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15 Claims.
Thls invention relates to ccmpresscrs and

more particularly toa Ioad-ccntrclling apparatus |

fcr machines of this character.
The invention is partficularly applicable to
B compressors having clearance chambers and suit-

‘able valve mechanisms whereby the load on the

" compressor cylinders may be gradusally altered
for either loading or unloading the compressor.
A specific utilization of the invention may be

1 10 that of controlling the load of a compressor

- used for removing gas under pressure from a
tank or chamber containing a definite volume of
gas so that, as compression proceeds the pres-
sure of the fluid supply is reduced. The several
18 controlling elements of the apparatus may come
into operation at predetermined pressure values

to cause additions to the load on the compressor
and in that way assure a constant discharge

" pressure, Irrespective of the value of the pressure
- 20 of the fluid constituting the source of supply.
One object of the invention is to effect a regu-
~ lation of the load on a compressor cylinder. or
cylinders in response to variations in the value
| of the suction pressure.
o5 A further object of the invention is to provide

& compressor with load-changing devices each

having a separate regulator or controller therefor.
Another object is to arrange such separate
regulators for the load-changing devices so that
one acts as a master regulatcr for the remaining
‘ones. |
| Other- obj ects will be in part obvious and in
- part pointed out hereinaffer,
‘One purpose which the invention can serve is
‘g5 in regard to the cooling of petroleum and its dis-
- tillates to cause the separation. of the paraffin
~ therein, preparatory to the recovery of the par-
affin. The oil containing the parafiin, after such

. 80

- 40 8 suitable vessel or reservoir, and then a cooling
‘medium such as liquefled propane gas (C3:Hs) is

- mixed with it: the pressure and temperature
within the reservoir containing the oil being so
adjusted that the propane can readily be con-

verted back into gaseous form. When the proc-

ess of mixing is complete, the propane is allcwed
to vaporize in said vessel: and, In the course of
- vaporization, the propane takea from the oil an
amount of heat corresponding to the specific

- 45

-‘required degree, During vaporization the. pro-

" pane bubbles out of the oil and collects above it,.

~ 80 that, by means of this invention, the propane
556 can be pumped out.
| cocling .of the oil the parafiin wax separates and
when all of the propane has been recovered, the
“ofl and paraffin are piped out of the réservoir, so

that the parafiin can be extracted. The appara-
60 tus to be described includes devices for exhaust-

- treatment as may be necessary, is conducted into

heat of vaporization of the propane. This heat
becomes latent and the oil is thus cooled to the

As a consequence of the

(CL. 230—21)

ing the propane frcm said vessel and delivering

it at constant pressure, as the pressure in the
reservoir progressively drops..

- The accompanying drawing illusirating one |

form which the invention may assume in prac-
tice, is a diagrammatic view partly in section of

a load-controlling apparatus constructed in ac-

cordance with the practice of the invention and

showing it connected to a compressor.
- Referring more particularly to the drawing,
the load-controlling apparatus, designated in

100

general by 20, is shown applied to a muilti-stage

compressor 2§ comprising low and high pressure
cylinders 22 and 23, respectively. Within the cyl-
inders 22 and 23 are double acting pistons 24 and
25 which are driven by a motor 26. |

The low pressure cylinder 22 is connected to a

source of fluid supply, for example a tank or

reservoir 21, by a conduit 28 and the fluid
passing frcm the cylinder 22 flows directly

through a conduit 29 into the high pressure -

cylinder 23. From the high pressure  cylinder

23 the compressed fluid flows to the point of
. application. through a discharge conduit 30.

It is understood, of course, that the connec-
tion between the cylinder 22 and the conduits

15
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28 and 29, and between the cylinder 23 and the

conduits 29 and 30 is shown diagrammatically
only, and that suitable valves or the like will
control the flow of the gas from the vessel 21

to the cylinder 22 and thence to the cylinder 23

and out through the pipe 30.
In order to enable the load on the compressor

"cyhnders to be altered, each cylinder is pro-

vided with suitable load-controlling devices.

The low pressure cylinder accordingly has a plu-

rality of clearance chambers, four being shown
for illustrative purposes. Those adjacent the
crank end are designated 31 and 32, while those
asscciated with the opposite end of the cylmder
22 .are designated 33 and 34. Each clearance
chamber communicates with the adjacent end of

‘the cylinder 22 through a port 3%, and communi-

cation is afforded between pairs- of. clearance

chambers lying on each side of the cylinder

through a by-pass port 36.

The latter ports are controlled by pressure

actuatéd spring-pressed clearance valves 317

- which operate to control the by-passing of fluid

betweén ends of the cylinder 22. Similar valves
designated 38, 39, 40 and 41 are arranged in the
chambers 31, 32, 33 and 34, respectively, to con-
trol the associated 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 crank

30
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end of the cylinder and a like number designated

4 and 45 at the opposite end of the cylinder.
As in the low pressure cylinder the clearance
chambers lying on & slde of the cylinder 23 also
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| communicate with each ct her through ports 36
“which are controlled by pressure actuated valve
devices 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 controiled by pressure actuated valve mecha-

10

- a. casing -31 and & pressure actuated spring-
opposed plunger 52 adapted to seat inte the ends

15

nisms 41, 48, 49 and 50 arranged in the clear-

ance chambers 42, 43, 44 and 49, respectively.
“The valve mechamsms ccntrclhng the ports 35
and 36 may be of a well known type ccmpnsmg

of the ports 35. 'The valve mechanisms are pref-
erably operated in pairs, that is, the pressure

fluid whereby the plungers 52 are actuated is

simultaneously supplied to or exhausted: from

-two valve mechanisms of a cylinder. The valves

- 31 controlling the by-pass ports:36 of the low

20

pressure cylinder are accordingly connected to a

common conduit 53. In like manner the valve

mechanisms 38 and 41 are connected to a con-

duit 54 while thepressure fluid is mmultanecusly |

- supplied o0 and discharged from the valve mech-

25
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- anisms &3 and 40 through a conduit 55.

- The valve mechanisms controlling the:loading
of the 'h-igh'pressure- cylinder 23 -are similarly
operated, the valve mechanisms 46 controliing the

- by-pass ports 36 _being connected-to receive pres-

sure fluid from a common supply conduit 56. In
order to simultaneously affect partlal loading or

unlcadmg of each end of the high pressure cylin-
der one valve mechanism- at. each end of the

~ cylinder 28, as for instance those designated 4T

- and 50, are connected to a supply conduit 51 and-
the valve mechgnisms 48 and 49 are ccnnected

to a supply conduit 58. .
In accordance with the pract..ce of the inven~
tion each supply conduit is connected to an

- individual controlling device whereby the supply

40

of pressure fluid to the. valve mechanisms asso-

ciated with the-clearance chambers is controlled.

These sontrolling devices designated 59, 60, 61, 62
63 and-64 are connected to the conduits 56 58, o1,

= 53, 55 and 54, respectively. - -

o
Wt

50

| Structurally the controlling dewces are sub- .

stantially identical so that a ctescrzptmn of one
will suffice for-all. Each contrelling device com-
brises a main casing 6% having s valve chamber
66 closed at its lower and upper ends by heads

67 and 68, respectlvely The head 68 has a flared

" portion 69 andé g cover 10 cccperates therewith o
- form & pressure chamber 11 which is in free com-

55
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- munication . with a source of suction pressure, in

this instance the tank 27, thrcugh a conduit 72,
the header 20¢ and a branch pipe 13.

-~ The valve chamber 66 contains a pllct valve 14’ |
of which the lower end extends into the head 671
and is seated upon a:ispring 15 supported by a

cap 16 threaded on the head 67 for adjusting the

force of the spring 15. The opposite end of the
valve 14 extends into the flared portion 69 of the

head 68 and has affixed thereto a head 177 which
seats against a diaphragm 718 clamped between

- the flared portion 69 of the head €3 and the

65
70

75

cover 10.

The valve 14 serves as a pllct valve for con-
trolling the admission of pressure fluid to a main

valve T8 reciprocable in the. casing 65. Such

pressure fluid is supplied to the valve chambers

66 by the SLpply conduit 56 which is connected

to the valve chambers 65 by branch conduits 80.
The pilot valve 18 admits pressure fluid selectlvely

to the ends of the main valve 19 for conne cting
the valve chamber 68 with a aupply conduit lead-

-ing to the clearance valve mechamsms or fcr.

~ connecting a. supply condl.ut With discharge pipe

81 connected to the valve casing 65.
As has been previously intimated, the head 11: |

of each controlling device is constantly subjected

to the pressure existing in the.tank 271- and in 5

order that the valves 14 wherewith they are asso-

- clated may came into action at different suction
- Dressures sald heads are of different diameters.
- Thus with the head 17 of the controlling device 59

of larger area than the other heads 17 it will 10

_.Vleld to a lower suction pressure, at equal pres=
sures ¢f the springs 15, than will the heads of

smaller diameter. Ccnversely, upon a reduction.
in the pressure acting against the head 11 the |
valve 14 of the controlling device 59 remains de- 15
pressed until all the other valves have been re-.

Stored to their initial positions by their springs.

In the present arrangement, and with the head
11 of the controlling device 59 of maximum area,

the heads of thke other controlling devices are of 20
increasing areas from that of the controlling de=

vice 6& to the hiead 17 of the controlling-device 64
Wwhich latter head constitutes that of maximum .
arega of the grcup of ccntrclhng demces 60 to 64,

inclusive. 25

Preferably the presaure ﬂmd supplied to the

- controlling devices 60 to 64 and distributed there-
- by to the valve mechanisms wherewith they are

assoclated passes through the: -controlling device -

- 99 wkhich is, in effect, the master controller. To 3_0_'

this end the centrclllnﬂ' device 39 is connected-to
the conduit 72 and reservoir 271 by a :conduit 82
having interposed therein a manually operable .
valve 83. The valve 83 is of:the two-way type
and serves to-establish communication between 35
the several sections &f the conduit 82 connected

to the valve 83 or between that section of the
conduit 82 leadmg from the valve casing 695 to the

valve 83 and an exhaust pipe 84.

The operation of the device is as fcllcws het 40
it be& assumed that it is intended to remove gas
under pressure, as say 125 pounds, frem the tank

21 and compress it to a final discharze pressure

of 200 pounds and that it be desired to maintain g
a predetermined load on the ecmpresscr through- 45

out the compression: period. As a first step of

operation intended fo meet these conditions the

~valve 83 is cpened to supply pressure fluid from

the-vessel 21 to thé valve chamber 66 of the

controlling device 59. It is, of course, under- 50

stood that each pilot valve 14 of the -various con-.
trolling devices is depressed, those of the group

of eontrolling devices 60 tc 64 bemg in a posi-
- tion to admit pressure fluid to the main valves

19 for positioning them so that the main con- 55_-
duits which they control are connecned ‘with the

-adJacent discharge pipes 81. s

" With the several valves of the ccntrclling de- -
vices 60 to 64 in the position described, angd the
valves 74 depressed and before valve 83 con-
nects the device 99 to the tank 2% no pressure

fluid will, therefcre pass to the associated valve |
mechanisms in. the compressor cylinders and the

valve mechanisms will, in consequence, remain gg
open to connect the ends of the cylinders with

‘the clearance chambers. Upon the admission of
pressure fiuid into the controlling device 99. how-
-ever, its main valve 79 rises and assumes a po-

sition to pass pressure fluid through the pipe 56 70
to the valve chambers 66 of the. other con- )
trollirig devices and also to the valve mecha-

nisms 46 in. the high pressure cylinder. The
valve mechanisms 46 will then close the pcrts 36

to prevent the by-passing of fluid and the high 75
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-pressure cylinder 23 will thereby become par-

tially loaded.
The valve chamber ll of the device 88 has an
upper.port 8§ and a lower port 6 with passages 1

“and 8 respectively, connecting these ports to the
top and bottom of the space containing the main

valve 79. This valve moves s sliding valve $

‘having a recess (0 which is capable of connect-

ing.ports 11 and 2 leading respectively to the
pipe 56 and the exhaust pipe 81, so as to put

- these pipes into. communication with each other.

The supply pipe 82 connects with the inside of
the chamber 66 through a port 18 and a duct

i4 connects this chamber to the middle of the

space containing the valve 19. The valve 14

has two heads {6 thereon to control the ports 5

and 6, and the valve 18 has at its ends heads
i6 connected by a reduced part I11. Hence, when
the diaphragm 78 is depressed, the upper port

5 will be cut off by the upper head (5 of the

valve 14 while the lower head 15 will expose the
port 6. Fluid from the pipe 82 passing into the
chamber 66 flows through the port 6 and passage

8 to lift the valve 79.- The slide valve 9 then

exposes port 11 to the pipe 8%, but closes the
outlet port {2 to exhaust pipe 81. Pressure fluid

then flows past the portion 1T of the valve 19

into the pipe 86, while the outlet lz to the pipe.
8! is closed. |

30

The fluid intended to be compressed passes di-

rectly through the low pressure cylinder and the
conduit 29 into the high pressure cylinder 23

and, with the various valve mechanisms of the
low pressure cylinder occupying their open po-
sitions, the pressure of the fluid passing through
the low pressure cylinder will not be increased.

The compressor will continue to operate in this

- manner until the suction pressure drops to a

40

value at which it no longer predominates over -
that exerted by the spring T8 of the controlling

device 60. The said spring will then raise the
associated pilot valve T4 to admit pressure fluid
to the main vaive 18 and sald main valve will
then be dropped to connect the condult 58 with
the valve chamber 86.

This operation takes place In the same man-
ner as described above in connection with the

controlling device 89, because the arrangement of

ports, passages and valves is the same.

. In the new position of the valve 19 of the
. controlling device 88 pressure fluid flows through

~ the conduit 58 to the valve mechanisms 48 and
- 43 to close them, thus increasing the load of the

55

60

compressor by, say one-quarter, depending upon
the capacities of the clearance chambers.
As the operation of compression proceeds and

_the pressure value of the fluid in the tank 27,

In consequence, decreases, the spring 1% of the
controlling device ! will raise its associated valve
14 and cause the valve 18 of that controlling
device to be shifted. Pressure fluid then flows
through the supply conduit §1 to the valve mech-

anisms 47 and 850 for closing them. The high

pressure cylinder 28 will then be fully loaded.
When the suction pressure drops sufficiently to
allow the spring 78 of the controlling device §2

“to lift its valve 14 pressure fluid is admitted to

the valve mechanisms 31 of the low pressure
cylinder to close the ports 38 and thus cause the

low pressure cylinder to operate at part load.

Thereafter, as the value of the suction pressure

‘decreases the controlling devices $3° and ¢4 will

- come successively into action to close the valve

75

mechanisms wherewith they are connected
through the supply conduits §§ and ll Tespec-

tively. ‘The compressor will then be completely-

loaded.

In order to prevent the creation of a sub-atmos-

pheric pressure in the tank 27 the spring 15 of
the controlling device 59 is adjusted to act at
approximately atmospheric pressure. Thus when
the pressure in the tank 27 reaches that value the
valve T4 is raised to exhaust the holding pressure
from the adjacent valve 19. Hence, the lower
head I8 on this valve rises above the lower port

6 and associated passage 8 and the upper head

{8 uncovers the upper port 8. Pressure fluid
from the pipe 82 now passes through the passage
1 and reaches the top of the valve 19, and de-

. presses it. The fiuld below this valve then flows
through the passage 8 and the port 6 into the,

lower portion of the casing 65, whence it may

10

16

escape to the stmosphere through a suitable port -

in the casing 658. The valve 19 will then move
down to connect the conduit 58 with the discharge
pipre 81 through the valve 9. All the valve mech-
anisms in the compressor are then connected

through thelr respective supply conduits and con-

trolling devices with the discharge pipe 81 of the
controlling device §9, thereby completely unload-

25

ing the compressor. The valve 83 may then be

- placed In the position for connecting the pipes

82 and 84 with each other and incidentally cut-
ting off communication between the tank 27 and
the valve chest 66 of the controlling device 989.
From the foregoing it will be apparent to those
skilled in the art that the device will operate to
compensate for the decrease in suction pressure

- resulting upon removal of gas at a definite rate
- from the tank 27 and that the load on the com-
pressor will thus hecome gradually increased until

~ the pressure in the tank 27 has been reduced to

approximately atmospheric pressure, whereupon
the master controller will act to effect complete

-unloading of the compressor.

When the invention is employed in the man-

paraflin bearing oil, the propane can be removed
from the reservoir at a uniform rete and the en-

. tire quantity can be exhausted in a given time.

Also, with the suction pressure high at the start
and gradually dropping, and the compression
pressure maintained constant by the pumping

mechanism, there is a considerable saving -in

power over what would be required if the gas in

30

_her above described, to extract propane from

45

the tank 27 were first allowed to decrease in pres-

sure and then supplied through suitable appli-
ances at a constant suction pressure to the cylin=

ders 22 and 23. From the compressor the pro-

. pane can be conducted to a condenser to be again
Hquefled.

. Of course, the invention can be put to use to

extract ana compress other gases than propane,
and the description herein is for purposes of

explanation only. In practice many changes in
structural details and mode of proceeding might
be made and the scope of the invention is set

forth in the broad terms in whlch the claims

appended hereto are expressed.
I claim:

1. The combination of a ‘compressor, & plu-
rality of clearance chambers, clearance valves for
each chamber connected to operate in pairs, &
plurality of control devices each directly control-
ling operation of a pair of clearance valves and
each acting in response {0 a dlﬂerent predeter-
mined pressure, and a master control device di-
rectly controlling operation of one pair of clear-
ance valves and indirectly controlling operation
of the remaining clearance valves by controlling

58
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({
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- determined minimum suction pressure to effect

15
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opera.tlon of their respective contr olling devices.

2. The combination of a compressor, a plurality -
of clearance chambers, clearance valves for the

chambers, by-pass valves to control communica-
tion between the chambers, a plurality of devices
for controlling the clearance valves and connected

to act one after another in response to decre-

ments in the value of the suction pressure for

effecting gradual loading of the compressor, and

a controlling device for the by-pass valves con-
nected to act responsively to suction pressure to
effect closing of the by-pass valves and to a pre-

opening of the by-pass valves.

3. The combination of a compressor, a pluranty
of clearance chambers, clearance valves for the
chambers, by-pass valves to control communica-
tion between the chambers, a plurality of devices

for controlling the clearance valves and connected

to act one after another in response to decre-
ments in the value of the suction pressure for
effecting gradual loading 6f the compressor, and
a controlling device for the by-pass valves con-
nected to act responsively to suction pressure for

effecting closing of the by-pass valves and to-

supply pressure fluid to the first mentioned con-
trolling devices for closing the clearance valves,
said last mentioned controlling device connected

- to act responsively to a predetermined minimum

suction pressure for oﬂ‘eotmg oompleto unloadmg
of the compressor.

4. The combination of a plurahty of compres-
sors, a plurality of load controliing devices for
each é¢ompressor, o plurality of devices for en-
abling the lcad controlling devices to be operated
and connected to.act one after the other in re-
sponse to variations in the value of the suction

pressure for effecting gradual loading of the com-

pressors according as the value of the suction

pressure decreases, one of said second mentioned
devices operating to effect complete un]oo,ding of

- all the compressors.

45
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5. The oombmat;on'of a plurality of compres-
sors, a plurality of load-controlling devices for

eaoh compressor, a. plurality of devices for en-

abling the load controlling devices to be operated
and connected to act one after the other in re-
sponse to decrements in the value of the suction

pressure for effecting first a gradual loading of

one compressor and subsequently a gradual load-
ing of another compressor according as the value
of the suction precsure decreases, one of said
second mentioned devices operating at a prede-

termined minimum suction pressure to effect com-.

plete unloading of all the compressors. |
6. A load controlling apparatus for a compres-

sor having a plurality of clearance chambers,

clearance valves for said oh&mhors Dy-pass clear-
ance valves for controlling communication be-
tween the clearance chambers, and a plurality of

- controlling means each controlling a -pair of said

-valves, one of said oontrollmg means acting as a

master controlling means to control actuation of

- the remainder of the said controlling means, one

65

0

of said controlling devices serving to confrol actu-
ation of the remaining confrolling devices by the

pressure meditim while oontrolhng its respoctwo

loa.dmg device. .
7. The combination with a compressor and

loading means therefor of a plurality of control-

~ ling devices each controlling a loading device, and

a common source of pressure medium connected

2, 125 355

to said controlling devices through which sald

loading devices are actuated.

8. The combination of a .compressor having‘

loading devices, a plurality of controlling devices
connected 1nd1vidua11y to certain of the loading

devices and one of which controlljng devices is a

master controlling device and serves to control
the remaining controlling devices, each control-

ling device comprising a separate casing contain-

ing a main valve and a pilot valve, and a source 10

-of pressure medium connected to said casings to

actuate said loading devices, said connection in-
cluding means for passing said medium through
the casing of the master controlling device to the

casings of the remaining controlling devices.

9. The combination of a compressor having
loading devices, a plurality of controiling devices

for the loading devices, connections for convey-,
ing pressure medium from each controlling de-

vice to a loading device, and connections for con-
veying pressure medium from one of said control-
ling devices to the remaining controlling devices.

10. The combination of a compressor having
loading devices, a plurality of controlling devices
for the loading devices; connections connecting
each controlling device with a pair of loading de~

15

20

25

vides to convey pressure medium thereto, a mas-

ter controlling device, and connections to convey:

pressure medium from the master controlling de-
vice to the first mentioned controlling devices and
to a pair of loading devices.

11. The combination of a compressor ‘having

- loading devices, a plurality of controlling devices

each controlling a pair of loading devices, and a
master controlling device controlling operation of
said plurality of controlling devices while control-

ling a pair of loading devices.

12. The combination of a compressor having
loading devices, a plurality of controlling devices
each controlling a loading device, and a master
controlling device controlling said plurality of

- devices and a loadlng dewce substantially simul-

taneously.

30
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13. The combination of a compressor having -

loading means, separate means each controlling a

45

loading means, and master means controlling said

separate means a.nd a loading means substantlally
mmultaneous]y

14. The combination of a Ccompressor ha.vmg
loadmg means, 8 plurality of means each con-

- trolling a loading means, and master means con-

trolling a plurality of means and a loading means
substantially simultaneously, said master means
and each said separate means being actuated by
8 different pressure. :

15. A compressor . comprising loading devices,

controlling devices for the respective loading de-
vices to increase the load on the compressor
step-by-step as the compressor discharge pres-
sure decreases, each of said controlling devices
comprising a casing having a pilot valve therein
and an additional mechanism to enable the re-
spective loading devices to be actuated, a head
affixed to said valve, a diaphragm to engage the
head, means for subjecting the diaphragm to the

pressure of a fluid medium, and a spring to oppose -

the force of the pressure fluid acting against the
diaphragm, said head for each controlling device

" being of a different size whereby different pres-

sures actuate each device to affect step-by-step
loading of tho compressor.
CHESTER W. METZGAR
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CERTIFICATE OF CORRECTION.
Patent No. 2,125,355, August £, 1938.
CHESTER W. METZGAR.

It 1a hereby certified that error appears In the printed speciflcetion
of the above mumbered patent requiring correctionas followa: Page i, first
column, lines 6l to 68 inclusive, claim 6, strike out the comma and words
", oneof said controlling devices serving to control actuation of the re-
- maining controlling devices by the pressure medlum while controlling its
respective loading device" and insert the same after "actuated" and before
the period 1in aecond_column¢lline 2, c¢claim 7: 11ne 26-27, claim 10, for
"devides" read devices; and that the sald Letters Patent should be read
with this correction ‘therein that the same may conform to the record of
the case in the Patent Office.

Slgned and sealed thils 1lst day of Novembar, A. D. 1938.
Henry Van Arsdale

(Saﬁl) Aéting Cammissioner of Patents,
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