas supplied to.chamber
y, through ’Pipe 11, to flow to cylinder a

past valves ¥, v, d-and ‘chambers z and ¢ to

Join and partially compress, the 20 pound
‘pressure gas in cylinder g, the superior pres-

Y

sure in chamber z shutting valves v, and 2
Then arm £, is moved to position. &; and en-
gages projection j, on stem A, and opens valve
», and so allows 30 pound pressure gas sup-
plied to chamber y, through pipe 11, to flow
to cylinder ¢ past valves v, & and chambers 2

and ¢ to join and partially compress the 25
in~ cylinder a, the:
'z shutting:

in~ chamber
valves v, @, v, Then piston b begins its
compression stroke -and arm &, disengages
and valve d closes becanse

gas. discharged  past . valve f

through' chamber

that valve d opens and the pressure in cham- {

" ber z falls so that valve v, again opens and

60

valves v, v, v, shut and the cycle is repeated.

. An indicator card taken from cylinder a.is

o5

‘shown in Figs. 2
dicates. suction
_gas, point 8 the

‘and 22 where line 1,8 in-
ine of 115 pound pressure
opening of valve ¥, line 8,

‘9 compression of 15 pound pressure gas by -

982,753

compressor’s cylinder
ber @ past valve v, chamber z connection

pressure in chamber 2 shut--
.Then arm %, is moved to.
projection 7, on.

g and pipe 14 and the:
viston & then starts a new suction stroke 50

-the low. pressure

20 pound pressure gas; point 9 the open-
ing of wvalve v,, line 9, 10 compression
of 20 pound pressure gas by 25 pound pres-
sure gas, point 10 opening of valve v, line
10, 11 compression of 25 pound pressure gas
by 80 pound pressure gas, point 11 the ‘be-

ginning of compression of gas by piston 0.
which continues as shown by line 11, 12;

point 12 opening the valve f; line 12,16 dis-

charge of gas from cylinder ¢ past valve f,

point 16 the point of closure of valve f and

70

5

the ‘beginning of the suction stroke and

_point 1 the opening of valves », d and clos-

ing of valves v, v, V. o
In Figs. 5 and 6 device Dy has'a Corliss

type of valve v,, here 8 is the low pressure.

inlet leading to valve chamber » having
valve v, provided with cage 1, spring 2, stem
3, disk 4, pin 7. Corliss valve v, is in cham-
ber y having high pressure suction inlet 11

“and is actuated by stem A and link mecha-

nism %, %y actuated from an eccentric or

some moving part of a compressor not shown.

In operation chamber 2 is connected through
connection 9 to a suction valve chamber (as

‘¢, of A, of Fig. 1 of a compressor not

Low pressure gas flows to the

shown).
through inlet 8 cham-

9, up to any desired point of a piston’s po-
sition in the cylinder of the compressor,
then preferably, either near the end of the
suction stroke of said piston, at the end of
its suction stroke or at the start of its com-
pression stroke, the link: mechanism %, A,
actuates stem A and valve », and opens com-
munication. of chambers y and z through
port 10, link mechanism 2. A, and valve v;
being moved from full line to dotted . line
positions. Now high pressure gas from con-

nection 11 flows through chamber y past

valve o, through port 10 and chamber 2
and connection 9 to join the low pressure

‘gas in the compressor’s cylinder and par-

tially compress it. Then link mechanism
h, h, is again moved to its full line position
thereby cutting
bers 7 and # and the gas in the compressor’s
cylinder is compressed and. discharged by
the compressor’s piston. If: desired the
Corliss valve v, can have a trip motion like

that of a steam valve of a Corliss engine

to shut it quickly. If-valve v, opened near

off communication of cham-

80
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the end of suction stroke and closed near the

beginning' of a compression stroke the toe

‘of an indicator card taken from the com-

pressor’s cylinder would be like Fig. T
where # » is the vacuum-line; 3, 4 part of
admission line, 4 the point
of opening of the valve v,; 4, 5, 6, 7 the
compression. line of the low by the high
pressure gas_and 7 the point of closure of
valve v, and 7, 8 part of the . compression
line. .If valve v, opened at the end of ‘a

‘suction. stroke the toe of an indicator card

120

125

130
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taken from the compressor’s cylinder would
be like Fig. 8. 3, 4 being part of the low
pressure admission line, 4 the point of open-
ing of valve v,; 4, 5 the compression line of
the low by the high pressure gas; 5 the point
of closure of valve v, and 5, 6 part of the
compression line. .

If desired a compressor’s cylinder head as
shown in Fig. ¢ can contain the essential
parts of a multiple effect suction device,
here shown as such a two stage arrangement.
Here: low pressure gas enters chamber
through pipe 8 and high pressure gas enters
chamber~y through pipe 11 and gas is dis-
charged from compressor through pipe 14,
chambers z and e are so closely connected as
to practically form one chamber. The oper-
ation is similar to that of device D with
compressor A, of TFig. 1 as will be clear to
those skilled in the art without further de-
scription. '

Valve v, may be of any desired ‘type to

fulfil its requirements, as the puppet type

of Figs. 1, 2, 3, 4, 9, the Corliss type of
Figs. 5, 6 or fany other type, a rotating
type being shown in Figs. 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 23. In TFigs.
10, 11 the piston b of compressor A is re-
ciprocated by a connection ¢ pivoted to pis-
ton 4 at 1 and to crank 2 at.3, crank 2 is
actuated by shaft 4 driven from any desired
source of power and having gear 5 which
drives gear 6 having shaft 7 and gear 20
which drives gear 21 having shaft A con-
neeted to rotating valve »,. Valve v, is
cylindrical - or: slightly tapering and so
slightly conical and fits in casing 23 hav-
ing connections; 9 leading therefrom to
valve chamber ¢; 11 for 20 pound pressure
gas; 11, for 25 pound pressure gas; 11,
for 30 pound pressure gas. Valve v, has slots
24 and 235 to cause connections seratim
between connection 9 and connections 11, 11,
and 11,. Different positions of valve », in
its casing are shown in Figs. 14, 15, 16, 17.

In operation 15 pound pressure gas enters
chamber # through pipe 8 and flows past
valves.», d through chamber e to cylinder 4,
during. the time valve =, has revolved with
no communication between connection 9,
slots 24, 25 and connections 11, 11,, 11, and
until piston & (as shown in in Fig. 10), has
nearly reached the end of its suction stroke.
Then as shown in Fig. 17 slot 24 allows
communication between connections 11 and
9 and so 20 pound pressure gas flows to
chamber ¢ and by its superior pressure closes
valve », and flows past valve d to join and
partially compress the 15 pound pressure
gas in cylinder ¢ and then valve », revolves
so slot 24 closes this communication and
then opens communication between connec-
tions 9 and 11, as shown in Figs. 14 and 13
and allows 25 pound pressure gas to join and
partially compress the 20 pound pressure gas

082,753

in ¢ylinder @, then as shown in Fig. 15
valve v, further revolves and cuts off this:
communication, then as shown in Fig. 16
slot 25 now allows communication between
connections 9 and 11, and allows 30 pound
pressure gas ‘to join and pagtially compress
the 25 pound pressure gas in cylinder ¢ and
then closes this communication as shown in
the valve section of Fig. 10 and the valve »,
then further revolves during the compres-
sion stroke of piston b and allows'no com- .
munication of connection 9 through the
slots 24 and 25 with the other connections
until near the end of the next suction stroke
of piston . The compressed gas being dis-
charged  from cylinder a past valve
through chamber ¢ and pipe 14. If desired
valve o, can serve another compressor’s’
stroke of same compressor if double acting,
or of another compressor, during its revolu-
tion, by a duplicate set of connections 9,, 11,
114, 11,, as shown dottod in Fig. 10. An
indicator card from cylinder ¢ as shown in
Figs. 21 22, is 1, 8, 9, 10, 11, 12, 16, 1.
Puppet suction valve d or puppet dis-
charge valve f of Fig. 10 may either or both
be dispensed with by a modified form of
valve, ¢ne type of which is shown in Figs.
12, 13, 18, 19, 20 and another form of this
type for dispensing with the discharge valve
f 1s shown in Fig. 238. When the discharge
valve f is dispensed with its port is shown
closed by dotted line ¢, of Fig. 10. When
the discharge valve f is used and the suc- .
tion valve & of Fig. 10 is dispensed with as 100
in Fig. 12, the compressor A has piston b
reciprocated by connection ¢ pivoted to pis-
ton b at 1 and to crank 2 at 3, crank 2 is
actuated by the shaft 4 driven from any
desired source of power and has gear 5
which drives gear 6 having shaft 7 and gear
20 which drives gear 21 having shaft A con-
nected to rotating valve v,, valve », is cylin-
drical or slightly tapering and so slightly
conical and fits in a casing 23 having con-
nections; 9 leading therefrom to cylinder ¢,
8 for 15 pound pressure gas, 11 for 20 pound
pressure gas, 11, for 25 pound pressure gas.
Valve », has slots 24, 25, 26 to-cause com-
munication seriatim between connection 9
and conmections 8, 11, 11,. Different posi-
tions of valve », in its casing are shown in
Figs. 18,19, 20. In operation 15 pound pres-
sure gas flows from connection 8 through
slot 26 and connection 9 to cylinder a, dur-
ing the time valve », has revolved with con-
nection 8 communicating with connection 9
through slot 26, the start of such communi-
cation being shown in Fig. 18, and until pis-
ton & (as shown in Fig. 12) has nearly
reached the end of its suction stroke. Then
as'shown in Fig. 19 slot 26 revolves to cut
off this communication and slot 24 opens
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communication between connections 11 and
9 so that 20 pound pressure gas joins and 130




partially. compresses the 15 pound pressure
gas in cylinder @ and then valve vy revolves
so slot 24 cuts off this communication and
slot 25 revolves into place to permit com-
munication between connections 9 and 11, as
shown in valve section of Fig. 12 and 25

pound pressure gas joins the 20 pound pres-
“sure gas in cylinder ¢ and partially -com--

. presses it and then valve v, revolves to cub

10

“15

20

25

off this communication as shown in Fig. 20
and further revolves during the compressor’s

stroke with no:slots opening to allow com-

munication between connections until near
the end of the next suction.stroke. = The
compressed ‘gas being discharged from cyl-
inder @ past valve f through chamber g and
pipe 14.  An indicator card from cylinder a
would be like 1, 5, 6, 7,13, 16, 1 of Figs. 21,
‘and 92. If desired valve v, can serve an-
other compressor’s stroke of same compres-

-sor if it be double acting, or of another com-

pressor, during its rev_oﬁitfion, by a duplicate
set of connections 8,, 9, 11;, 11, shown
dotted, If desired valve f of Fig. 12 is dis-

pensed with, then Fig. 23 valve v, a modi-

fication of valve v, in that the position of

" slot 24 is changed and its width is greater, is

used. Valve z, fits in and ‘revolves. in .the

~same casing with the same connections, some
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of which are used for different purposes,
as shown in Figs. 12, 13. The operation Is as
follows: see Fig. 23 with Figs. 12 and 13.
15 pound pressure gas flows from connec-
tion 8 through slot:26 and connection 9 to
cylinder ¢ from beginning until near the
end of suction stroke of piston b when this
communication closes as valve », revolves
and slot 25 then allows communication be-
tween connections 11, and 93 20 pound pres-
sure gas now flowing from connection 11, to
join and partially compress the 15 pound
pressure gas in cylinder ¢, a further .revolv-
ing of valve », cuts off this communication
and allows no communication for part of
the compression stroke-of piston & when slot
24 revolves into position to permit.commu-
nication of connections' 9 and 11 and the
compressed |gas' is discharged from cylinder
- through connection 9, slot 24 and connec-
tion 11 until the end of the compression
stroke when valve v, so revolves that slot
94 closes this communication and on the
beginning of the next suction stroke slot
26 again opens communication between con-
nections 8 and 9. “ An indicator card from cyl-
inder ¢ would be like 1, 3, 4, 14, 16,1 of Tigs.
o1, 92, If desired valve w, can serve an-

other compressor’s stroke. of same. compres-.

sor if it be double acting, or of another com-
presser, during its revolution, by a:duplicate
set of connections -8, 95, 11y, 117 shown
dotted. | ‘ Lo

In Fig. 245 A, A, are two “valve in pis-

~ton type " single acting compressors having
valves d, and d, in their pistons b, and 0.

082,753

S

If my device D, is applied to one of these
compressors as to A, 1ts operation is similar
to that described in Fig. 1. With valve d,
omitted and compressor A, not in use, low
pressure gas enters'chamber & through pipe
8 passes valve v, chamber 2 and pipe 9 to
the under side of piston b, in cylinder a,
and continues to so fill eylinder o during
the movement of piston b; from its full line
to its dotted line position, or during its com-
pression stroke, for discharging gas from the
upper side of its piston past valve f,,
through chamber ¢, and pipe 12, 14. Then
piston” b, moves from its dotted to its full

line position and the low pressure gas in

70
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cylinder @, is transferred past valve d, from

the under to the upper side of piston b,.
And ‘when piston b, reaches the full line
position shown, a projeetion %, on its piston-
rod ¢, engages arm #, and through stem 4
opens valve v, and allows higher pressure
gas to flow from pipe 11 through chambers
y and z and pipe 9 into cylinder a, and past
valve d, to the upper side of piston &, to
join and partially compress the low pressure
gas in cylinder e, then the up or compres-
sion stroke, of piston &; is repeated and so

‘the above cycle is repeated. It is evident

that in the above described cycle, the space
below piston &, is the equivalent of cham-
ber e, of Fig. 1. If the device Dy is toserve

‘both compressors A, and A, operated from

a common source of power so that their pis-
tons always move in opposite directions, by
a single opening of valve.v,, the operation is
as follows: valve d, and projection %, be-
ing omitted. The operation of compressor
A is as was just described, but when higher

“pressure gas is-admitted .to its cylinder e,

through valves v, d, to the upper side of
piston b, in its full line position, to join and

‘partially compress the low. pressure gas in

cylinder a,, higher pressure gas is at the

‘same time admitted to cylinder e, through

valves v, d, and pipe 9* to the under side

of piston b, in its full line position to join

and compress the low pressure gas in cylin-

“der a,, piston b, having just discharged com-

pressed gas through valve f,; chamber g,
and pipe 13, 14." Then on the down stroke
of piston b, from its full to dotted line posi--
tion the higher pressure gas in cylinder a,
is transferred through valve d, from the
under to the upper side of piston &, and on

‘ the return or upstroke from the dotted to

the full line position of piston b, the gas
above the piston is again compressed and.
discharged -and low pressure gas is taken
in below piston b, through valves v, d, and
conduit 9* until the full line position of piston
%, is'again reached and until higher pressure-
gas is again admitted to cylinder e, &s just
described. - Here it is evident that valve d,
prevents flow of high pressure gas from cylin--
der a, to cylinder ;.and thatas high pressure
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gas is admitted to cylinder a, on the under-
side of piston b, to compress the low pres-

sure gas, valve d, is here the equivalent of

valve d, of Fig. 1. If it is desired to have
higher pressure gas from valve », admitted
first to cylinder a, and then a, seriatim to
the under sides of pistons b, &, then valve
d, and projection %, are added, %, adapted
to engage arm j, of stem %, and higher pres-
sure gas is admitted seriatim to a cylinder
full of low pressure gas each time piston b,
Is in its dotted position and each time piston
b, is in its fui)l line position. F

evident that valves d, and d, of Fig. 24
now serve only as check valves during com-
pression strokes and as transfer valves dur-
Ing suction strokes, and valves d, d, are
the equivalents-of valves d, d, of Fig. 1. It
will also be evident to those skille in the
art without further description how addi-
tional higher pressure suction: valves as
shown and described in Fig. 4 and as other-

.wise shown and described can be added to

device D,
Claims. :
1. In a gas compressor, the combination

of a cylinder, a piston fitting in said cylin-

der, means to reciprocate said piston insaid
cylinder, a port cpening into said cylinder,

a low pressure suction conduit leading to

said port from a source of low pressure gas,

of Fig. 24.

-a higher pressure suction conduit leading to

said port from a source of higher pressure
gas, said higher pressure source being ex-
ternal to said compressor, a discharge con-
duit leading from a port opening into said
cylinder to a high pressure gas receiver,
valves adapted for seriatim governing com-
munication of said conduits, one at a time,
with said cylinder inthe increasing order
of their pressures and for preventing com-
munication of said conduits with each other.

2. In a gas compressor, the combination
of a cylinder, a piston fitting in said cylin-
der, means to reciprocate said piston in said
cylinder, a port openirng into said cylinder,
a low pressure suction conduit leading to
said port from a source of low pressure
gas, a plurality of higher pressure suction
conduits leading to said port from a plural-
ity of sources of higher pressure gas of dif-
ferent pressures, said higher pressure sources
being external to said compressor, a dis-
charge conduit leading from a port opening

into said cylinder to a high pressure gas re-

ceiver, valves adapted for seriatim govern-
ing communication of said conduits, one at
a time, with said cylinder in the increasing
order of their pressures and for preventing
communication of said conduits with each
other. - '

3..In a gas compressor, the combination of
a cylinder, a piston fitting in said cylinder,
means to reciprocate said piston in said cyl-
inder, a port opening into said .cylinder, a

Here it is
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low pressure suction conduit leading to said
port from a- low pressure refrigerator, a
higher pressure suction conduit leading to
said port from a higher pressure refriger-
ator, a discharge conduit leading from a port
opening into said cylinder to a condenser,
valves adapted for seriatim governing com-
munication of said conduits, one at a time,

with said cylinder in the increasing order of.
their pressures and for preventing communi-

cation of said conduits with each other.
4. In a gas compressor, -the combination
of a cylinder, a piston fitting in said cyl-

inder, means- to reciprocate said piston in

said cylinder, a port opening into said cyl-
inder, & low pressure suction conduit leading

70

75

80

to said port from a low pressure refrig- -

erator, a plurality of Higher pressure suc-

tion conduits leading to said port from a
plurality of higher pressure refrigerators of
different pressures, a discharge conduit lead-
ing from a port opening into said cylinder
to a condenser, vafves adapted for seriatim
governing communication of said conduits,
one at a time, with said cylinder in the in-
creasing order of their pressures and for
preventing communication of said conduits
with each other,” -+ . ..

5. In a gas compressor, the combination
of a cylinder, a piston fitting in said cylin-
der, means to reciprocate said piston in said
cylinder, a suction port opening into said
cylinder, a low pressure suction' conduit
leading to said port from a source of low
pressure gas, a higher pressure suction con-

‘duit leading to said port from a source of
higher pressure gas, said higher pressure

source being external to said compressor, a
discharge port opening into said cylinder,
a discharge conduit leading from said dis-
charge port to a high pressure gas receiver,
valves adapted for seriatim governing com-
munication of said conduits, one at a time,
with said cylinder in the increasing order of
their pressures and for preventirig communi-
cation of said conduits with each other; -

6. In a gas compressor, the combination
of a cylinder, a piston fitting in said cylinder,
Ineans to rec:procate said piston in said cylin-
der, 2 suction port opening into said -cylin-

said port from a source of low pressure gas,
a plurality of higher pressure suction con-
duits leading to said port from a plurality
of sources of higher pressure gas at differ-
ent pressures, said higher pressure sources
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der, a low pressure suction conduit leading to
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being external to said compressor, a dis- -

charge port opening into said cylinder, a

discharge conduit leading from “said dis-

charge port to a high pressure gas receiver,
valves adapted for seriatim governing com-
munication of said conduits, one at a time,

with said cylinder in the increasing order ;

of their pressures and for preventing com-
munication of said conduits with each other.
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‘ & In a gas coinpressof, the combihation;of ‘
a cylinder, a piston fitting in said cylinder,

means to reciproecate said piston in said cyl-

inder, a suction port opening into said cyl-
inder, a low pressure suction conduit lead--
“ing to.said port from a low pressure refrig-
_erator, a higher pressure suction conduit

_leading to said port from. a higher pressure

10
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.30

refrigerator, a discharge port cpening into
'said eylinder, a discharge conduit leading:
" from.said discharge port to a ‘condenser,

valves adapted for seriatim governing com-

munication of said conduits, one at a time,
~with said eylinder in the.increasing order

of their pressures and for preventing com-
munication of said conduits with each other.

- 8. In a gas compressor, the combination of
_a cylinder, a piston fitting in said cylinder,

means to reciprocate said piston in said cyl-
inder, a suction- port -opening into said eyl-

‘inder, a low pressure suction conduit lead-
.ing to said port from alow pressure refrig-
erator, a plurality of higher pressure suc-.
tion conduits-leading to said port frem a.

plurality of higher pressure refrigerators at
different” pressures, a discharge port open-
ing into said cylinder, a discharge.conduit
leading from said discharge port to a con-
denser, valves adapted for serigtim. govern-

‘ing communication of said conduits, one at

a ‘fime, with said cylinder in the increasing

~order of their pressures-and for preventing
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~ port opening ‘
“from said.low pressure suction valve chani-

p0

communication of said conduits with each

other. . : e .
9. In a gas compresscr, the combination of
a cylinder, a piston fitting in said cylinder.
means to reciprocate said pisten in said cyl-
inder, a'discharge valve chamber, a port
opening - into said cylinder from sa1d “dis-
charge valve chamber, a puppet discharge
valve adapted to govern said port, a conduit

leading from said .discharge valve chamber

to a high pressure gas recelver, a main valve
chamber, a port opening into said cylinder
from ‘said main  valve chamber, a puppet
suetion valve adapted to  govern said port,
a low pressure suction valve chamber. a

gnt() said main valve chamber

ber, ‘a puppet  suction- valve adapted - to
govern said port, a conduit feading -from a

sourcé of low pressure gas to said low pres- |

. “sure suction valve chamber, a higher pres-

60

~ternal to the gas compressor. .

268

sure suction valve chamber; a port opening:
‘into said main ‘valve chamber® from: said’

higher pressure suction. valve chamber, .a
suction” valve adapted to be actuated from

said piston’s reciprocating means to govern

said”port, a conduit leading from a source

of higher pressure gas to said higher pres-.

sure valve chamber, said source being ex-

10: In a gas compressor, the combination

"ot cylinder; a piston fitting in said eylin-
der, means to reciprocate said ‘piston  in

said éyliﬂder, a. discharge valve chamber, a
port opening inty said cylinder from said

-discharge = valve. chamber, a puppet dis-

charge valve adapted to govern said. port,
a conduit leading from said discharge valve
chamber to a high pressure gas receiver, a
main valve chamber, a port opening into

“said cylinder from said main valve chamber,

a puppet suction valve adapted to govern
said port, a low pressure suction valve
chamber, a port opening into said main
valve chamber from said low pressure suc-
tion valve chamber, a puppet suction valve
adapted to govern said port, a conduit lead-
ing from a source of low pressure gas to

said low pressure suction valve chamber,
“a plurality of higher pressure suction valve
chambers, ports opening into the main valve-
of said plarality of -

chamber from each
chambers, suction valves adapted to be ac-
tuated from said piston’s  reciprocating

‘means to govern each of said plurality of

ports, puppet suction valves adapted for
governing all except the highest pressure
port of said plurality. of ports, conduits
leading from a plurality of higher pressure
sources of gas at different pressures to the
plurality of suction valve chambers, such
sources being external to the gas com-

- pressor: S

11."In a gas compressor, the combination

der, means to reciprocate said piston in said
cylinder, a discharge valve chamber, a port

‘opening into said cylinder from said dis-

charge valve chamber, a puppet discharge
valve adapted to govern said port,a: conduit

leading: from 'said discharge valve chamber

to a condenser, a main valve chamber, a port

opening into said cylinder. from said main-

valve chamber, a puppet -suction valve
adapted to govern said port, a low pressure

" suction valve chamber, a port-opening into

said main valve chamber from said low
pressire suction valve chamber, a puppet

chamber, a higher suction valve chamber, a
port opening ‘into said main valve chamber

from said higher suction valve chamber, a

suetion ‘valve adapted to be actuated from

“snid.piston’s reciprocating means to govern

said port, a conduit leading from a higher

‘pressure  refrigerator- to_said higher pres-

sure suction valve chamber. ...
12. Tn a gas compressor, the combination

.of a cylinder, a piston fitting in said cylin-

der, means to reciprocate said piston in said

cylinder, a-discharge valve chamber, a port
opening into ‘said cylinder from said dis-

charge valve chamber, a puppet discharge
valve adapted to govern said port, a con-

“duit :leading ~from said discharge valve
-chamber to a condenser, a main valve cham-

7.
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“of a cylinder, a piston fitting in said eylin-. :

100

110

‘suction valve adapted to govern said port,
| -a-conduit leading -from a low pressure re-
Arigerator to said low pressure suction valve
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ber, a port opening into said cylinder from
said main valve chamber, a puppet suction

valve adapted to govern said port, a low |-

pressure suction ‘valve chamber, a port
openihg into said main valve chamber from
said low pressure suction valve chamber, a
puppet suction valve adapted to govern said
port, a conduit leading from a low pressure
refrigerator to said low pressure suction

valve chamber, a plurality of higher pres-.

sure suction valve chambers, ports opening
into the main valve chamber from each of
said plurality of chambers, suction valves.
adapted to be actuated from said piston’s
reciprocating means to govern each of said
plurality of ports, puppet suction valves
adapted for governing all except the high-
est pressure port of said plurality of ports,

conduits leading from a plurality of higher

pressure refrigerators at different pressures
to the plurality of suction valve chambers.

13. A multiple’ suction device for gas
compressors comprising a main' chamber
and two other chambers, each of said other
chambers having a valve governed port
opening therefrom into the main thamber,
an opening in each chamber for connection
of a conduit thereto.

14. A multiple _su}ct_iori device for . .as_

compressors comprising. a main chamber
and a plurality of other chambers, each of
said other chambers having a valve gov-
erned port opening therefrom into the main
chamber, an opening in each chamber for
connection of a conduit thereto. '

15. A" multiple suction device for gas-

compressors comprising a main chamber
and two other chambers, each of said other
chambers having a port opening therefrom
into the main chamber, a valve adapted to
govern one of said ports, a valve adapted to
be actuated from a gas compressor’s piston
reciprocatinig means to govern the other

‘port, an’ opening in each chamber for con-

nection of a conduit thereto.

16."A multiple suction device for gas com-
pressors comprising a main chamber and a
plurality of other chambers, each of said
other chambers having a_port opening there-
from into the main chamber, a valve adapted

to be actuated from a gas compressor’s pis-
ton reciprocating means to govern the other
ports, an openin
nection of a conduit thereto.

17. A multiple suction device for gas com-
pressors .comprising a main chamber and
two other chambers, each of said other cham-
bers having a port opening therefrom into
the main chamber, a puppet suction valve
adapted to govern one of said ports, a valve
adapted to be actuated from a gas ‘com- ‘
Ppressor’s piston reciprocating means to gov-

X piston reciprocatin
in each chamber for con-
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ern the other port, an opening in each cham-
ber for connection of a conduit thereto.

18. .A multiple suction device for gas com-
pressors comprising a main chamber and a
plurality of other chambers, each of said

other chambers having a port opening there- .-
“from into the main chamber, puppet suction

valves adapted to govern all but one of said
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ports, valves adapted to be actnated from a -

gas compressor’s piston reciprocating means
to govern all but another one of said ports,
an opening'in each chamber for connection
of a conduit thereto. ' .

19. A multiple suction device for gas com-
pressors. comprising a main chamber and
three other. chambers, each of said other
chambers having a valve governed port
opening therefrom into the main chamber,
an opening in each chiamber for connection
of a conduit thereto.

20. ‘A multiple suction device for gas-com-
pressors comprising ‘a main chamber and
four other chambers, each of siid other
chambers . having a valve governed port
opening -therefrom into the main chamber,
each of said other chambers having an open-
ing therein for connection of a conduit
thereto. v : : :

21. A multiple suction device for gas com:
pressors comprising 4 main chamber and a
plurality of  other chambers, each of said
other chambers having a valve governed
port opening therefrom into the main cham-
ber, an opening in each of the plurality of
chambers for connection of a conduit thereto.

22. A multiple suction device for gas com-
pressors comprising a main chamber and
three other chambers, each of said other
chambers having a port opening therefrom
into the main valve chamber, valves adapted
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to govern two of said ports, a valve adapted

to be actuated from a gas compressor’s pis-
ton reciprocating means to govern tlie other
port, an opening in each chamber for con-
nection of a conduit thereto,

23. A multiple suction device for gas com-

- pressors comprising a main chamber and

four other chambers, each of said other
chambers having a port opening therefrom
into the main valve chamber, valves adapted
to govern three of said ports, a valve adapt-
ed to be actuated from a gas compressor’s
‘ means to govern the
other port, an opening in each of said other"
chambers for connection of a conduit thereto.

In testimony whereof I have signed this
specification in the presence of two subserib-

Ing witnesses.

GARDNER TUFTS VOORHEES,

Witnesses: A
Paiure F. Suanvey,
Joux Harriry.
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