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This invention relates ito compressors, and
?articula,rly to load controlling apparatus there-
or.

One object of the invention is to provide a

5 compressor having load-controlling apparatus

- with means for effecting an alteration of the
- load on the compressor in response to variations
in the value of the suction pressure of the fluid
entering the said compressor,

10 Another object is to provide a compressor hav-
ing load-controlling apparatus with connections
for employing a power medium at a relatively low
pressure to control the supply of a fluid medium

at higher pressure to the various load-altering

15 devices for actuating the latter.
A further object of the invention is to provide
.a compressor having load-altering devices with
a regulator for said devices, and suitable means
for controlling the action of said regulator. In
20 practice said means is preferably connected so
that it is influenced by a change in the suction
pressure of the compressor.
An additional object of the invention is to pro-
vide a compressor having load-changing devices

25 with a suitable regulator for. determining the num-

ber of said devices which are effective, controlling

means for said regulator and suitable connections

between the controlling means and a source of

power on the one hand, and the suction side of

30 the compressor on the other, said connections

to the compressor containing an appliance by

which the controlling means itself is rendered ef-
fective.

A still further object o! the invention is to

35 provide in a construction adapted to attain the

foregoing objects, a suitable appliance for the
purpose of equalizing the suction pressure while
still permitting it to vary, but preventing fluctua-
tions which would derange the normal. operation
40 of the compressor.

Other objects and advantages will be in part

obvious and in part pointed out hereinafter.
One purpose for which the invention can be
especially utilized is in connection with the opera-
45 tion of cooling petroleum and thedistillates there-
of to facilitate the separation and the recovery
of the paraffin therein. As I have set forth in my
application entitled Load controlling apparatus,
Serial No. 737,035, filed of even date herewith,
- 50 oil containing paraffin, after receiving whatever
treatment is necessary, is mixed in a suitable res-
ervoir with & cooling medium, such as propane gas
(C3Hs) in liquid form. The pressure and temper-
ature within the reservoir containing the oil are
55 so adjusted that, when the process of mixing is

(ClL. 230-—21)

complete, the propane is allowed to vaporize; and
a quantity of heat determined by the specific heat
of vaporization of the propane is taken from the
oil; and the oil is thus cooled. The paraflin wax
then separates out; and when the propane has
been evacuated from the tank or reservoir the
oil containing the paraffin is piped away from the
reservoir, so that the paraffin can be removed.
Some of the propane, however, is apt to remain
absorbed in the oil as it leaves the tank; and my
invention is adapted to save this residual propane.
The intake of a compressor having the apparatus
above mentioned is therefore connected to the

_delivery conduit of said reservoir, and as the oil
containing what is left of the propane goes out.
of the reservoir, practlca,lly all of the propane is
extracted.

The accompanying drawmg illustrating one

"form which the invention may assume in practice,
is a diagrammatic view, partly in section, of a
load controlling apparatus constructed in ac-
cordance with the invention and showing it con-
nected to a compressor.

Referring more particularly to the drawing,
the load controlling apparatus, designated in gen-
eral by 20, is shown applied to a multi-stage com-
pressor 21 comprising low and high pressure cyl-
inders 22 and 23, respectively. 'The cylinders
22 and 23 are equipped with double acting pistons
24 and 25 which are driven by a motor 26.

The low pressure cylinder 22 is connected for
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instance, to a conduit 27, by a conduit 28 and the -

‘fluid passing from the cylinder 22 flows directly
through a conduit 29 into the high pressure cyl-
inder 23, whence it passes to a point of applica-
tion through a discharge conduit 30. It is under-
stood, of course, that the connection of the cyl-
inder 22 to the conduits 28 and 29, and of the
cylinder 23 to the conduits 29 and 30 is shown
diagrammatically only; and that suitable valves
to control the communication of the cylinders
with these conduits are employed.

In order to enable the load on the compressor
cylinders to be changed or controlled gradually,
each cylinder is provided with suitable load-
controlling devices consisting, for example, of
clearance chambers and valves for controlling
them. 'The low pressure cylinder accordingly
has a plurality of clearance chambers, four be-
ing shown for illustrative purposes. Those adja-
cent the crank end are designated 31 and 32 while
those associated with the opposite end of the

. cylinder are designated 33 and 34. Each clear-
ance chamber communicates with the adjacent
end of the cylinder 22 through a port 35 and com-
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munication is afforded between pairs of clear-
ance chambers lying on one side of the ¢ylinder
through a by-pass port 36.

The latter ports are controlled by pressure
actuated spring-pressed clearance valves 37
which operate to control the by-passing of fluid
between ends of the cylinder. Valves of the same
type and designated 38, 39, 40 and 41 are ar-
ranged in the chambers 31, 32, 33 and 34, respec-
tively, to control the ports 35.

The high pressure cylinder 23 is likewise pro-
vided with a plurality of clearance chambers, two
designated 42 and 43 being located at the erank.

' end of the cylinder and a like number designat-

ed 44 and 45 at the opposite end of the cylinder.
As in the low pressure cylinder, the clearance
chambers lying on the side of the cylinder 23 also
communicate with each other through ports 36
which are controlled by pressure actuated valve
mechanisms 46. Each clearance chamber in the
high pressure cylinder has a port 35 which opens
into the adjacent end of the cylinder and said
ports are controlled by pressure actuated valve
mechanisms 41, 48, 49 and 50 arranged in the
clearance chambers 42, 43, 44 and 45, respec-
tively. )

The valve mechanisms controlling the ports
35 and 36 may be of a well known type and iden-
tical in all essential respects. Each valve mech-~
anism comprises a casing 51 and a pressure ac-
tuated spring-pressed plunger 52 adapted to seat
into the ends of the ports. The valve mechanisms
are preferably operated in groups for the sake
of maintaining a desirable balance of the driven
elements of the compressor. In.furtherance of
that end the valve mechanism 38 of the cylin-
der 22 and that designated 50 of the cylinder 23
are connected to a common conduit 83 through
which pressure fluid may be supplied to and ex-
hausted from the valves connected thereto.

In like manner, the valve mechanism 40 of the
cylinder 22 and the valve mechanism 48 of the
cylinder 23 are connected to a common conduit
54, while the valve mechanisms 39 and 49 of the
cyhnders 22 and 23, respectively, are connected
with each other and to a conduit 55, and the
valves 41 and 47 of the low and high pressure
cylinders, respectively, are connected to a conduit
§6. As a preferred arrangement all the valves

31 and 46 controlling the by-pass ports 36 of both

cylinders are connected to a common conduit 51
so that said valves may be simultaneously oper-
ated for loading or unloading the cylinders.
Each of the supply conduits 53 to 57, inclusive,
is connected to a regulator 58 of the type illus-
trated in United States Patent No. 1,430,578 to
C. W. Metzgar, dated October 3, 1922, and com-~

- prising a casing 59 having a series of valve cham-

60

bers 60 containing main valves 6! which control
the supply of pressure fluid to the valve mecha-
nisms in the compressor cylinders and are in turn
controlled by an auxiliary valve 62. The auxil-

- iary valve is pivotally connected to a weighted
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lever 63 pivoted at one end to the casing 59 and
resting upon a pin 64 of which the other end seats\
in a hollow plunger 65 supported by a diaphragm
66 in the casing 59.

In the drawing only three main valves 61 are
illustrated. It is, however, to be understood that
these valves are of the same number as the con-
duits connected to the casing §9, in the manner
explained in the aforementioned patent to which
one is referrad for a full description of the reg-
ulator.

2,032,429

The diaphragm 66, plunger 65, pin 64 and lever
63 constitute an actuator for the regulator 59.

The pressure fluid employed for actuating the
auxiliary valve 62 and that distributed by said
valve and the main valves 61 is derived from a
source of high pressure fluid supply, as for in-
stance a receiver tank (pot shown). Such pres-
sure fluid is conducted to the chamber 67 contain-
ing the valve 62 by a conduit 68 having a branch
conduit 68 which is connected to an end of a
valve casing 10 and opens into a chamber Ti
in the casing 70. In order to prevent the pres-
ence of pressure fluid in excess of a -certain pre-
determined value in the chamber 11 the conduit
69 is provided with a reducing valve 12.

In the casing 10 is a wall 13 constituting a
bounding surface for the chamber 11 and hav-
ing a port 14 through which pressure fluid flows
into a chamber 15 -bounded at its opposite end by
a diaphragm 716. A similar diaphragm 11 coop-
erates with the diaphragm 76 to form a chamber
18 in the intermediate portion of the casing 70
and the diaphragm 77 forms the upper bound-
ing surface of a chamber 19 in the lower portion
of the casing. The chambers 15 and 19 are in
direet communication with each other through a
pipe 80 from which leads a pipe 81 to supply pres-
sure fluid to the diaphragm 66.

The end of the port T4 confronting the branch
conduit 69 constitutes a seat 82 for a valve 83

‘having a stem 84 to the lower end of which is

attached a head 85 which seats upon the dia-
phragm 76 and serves as a seat fgr an end of a
spring 86 of which the other end bears against
the wall 13. The valve 83 controls the port 74

- and thus the supply of pressure fluid to the dia-

phragm 66 and to the chamber 79. 'The latter
chamber has an exhaust port 87 which is con-
trolled by a valve 88 seating against the dia-
phragm 171 and pressed thereagainst by a spring
89.

The chamber 18 constitutes a pressure cham-
ber into which pressure fluid is introduced for
causing actuation of the valves 83 and 88 against
the forces exerted by the springs 86 and 89. The
pressure fluid employed for this purpose is con-
ducted into the chamber 78 by a pipe 90 leading
from the chamber 7i to the chamber 78 and hav-
ing. interposed therein a plate 91 in which is an

,orifice 82 to restrict the flow of pressure fluid

to the chamber 18. A vent pipe 93 connected to
the pipe 90 opens directly to the atmosphere and

‘serves as an outlet for the pressure fluid ex-.

hausted from the chamber 18 and also for such
pressure fluid as flows through the orifice 92 dur-
ing the time the diaphragms 16 and 17 are in-
active.

Means are provided for causing the diaphragms
76 and 71, their associated valves and, therefore,
the diaphragm 66 to act in response to pressure
conditions at the source of suction supply, such
as the pipe 21. To this end a lever 84 suitably
fulcrumed, as at 95, is disposed adjacent the
end of the pipe 93 for which an end 96 of the
lever 94 serves as a closure. Pivotally connected

to the other end of the lever is a rod 81 which

. 1s secured to-an extremity 98 of a helical tube
' 89 having its other end affixed to a support 100.
The latter end of the tube 99 is connected to a

conduit 101 leading from the conduit -28. An

.equalizer tank 102 is interposed in the conduit
101 to dampen the pulsations in the conduit 28
incident to the admission and cutoff of fluid to
the low pressure cylinder 22.

- The operation of the device is as follows: Let
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it be assumed that the motor 26 is in operation
and that the pressure of the intake supply has
dropped to that predetermined value at.which
the tube 99 is actuated to initiate loading of the
compressor. With these conditions prevailing the
helical tube 99 is caused to unwind and bring
the end 96 of the lever element 94 into throttling
position over the end of the pipe 93. A portion
or all of the fluid passing through the orifice 92
will then be entrapped in the.chamber 18 and
associated conduits to expand the diaphragm
walls 76 and 17 of the chamber 78. This move-
ment of the diaphragms causes the valve 83 to
be opened and the valve 88 to be closed. Pres-
sure fluid then flows from the chamber Ti
through the port 74, the chamber 75 and the
pipes 80 and 81 into the regulator to act against
the diaphragm 66.

As the pressure acting against the diaphragm
§6 increases it will raise the member 63 and,
therefore, the auxiliary valve 62 to admit pressure
fluid to that valve 61 controlling the conduit 57.
After said valve 61 is shifted pressure fluid flows
to the valve mechanisms 37 and 46 and closes
them, thereby effecting partial loading of the
compressor. Upon further increase of the pres-
sure acting against the diaphragm 66 the remain-
ing valves 61 are caused to be shifted one after
another to connect the valve mechanisms which
they control with the supply line 68. For ex-
ample, as a second step of load addition the valve
61 controlling the conduit’ 53 may be actuated
for admitting pressure fluid 'to said -conduit for
closing the valve mechanisms 38 and 50, thus
further increasing the load on the compressor.

Upon a further increase of the pressure act-
ing against the diaphragm 66 another valve 6l
will be shifted and a clearance valve in each of
the cylinders will be closed to further increase
the load on the compressor, and when the dia-
phragm 66 is subjected to maximum pressure the
auxiliary valve 62 is moved to a position to ad-
mit pressure fluid to the remaining pair of inter-
connected clearance valves, thus fully loading the
compressor.

During the time the compressor is. fully loaded
pressure fluid-is entrapped in the pipe 83 and
associated passages and chambers and its value
is maintained at a predetermined maximum by
the reducing valve 12. The compressor continues
operating in this. wise until the pressure value
of the intake supply has been reduced, through
withdrawal of the fluid medium from the pipe
21, to a predetermined low value. The helical
tube 99 then contracts and shifts the end 96 of
the arm 94 from its true sealing position. There~
upon a portion or all of the pressure fluid is ex~
hausted from the chamber 78 and the springs
86 and 89 will act to shift the valves 83 and 88.

Upon complete exhaustion of the pressure fluid
from the chamber 78 the valve 83 is closed by
its spring to cut off the further flow of pressure
fluid to the diaphragm 66, and the valve 88 is

" opened to exhaust the pressure fluid which may

be present in the chambers 15 and 19, thus per-
mitting the arm 63 to depress the valve 62 and
cause the valves 61 to be shifted one after the
other for unloading the compressor and in the
reverse order to that followed for loading the
compressor. More specifically, the pair of clear-
ance valves operating to effect the -final step of

loading of the compressor will then be caused

to operate for effecting the first step of unload-
ing. ‘The remaining valve mechanisms in the
cylinders will then successively operate, in pairs,

3

to effect further steps of unloading and, as a
final step of unloading, the valve 6{ controlling
the by-pass valves 37 and 46 will be shifted to
open the by-pass ports.

The casing 70 and its associated parts thus.

constitutes means for controlling the regulator
and enabling it to be actuated as conditions de-~
mand; and this controlling means is in turn gov=-
erned by the action of the suction pressure in
the pipe i01.

It will be clear from the foregoing that the
compressors- will withdraw all of the propane gas
remaining in the oil coming through the conduit
21 from the tank where it has been cooled; and
discharge it through the conduit 30 into a stor-
age vessel; and will continue working as long as
there is any propane gas left. Although the pres-
sure of this gas may be quite low it will influence
the lever 94 and move it towards the vent 93;

and thus make the controlling means act upon’

the regulator, and cause the load-altering devices
to work as needed until all of the propane is
collected. .

‘While I have described the invention in regard
to a special purpose that it is designed to serve, it
is obviously capable of use for other purposes; and
may be used to extract and compress other gases
than propane; and while a given construction has
been shown and described, changes in said struc-
ture may, of course, be made, and the invention is
to be construed as residing broadly in the features
pointed out in the appended claims,

In practice the gas extracted from the conduit
21 may be delivered through the pipe 38 to a con-
denser; and the compression pressure at which the
gas is discharged from the cylinder 23 will be such
as the condenser requires

I claim:

1. The combmatlon of a compressor, a load
controlling device therefor, means for causing
actuation of said device and requiring a power
medium at relatively high pressure to operate
said means, and means responsive to a power me-

dium at lower pressure produced by the com- .

pressor to transmit said power medium at high
pressure to actuate the first said means.

2. 'The combination of a compressor, a load
controlling device, means to be actuated by a
power medium at a relatively high pressure to
cause- operation of said device, and means re-

sponsive to variations in the suction pressure of .

the compressor for transmitting said power me-
dium to actuate the first said means.

3. The combination of a compressor, a pres-
sure-actuated load controlling device therefor,
means actuated by a power medium at a relatively
high pressure to cauise operation of said device,
and means responsive to variations in the suction
pressure of the compressor to transmit said me-
dium to actuate the first said means.

4. The combination of a compressor, power-
actuated load controlling devices therefor, a pres-
sure-responsive regulator for causing operation of
said devices by a power medium at higher pres-
sure than the suction pressure of the compressor,
means for transmitting said medium to actuate
the regulator, means- acting responsively to va-
riations in the suction pressure for controlling the
last-named means, and a conduit for conveying
‘said medium to the regulator for distribution to
the load controlling devices.

5. A compressor comprising a load changing
device, a regulator for said device, an actuator for

the regulator and means to operate said actuator -

and enable said regulator to be controlled.
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6. The combination of a compressor, a load-
changing device therefor, a regulator to transmit

a pressure medium to operate said device, an ac- -

tuator for the regulator, and means connected to
the source of said pressure medium to control said
actuator.

7. The combination of a compressor, a load-
changing device therefor, a regulator, means for
controlling said regulator, and a connection by
which the suction pressure of said compressor
causes operation of the controlling means.

8. The combination of a compressor, a load-
changing device therefor, a regulator, means for
transmitting a pressure medium to the regulator
for the actuation of said device, means for con-

trolling the regulator, and a connection by which -

the suction pressure of the compressor operates
the controlling means.

9. The combination of a compressor, a load-
changing device therefor, a regulator for said de~
vice, means for controlling the regulator, and a
connection from said means to the suction side of
the compressor to enable the said means to be op-
erated, said connection having an element therein
to enable the controlling means to take effect.

10. The combination of a compressor having &
load-changing device, a regulator for said de-
vice, means for controlling said regulator, a con-
nection with a source of pressure medium to en-
able said regulator and said means to be actuated,
and a connection from said means to the suction
side of the compressor, said connection including
an element to enable the controlling means to
cause operation of the regulator to increase the
load on the compressor as the suction pressure
rises.

11. The combination of a compressor, a load-
changing device therefor, a regulator for said de-
vice, means for controlling the regulator, and a
connection from said means to the suction side
of the compressor, said connection comprising a
vent and a member movable towards and from
open position with respect to said vent to render
the controlling means effective to a greater or
lesser degree,

12. The combination of a compressor having a
load-changing device, a regulator for said device,

2,032,429

means for controlling said regulator, a connection
from the regulator to the suction side of the com-
pressor whereby the action of the controlling
means is varied according to changes in the
suction pressure, said connection comprising a
vent and an element operable in response to
changes in the suction pressure to move towards
open or closed position with respect to the vent

<

in accordance with the variations in said suction

pressure.

13. The combination of a compressor having a
load-changing device, a regulator to cause said
device to take effect, connections for transmitting
a power medium through said regulator to said
device, controlling means also connected to said
regulator, said means comprising diaphragms
and valves for enabling said pressure medium to

influence the regulator in varying degree, and a

connection from the suction side of said com-

pressor to said controlling means to enable the 2

action of said controlling means to be deter-
mined in accordance with variations in said
suction pressure,

14. The combination of a compressor having a
load-changing device, a regulator to cause said
device to take effect, connections for transmitting
a8 power medium through said regulator to said
device, controlling means connected to said regu-
lator, said means comprising diaphragms and
valves for enabling said medium to influence the
regulator in varying degree, and a connection

10

from the ,suction side of said compressor to said .

controlling means to enable the action of said
controlling means to be determined in accordance
with variations in said suction pressure, said last-
named connection comprising a vent, an element
responsive to suction pressure to move towards
and from open position with respect to said vent,
and an equalizing chamber in said last-named
connection.

15. A compressor having a plurality of pressure

35

40

actuated loading devices, and means responsive to -

decrease in the pressure at the compressor intake
to control the operation of the loading devices to
progressively load the compressor.

CHESTER W. METZGAR.
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