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glnia

Application Rarch 23, 1934, Serlal No. 716,743
19 Clalms. (Tl 23¢-—31)

This invention relates to compressors for air
or gas and an object of the invention is to pro-
vide = compressor unloading means and con-
trol therefor, whereby an approximate constant

g or predetermined weight of gas will be delivered
at varying suction préssures and at a constant
dischaerge pressure with 2 reciprocating com-
pressor operating &t constant speed.

More specifically the invention comprises &
multi-stege compressor, and loading and un-
loading means therefor, which unloading means
is controlled by pressure of gas entering the suc-
tion or inlet of the compressor whereby the ca-
pacity of the compressor stages is controlled in
steps proportionate to the suction pressure, for
maintaining approximately constant the weight
and pressure of gas delivered by the compressor.

With these and other objects in view as may
appear from the accompeanying specification, the
invention consists of various features of con-
struction and combination of parts, which will
pe fArst descrived in comnection with the ac-
companying drawings, showing & compressor of
the preferred form, and the features forming
the invention will be specifically pointed out in
the claims.

In the drawings:

Fig. 1 is g diagrammatic view of a system
view showing & multi-stage compressor and
control mechanism therefor for carrying’ out
the object of the present invention.

Fig. 2 is a diagrammatic view partly in sec-=
tion of a modified form of the compressor- lay-
Ouu

Fig. 3 is a diagrammatic view partly in sec-
tion of a still further modified form of the in-
vention.

Referring more particularly to the drawings,
Fig. 1 shows one approved type of compressor
layout and conirol whereby a multi-stage va-
riable capacity compressor may be operated to
deliver an approximate constant or predeter-
mined weight of gas at various suction pres-
sures and at a constant discharge pressure with
a reciprocating compressor operating at a con-
stant speed.

The layout shown in Fig. 1 is particularly
adapted for treating crude petroleum. oils and
specifically for use in what is known as the pro-
pane pump-down dewaxing system. While the
compressors and their control are shown as ap-
plied in Fig. 1, to a petroleum dewaxing system,
it is to be understood that the invention is not
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to be limited to such systems but is applicable -

65 - for use in any analagous system or in any sys-

tem where 1t is desired to carry out the broad
specific idea of delivering & gas at a constant
or predetermined weight and constant discharge
pressure with varying intake pressure without
varying the speed of operation of the compressor.

In the system shown in Fig. 1 of the drawings,
the psatroleum to be dewaxed is mixed with pro-
pane or the like and is placed in a storage tank
1 from which the gas is drewn off through the
pipe 2 to the suction of the first stage or low
pressure cylinder 3 of the multi-stage reciprocat-
ing compressor. 'The gases are discharged from
the discharge, indicated at 4, of the first stage
compressor 3 to the suction of the second stage
or high pressure cylinder 5 of the compressor.
From the high pressure cylinder 5 the com-
pressed gases are discharge through -g suiteble
conduit 6 to & condenser 7 where they ars con-
densed and the propane separated or segre-
gated from the other gases for future use in
connection with other petroleum.

In the process for dewaxing lubriceting stock,
propane is blended with = definite amount. of
lubricating stock and held in & closed tank, the
pressure of which is fixed by the temperature
and vaper pressure of the volatile constituent,
namely, propane. Sepsaration is sccomplished
by progressively decreasing the pressure in the
closed tank, under which condition the propane
is evaporated and the amount of separation is
proportional to the latent heat of the propane
which 15 évaporated and removed. As the pro-
pane is removed, the pressure and consequently
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" the temperature in the tank drops resuiting in
a congealing of the paraffin or wax base of the

mixture, which. congealing wax falls to the bot--
tom of the tank and is segregated.

In order to control the rate of separation, it
is necessary to conirol the rate at which the
propane is evaporated and removed. During the
initial stages of the process the pressure within
the tank is relatively high, and therefore the
volume of vapors to be removed to accomplish
a given amount of separation is relatively small
as compared with the volume which must be
removed at the later stages of the process when

9.
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-the pressures are low and the specific volume of

the gas removed is large.

At the. beginning of the . process the com-
pressor is required to remove gas which is rela-
tively dense, so that to remove a deflnite weight
of gas the volume to be removed is small. As
the pressure within the tank decreases the gas
becomes less dense, and therefore the volume
corresponding to a given weight of gas increases,
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so that the compressor must work at an increas-
ing volumetric capacity as the process pro-
gresses. It must be remembered that at the
beginning of the process the ratio of compres-

sions is small and from this point the ratio of -

compressions gradually increases until at the

. end of the process the ratio is relatively large.
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It will be appreciated that the ratio of pump-
ing of the gas from the storage tank must be
definitely controlled so as to control the desired
rate of temperature change in the tank and
consequently the rate at which the wax is con-
gealed. The gas removed from the tank must
be discharged at a predetermined pressure main-
tained constant, into the condenser 7. To pro-
vide these results a novel system of loading and
unloading the compressor cylinders is provided
which is controlled by any approved type of
compressor unloading governor which governor
is in turn pressure operated and contirolled hy
pressure of the gasses entering the suction of
the first or low pressure stage of the compressor.

In the construction shown in Fig. 1 of the
drawings, the first stage or low pressure cyl-
inder of the:compressor is of the approved type
of double acting compressor and is provided
with suction valves 10 and 11 which control the
inlet of the gas into the opposite ends of the
cylinder 12 and on opposite sides of the piston
13. . )
. These suction valves 10 are of the unloading
type such as disclosed in United States Pat-
ents Nos. 1,579,781 and 1,798,435 and: their
specific construction will not be described in
detail in the present application. The suction
valves are of the unloading type and are held
open by pressure so that when the suction valve

'10 is held open the crank end of the compressor
cylinder 3 will operate without compressing, the
gas merely passing in and out through the suc-

tion valve. When the suction valve 11 is held
open .the head end of the compréssor cylinder

will operate without compressing, and when.

both suction valves are held open the compres-
sor cylinder 3 will operate at zero capacity.
- Clearance pockets 15 and 16 are shown which
are adapted to be connected to the ends of
the cylinder through the medium of pressure
operated unloading valve structures 17 and 18
for the purpose of fractionally unloading the
ends of the compressor. ,
These pressure operated unloading valves 17

.and 18 may be of any approved type such as

those shown in Patent No. 1,764,646 wherein the

. valves are opened when the pressure in the op-

erating pressure lines 19 and 20 reaches a pre-
determined degree necessary-to overcome the
tension of the springs 21. While in the draw-
ings only two clearance pockets are shown it
is to be understood that any number of clear-
ance pockets may be provided for providing
fractional unloading of the compressor cylinder
in any percentage of its capacity.

The first stage or low pressure cylinder 3 of
the multi-stage reciprocating compressor. dis-

- charges through a suitable conduit 22 into the
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suction 23 of the second stage or high pressure
cylinder 5 of the compressor. . .

. ‘The second stage or high pressure cylinder 5
of the compressor is also of the double acting

type, and is. provided with suction valves 24
and 25 of approved type such as the suction
valves 10 -and 11. The suction valves 24 and
25 are pressure operated unloading valves for

‘fractionally
~of the high pressure cylinder. When the pres-

1,960,076

unloading the ends of the compressor inde-
pendently or for completely unloading the com-
pressor by having both of the suction valves
held open. In the drawings only one clearance
pocket, namely the clearance pocket 26, is
shown associated with the high presssure cylin-

der 5 to provide fractional unloadirig thereof,-

but it is to be understood that any desired num-
ber of clearance pockets may be provided with-
out departing from the spirit of the present
invention. . s ' i

The various unloading valves and unloading
suction valves are operated by pressure fluid
which is delivered thereto through the distrib-
uting valve structure 30 which forms a part of
the governor mechanism 31.

The governor mechanism 31 is specifically il-
lustrated and described in Patent No. 1,798,435.
The distributing valve 30 is operated to control
the distribution of pressure to the various valves
for loading or unloading of the compressor cylin-
ders by the governor mechanism 31 and the
governor mechanism 31 is in turn controlled by
the pressure operated mechanism 32 which
forms a part of the governor 31. The pressure
operated mechanism 32 is connected by means
ot the pipe 33 with the suction of the low pres-
sure cylinder 3 of the compressor. In the draw-
ings such connection is illustrated as being es-

-tablished through the pipes 33 and the delivery

pipe 2 but the pipe 33 may be connected di-
rectly to the suction of the compressor cylinder
if desired. :

By connecting the pressure operated mecha-
nism - 32 with the suction of the low pressure
compressor cylinder 3, the loading and unload-
ing of the cylinders 3 and 5 will be controlled
by the pressure of the gas entering the suction
of the first stage or low pressure cylinder of
the compressor mechanism. .

Thus; when the pressure gas in the storage
tank 1 and consequently at the suction of the
low pressure cylinder 3 is high or at its greatest
point the pressure operated mechanism 32 will

- through the mechanism 34 of the governor 31

operate the distributing valve 30 to deliver pres-
sure fluid through the pipes or connections .35
and 36 to.both of the suction valves 10 and 11
of the low pressure cylinder 3 for holding these
valves open and permitting the gas from the
tank 1 to pass through the low pressure stage
of the compressor without being compressed.
It the pressure of the gas is sufficiently high
then the valve 30 will also at the same time
deliver pressure fluid through the distributing
valve 30 and pipes 37 and 38 to the suction
valves 24 and 25 of the second stage or high
pressure cylinder of. the compressor and thus
the gas will pass through both the compressor
cylinders to the condenser without being com-
pressed. : ‘
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As the pressure falls in the storage tank and

consequently as the pressure of the fluid at the
suction of the low pressure cylinder falls the
distributing valve 30 will be operated to close
first the suction valve 25, second the suction

valve 24 at which time the high pressure cyl-
inder will be operated at full capacity. If the -

pressure of the suction gas is slightly in excess

of the desired pressure, the unloading valve 39

which controls the clearance pocket 26 will be
operated by pressure fluid from the distributing
valve30throughthepipe4080astopa,rtlyor
reduce the compressing capacity
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sure in the sucfion pipe 2 falls further, the un~
loading valve 39 will be closed and the suction
vailve 11 of the low pressure cylinder will be
closed permitting the low pressure cylinder to
operate at approximately fifty percent of ca-
pacity. If the pressure of the suction gas is

-such that it is desirable to operate the low
pressure cylinder at fifty percent of capacity,.
the clsarance chamber 16 may be brought into -

comnmunication with the head end of the cylin-
der 3 by means of the unloading valve structure
13 which unloading valve structure will close
when the suciion pressure falls to e sufiicient
rredetermined degree to warrant operstion of
the Arst stage cylinder at fifty percent of ca-
Dacity.

Upon further drop in the pressure of the suc-
tion gas the suclion valve 10 will be closed
which will permit the low pressure’ eylinder to
operaies at one-hundred percent of its capsacity.
Should the suction pressure, however, be such
thai ib is not desirable to operate the low pres-
sure stage 2% one-hundred percent capacity, but
only at seventy-five percent of capacity, the

5 glearance pocket 15 will be brought into service

by the opening of the unloading valve mechan-
ism 17. The unloading valve 17 will close when
the pressure of fhe gas at the suction of the
low pressure cylinder fells to the predetermined
Jegres necessary for full capacity operation of
the low pressure stage.

The prassure fuid for operating the various
suction valves 10, 11, 24 and 25 and the unload-
ing valves 17, 12 and 39 may ke obtained from
any suitable source and it is delivered to the
distributing valve 30 through =‘uitable piping
ingdicated at 42,

From the {oregoing desecription teken in con-
neetion with Fig. 1 of the drawings, it will e
apparent that with the layout of the compressor
as shown and 2s above described the pressure
of the suction gas 2t the inlet to the low pres-

sure cylinder or fivst stage of the multi-stage

compressor will control the operation of the.
compressor and by so doing it will be possible-

to provide a discharge of approzimately a con-
stant weight of gas at a constant pressure re-
gardless of the suction pressure, into the con-
deuser 7, with ithe compressor operating at a&
constant speed.

In Tig. 2 of the drawings & modified form of
the compressor mechanism and control is illus-
trated. In this form the ges is delivered
through the suction pipe 50 {e the suction of the
low pressure cylinder 51 and the pipe 50 has &

sranen 52 therein which pesses to the suction’

ot the second stage or high pressure cylinder
53 of the compressor structure. A valve chest
34 is interposed in the pipe 50 and a valve 53
is provided whkich controls the passage of the
suction gas either through the suction pipe 50
to the inlet of the cylinder 51 or to the inlet
of the high pressuve cylinder 53.

The valye 55 is shown in the drawings as a

> mressuve operated velve operated by pressure

fluid distributed therete through the distributor
valve 58. The distributor valve is the same as
the distributor valve 30 ahd the distributor
valve 11 of Patent No. 1,788,435. The distribu-
tor valve 58 is operated by the governor mech-

anism 57 which is similar to the governor mech-

anism 31 whieh governor mechanism is in turn
controlled by pressure of gas passing through
the suction. or intake pipe 50 through the me-
dium of the pressure operated mechanism 58.

3

When the pressure of the gas or air passing
through the intake pipe 50 is at a predeter-
mined high degree the valve 55 will be oper-

. ated to by-pass the suction fluid past the low

pressure cylinder 51 directly to the high pres-
sure cylinder 53 and when the pressure of the
fluild in the pipe 50 falls to a predetermined

degree the valve 55 will be operated to deliver -

the suctioa fluid to the suction of the low
pressure cy’inder 41,

With the valve 55 interposed in the suction
line to the fArst stage or low pressure cylinder
81 it is unnecessery to provide unloading suc-
tion valves, and consequently any approved type
of suction valve as indicated at 60 may be pro-
vided for the firs} stage or low pressure cylinder
81. Any mumnber of clearance pockets such as
the clearance pocket 81 may be provided for
permitting fractionsl unlcading of the low pres-
sure cylinder. Only one of such clearance pock-
ets is shown in Fig. 2 of the drawings but they
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are well known and vericus numbers and types |

of clearance pockels are shown in prior patents,
as for instence In Psient No. 1,764,646. The
cleargnce pockets may be opened to communica-
tion with the cylinder by any spproved type of
unloading valves such as that shown at 62, and
which construction of pressure operated unload-
ing valve is clearly shown and described in the
lest mentioned United States Patent.

The high pressure cylinder 53 is provided with
unlozading suction valves 63 and 64 and with a
clearance pocket 65 to permit operation of the
compressoer ot fractional percentages of its ca-
pacity. The clearance pocket 65 is opened to
the cylinder or cut off therefrom by & pressure
operated unloading valve 66 which is of the
same construction as the unloading valve 62.

While the specific construction of pressure op-
erated valve is shown at 55, it is to be under-
stood that any approved type of either pres-
sure operated or manually opersted valve may
be substituted for the construction shown with-
out departing from the spirit of the invention.
In the operation of the meodified construction
shown in Fig. 2, when the pressure of the sue-
tion fluid passing through the pipe 50 is at &
predetermined high pressure, for instance at
its highest pressure, the governor mechanism 57
will operate the distributing valve 56 to in turn
operate the pressure valve 55 to by-pass the
suction. fiuid past the low pressure cylinder to

the suction of the high pressure cylinder 53 and

at this time both the suclion valves €3 and 64
will be held open permitting the gas to pass
straight through the compressor and out the
discharge pipe 67. As the pressure of the suction
fluid drops the suction valves 64 and 63 will be
successively closed through the operation of the
governor mechanism 57 to lcad the high pres-
sure cylinder. If an intermediate capacity of
the high pressure cylinder is desired than the
governor mechanism may be regulated to open
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the clearance pocket 65, or any other desired .

numbper of clearanmce pockets, to the cylinder
for regulating the capacity of the cylinder in
fractional percentages. When the pressure of
the suction falls still further the pressure
against the valve 55, which is delivered thereto
through the pipe 68, will be relieved and the
spring 69 will operate the valve to open.the pipe
50 to the suctlon of low pressure cylinder 51
and at the same time cut - off communication
between the pipes 50 and 52. When the low
pressure cylinder 51 is compressing, at which
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4 ,
time of course the suction fluid is delivered
from the pipe 50 to the low pressure.cylinder,
the low pressure cylinder will discharge through
the pipe 70 to the suction of the high pressure
cylinder 53. :

The low pressure cylinder 51 may have any
desired number of clearance pockets connected
thereto to permit fractional unloading of the
low pressure cylinder if desired.

.As will be seen from the foregoing taken in
connection with Fig. 2 of the drawings, the lay-

- out shown in Fig. 2 will provide the same result

15

as that obtained from the structure illustrated
in Pig. 1, differing from Fig. 1 principally in
that the gas to be compressed is by-passed
around or past the low pressure cylinder of the

* compressor instead of being by-passed through

20

the low pressure cylinder as is the case in the

_structure illustrated in Fig. 1.

In the layouts shown in Figs. 1 and 2 of the

drawings, the loading and unloading of the com-

pressor is controlled indirectly through suit-

" able pressure operated means by the pressure of

the gas entering the suction of the first stage
of the compressor. However, it may at times
be desirable to provide a construction in which

a time factor will enter into the control of the

loading and unloading of the compressor to per-
mit such operation irrespective of the pressure
of the suction of gas. _ R
.In Fig. 3 of the. drawings such a layout is
shown. In this modified form of layout, the
compressor comprises the first or low stage com-
pressor 75 and the second or high stage com-
pressor 76, which are constructed in any ap-
proved manner but are illustrated as being:con-

* gtructed in the same manner as the first and

second stage compressors shown in Fig. 2 of

the drawings, their loading and unloading being .

controlled through the medium of the distribu-

‘tor valve 77 in the same manner in which the

compressor stages shown in Fig. 2 are loaded
and unloaded. This construction shown in Fig.

- 8 also shows a pressure operated valve 78 for

- controlling the delivery of the fluid to be com-

pressed either to the first or second stage com-

pressor, being -operable  to permit the cutting.
out of the first stage compressor to : per-

mit the gas to be by-passed directly to
e second stage. However, it is to be un-

derstood that -the time controlled  element

embodied in the governor mechanism and which
forms the -essence of the modification shown in
PFig. 3, may be used in connection with com-

- pressors .as shown in Fig. 1 of the drawings
~ without departing

from the spirit of the present

invention. - B . C
The distributor valve 77 is operated by means
of the governor mechanism 79, which is the
same in all essentials as governor mechanisms

31 and 57, and is in turn operated by the pres- -
sure operated means 80 which likewise is similar.

to the structures 32 and 58. However, this modi-

. filed construction shown in Fig. 3 differs from

70

the structure shown in'Figs. 1 and 2, in that the

pressure fluid derived for operating the mech-

anism 80 is delivered thereto from a suitable
reservoir 81 in which pressure of fluid is built
up by means of a gear pump 82 or any other

approved type of pump. The pump 82 is oper-

ated by a synchronous or constant speed motor
83. o S _
_ ‘operation, of this modified form, when the
compressor layout is started, the motor 83 will

75" pe started; and operating at & constant speed

1,969,076
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of operation will operate the pump 82 for pump-
ing any suitable fluid into the reservoir 8i. The
steady constant speed of operation of the pump
82 will provide constant and even raising of
pressure in the reservoir 81, and this pressure
fiuid passing from the reservoir 81 through the
pipe 84 to the pressure operated means 80 will
operate the governor 79 which will in turn oper-
ate the distributing valve 77 and control the
loading and unloading of the compressor. The
time factor enters into the various stepped load-

"ing of the compressor, in that the pressure in

the tank 81 is built up in & predetermined steady
flow and by regulating the governor 79 for oper-
ation at definite pressures, the loading of the
compressor will be confrolled at definite time
intervals predetermined upon the intervals be-
‘tween such definite pressures being provided in
the reservoir 81. :
- It will be understood that the invention is
not. to be limited to the specific construction or
arrangement of parts shown but that they may
be widely modified within the invention defined
by the claims.
. What is claimed is: : .

1. The combination with a compressor of con-

80
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trolling means .for loading and unloading the -

compressor in successive steps of predetermined
percentages of cylinder capacity, pressure oper-
ated means for operating said controlling means,
said pressure operated means connected to the
compressor suction whereby tht; lJoading and un-

‘loading of the compressor will he controlled by

&

pressure of inlet gas thereto.

2. The combination with a multi-stage com-
pressor, of controlling means for loading and un-
loading the compressor in successive steps of
predetermined percentages of cylinder capacity,
pressure operated means for operating said con-
trolling” m , said pressure operated means
connected to: the suction of said compressor
whereby the loading and unloading of the com-
pressor - will  be varied in proportion -to the

variations in the pressure of inlet gas to the -

compressor.
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" 3. The combination with a multi-stage com- -
pressor, of means for by-passing gas to be com- " -

pressed past the low pressure stage of the com-
pressor, pressure operated means controlling op-

eration of said first named means, said pressure

operated means connected to the suction of the
vompressor for operation by pressure of inlet gas
to the compressor. ' : e

4. The combination with & multi-stage com-

‘pressor, of means for by-passing gas to be com-

pressed past:the low pressure stage of the com-
pressor, controlling. means for loading and un-
loading the compressor in successive steps of
predetermined- percentages of cylinder capacity,
pressure operated means for controlling opera-
tion of said first named means and said un-
loading controlling means, said pressure oper-

125
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ated means connected to the suction of the -

compressor for operation by pressure of inlet gas
to the compressor. . o

- 5. The combination with a multi-stage com-
pressor, including a low pressure stage and a

_high pressure stage, of means for rendering the

low pressure stage of the compressor non-com-
pressing, unloading means for unloading the

. high pressure stage of the compressor in succes- -

sive steps of predetermined percentages of cyl-
inder capacity, pressure operated means con-
trolling operation of said first named means and

‘of said unloading means, said pressure operated
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means connected to the suction of the compres-
sor for operation by pressure of inlet gas to the
COmMDressor.

8. The combination with a compressor, of
controlling means for loading and unloading
the compressor in successive steps of prede-
termined percentages of cylinder capacity, said
controiling means including means for holding
open the suction valves of the compressor, pres-
sure operated means for operating said unload-
ing means, sz2id pressure operated means con-
nected to the compressor suction, whereby the
Ioading and unloading of the compressor will
be conirolled by pressure of inlet gas thereto.

7. The combination with a multi-stage com-
presser, of cenirolling means for loading and
unloading the compressor in successive steps
of predetermined percentages of cylinder capac-
ity, said controiling means including means for
holding open the suction velves of the com-
pressor, pressure operated means for operating
said controlliing means, said pressure operated
means connected to the suction of said com-
pressor whereby the loading and unlozding of
the compressor will be regulated in proportion
to variaticns in the pressure of inlel gas to
{he compressor.

8. The combination with a mulii-staze com-
pressor including 2 high pressure stage and 2
low pressure sitage, of combrclling means for
loading and unloading the compressor in suc-
cessive steps cof predetermined percentages of
cylinder. capacity, sald conitroliing means in-
cluding mesns- for holding open the suction
valves of the low pressure stage of the com-
pressor whnereby gas (o be compressed will be

. by-passed through the low pressure stage of the

40
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compressor, pressure operated means for cp-
erating said controlling means, said pressure op-

-erated means connected to the suction of said

compressor wnereby the loading and unload-
ing of the compressor will be regulated in pro-
portion to variations in the pressure of inlet
gas to the compressor. .

8. In o compressor for delivering a4 approxi-
mate predetermined weight of gas ab varying
suction pressures and at a comstant discharge
pressure with a constant speed of operation of
the compressor, in combination, with a multi-
stage compressor including o low pressure cyi-
inder and a high pressure cylinder, of controlling
means for loading and unloading the compressor
in successive steps of predetermined percent-
ages of cylinder capacity, means for rendering

the low pressure cylinder non-compressing,

means for rendering the high pressure cylinder
non-compressing, and selective means contrclied
by pressure of gas st the suction of the low
pressure cyiinder for operating sazid controlling
means and for operating said means for rend-
ering the cylinders non-compressing.

10. In g compressor for delivering an ap-
proximate constant weight of gas at varying
suction pressures and at a constent discharge
pressure with a constant speed of operation of
the compressor, in combination, with & multi-

stage compressor including a low pressure cyl-

inder and a high pressure cylinder, of controlling
means for loading and unloading the compressor
in successive steps of predetermined percent-
ages of cylinder capacity, means for rendering
the low pressure cylinder non-compressing,
means for rendering the high pressure cylinder
non-compressing, means operated by pressure
of ges at the suction of the low pressure cylinder

[0

5

for operating said controlling means and for -
operating said means of rendering the cylinders
non-compressing.

i1. The combination with a compressor, of
controlling means for loading and unloading &0
the compressor in successive steps of predeter-
mined percentages of cylinder capacity, and se-
lective means controlled by pressure of gas at
the suction of the low pressure cylinder for
operating said controlling means.

12. The combination with a multi-stage com-

- pressor including a high pressure stage and g

low pressure stage, of mesns for by-passing gas

to be compressed past the low pressure stage

of the compressor, and selective means controiled 20
by pressure of gas at the suction of the low
pressure- stage for operating said first mamed
means. . ;

13. In a compressor for delivering an approxi-
mate constant weight of gas at varying suc-
tion pressures and at & constant discharge
pressure with a constant speed of operation of
the compressor, in combination, with & multi-
stage compressor inciuding s low pressure cyl-
inder and = high pressurs cylinder, an intake 100
pige connected to the suctions of seid cylinders
and g valve In sald pipe for comivolling the
delivery to said cylinders of the fuid to be
compressed.

i4. In s compressor for delivering an approxi~ 108
meate predetermined weight of gas st varying
suction pressures anc at 2 counstent speed of
cperation of the compressor, in’ combination, -
with a multi-stage compressor including a low
pressure cylinder and & hizh pressure cylinder, 110
an intake pipe connection to the suction of said
cylinders, & valve in said pipe for controlling the
delivery to said cylinders of the.fuid o be
compressed, and means for operating said valve,
said means connected to seid intske pipe, where- 115
by pressure of fiuid fowing throush the pipe
will control operation of the valve..

i5. In & compressor for delivering an approxi-
mate predefermined weight of gas at varying
suction pressure, snd at o constant discharge 120
pressure with a constant speed of operation of
the compressor, in combinetion, with a multi-
stage compressor including a low pressure cyl-
inder and a high pressure cylinder, an inteke -
pipe connected to the suctions of said eylinders, 123
& velve in said pipe for controiling the delivery
to said cylinders of the fuld to be compressed
controlling means for loading and unloading the
compressor in successive steps of predetermined
percentages of cylinder capacity, and means for 13D
operating said valve and said controlling means,
seld mesns connected to said pipe whereby
pressure of fluid fiowing through the pipe will
control operation of said controlling means and
sald valve. .

16. In & compressor for dellvering an approxi-
mate predetermined weight of gas at varying
suction pressures and at a constent discharge
pressure with a constant speed of operation of
the compressor, in combination, with & multi- 34p
stage compressor including a low pressure cyl-
inder and & high pressure cylinder, en intake
pipe connected to the suctions of said cylinders,

& valve in said pipe for controlling the delivery to
the cylinders of fiuid to be compressed, control- 345
ling means associated with sald high pressure
cylinder for unloading and locading the high
pressure cylinder in successive steps of prede-
termined percentages of cylinder capacity, means
for automatically operating said valve and for 150
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operating said contromng means, said ‘means
connected to said intake pipe whereby pressure

of fluid flowing through the pipe win control

operation of said controlling means.

17. In a compressor for delivering an approxi-
mate predetermined weight of gas at varying
suction pressures and at a constant discharge
pressure with a constant speed of operation. of
the compressor, in’ combination, with a muilti-
stage compressor including a low pressure cyl-
inder and a high pressure cylinder, of means
for by-passing gas to be compressed past the
low pressure stage of the compressor, and time
controlled selective means for operating said
first named means.

18. In a compressor for delivering an approxi-

mate predetermined weight of gas at varying ..

suction pressures and at a constant discharge
pressure with & constant speed of operation of

the compressor, in combination, with a multi-

stage compressor including a high pressure stage
and a low pressure stage, of controlling means
for loading and unloading sai@ compressor in
successive steps of predetermined percentages
of cylinder capacity, said controlling means in-

1,969,076

cluding means for holding open the suction
valves of the low pressure stage of the compres-
sor whereby gas to be compressed will be by-
passed through the low pressure stage of the
compressor, means for operating said control-

ling means, and time controlled selective means‘

for operating sald operating means.

19. In a compressor for delivering an approxi-
mate predetermined weight of gas at varying
suction pressures and at a constant discharge
pressure wifh a constant speed of operation of
the compressor, in combination with & multi-
stage compressor including a low pressure.cyl-

inder and a high pressure cylinder, of control- -

ling means for loading and unloading the com-
pressor in successive steps of predetermined per-
centages of cylinder capacity, means for render-
ing the low pressure cylinder non-compressing,
means for rendering the high pressure cylinder
non-compressing, and time controlled selective
means for operating said controlling means and
for operating said means for rendering the cyl-
inders non-compressmg .
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