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This invention relates to positive displacement com 
pressors. Such compressors may be single or multi-stage 
reciprocating compressors or single or multi-stage rotary 
vane or screw compressors or other positive displace 
ment compressors in compressors having automatic 
valves, which is usual in reciprocating compressors, said 
check valve may be the delivery valve or valves in the 
compressor, or a separate valve in the delivery conduit. 
One object of the invention is to provide an unloading 
mechanism for compressors of the above type which 
permits the compressor to be unloaded and to run idle 
with substantially the same pressure in the intake passage 
and said compression chamber in the compressor, which 
preferably is the high pressure compression chamber in 
a two or multiple stage compressor; thus the compressor 
can run unloaded with substantially the same body of 
gaseous fluid circulating through the compressor during 
the unloading period. A still further object of the in 
vention is to provide a compressor in which moisture or 
impurities do not accumulate in the compressor during 
unloading periods. There is also provided a compressor 
which does not blow out a wet intake air filter during the 
unloading period. A still further object of the in 
vention is to provide a compressor in which the tempera 
ture of the gaseous fluid circulated through the com 
pressor during idling periods is maintained at a low value. 
A still further object of the invention is to provide an 
unloading mechanism which is inexpensive and safe in 
operation and which does not affect the suction and 
outlet valves of the compressor. Another object of 
the invention is to avoid oil deposits around the com 
pressor during idling, and to prevent disturbing noise of 
the idle running compressor. 

In the accompanying drawings one embodiment of a 
compressor according to the invention is illustrated by 
way of example. FIG. 1 is a side view and partial 
vertical section of a two-stage, two-cylinder reciprocating 
compressor according to the invention. FIG. 1a is an 
enlarged broken away detail of the compressor in FIG. 
1. FIG. 2 is a section showing the unloading valve 
mechanism according to the invention on a larger Scale. 
FIG. 3 is a modification involving an intake throttle 
valve arranged at the intake of the low pressure cylinder 
of a compressor similar to FIG. 1. 
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The compressor illustrated in FIGS. 1-2 is an air 
cooled two-cylinder, two-stage compressor which may be 
driven by an internal combustion engine or in any suit 
able way. The compressor consists of a casing 1 carry 
ing two cylinders 2 and 3 for low and high pressure com 
pression. The low pressure cylinder has a cylinder head 
4 which through an intake manifold 5 is connected to 
an air intake filter 6 through which air is conveyed to the 
low pressure cylinder. The cylinder head 4 is provided 
with an admission valve assembly 7 and a pressure valve 
assembly 8 provided in inlet and outlet chambers 9 
and 10, respectively, the latter communicating through a 
conduit 11 forming an air cooled intermediate cooler 
with an admission valve chamber 12 provided in a 
cylinder head 13 carried by the high pressure cylinder 3. 
The cylinder head 13 is also provided with a delivery 
chamber 14 from which a conduit 15 carries compressed 
air to a receiver 16. 17 and 18 indicate the suction and 
pressure valve assemblies of the high pressure cylinder. 
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20 and 21 indicate the low and high pressure pistons 
which by means of piston rods 22, 23 may be con 
nected to a crank shaft 24 driven by the internal com 
bustion engine or otherwise through a suitable, not il 
lustrated coupling. An unloading valve 25 is provided 
in a bore in the cylinder head 13 of the high pressure 
cylinder 3. Said unloading valve 25 consists of a large 
piston portion (see FIG. 2) 26 and a small piston por 
tion 27 provided on a stem 28 which carries the unload 
ing valve member 29 at one end. The small piston 
portion 27 is movable in a bore 30 and the large piston 
portion 26 in a bore 31 in the cylinder head 13. The 
bore 30 communicates with the compression chamber 
32 of the high pressure working cylinder through a 
tapering bore 33 forming a seat for the unloading valve 
member 29 at the juncture between the bore 30 and 
the compression chamber 32. A helical spring 34 which 
is carried in a bore 35 in a spring retaining and adjust 
ment plug 36 acts on the large piston portion 26 and 
normally keeps the valve member 29 seated on the seat 
33 against any compression pressure which may occur 
during operation in the compression chamber 32. An 
annular space 37 formed around the stem 28 between 
the large piston portion 26 and the small piston portion 
27 communicates through a bore 38 and a pipe 39 with 
a pressure regulating valve 40 provided on or connected 
to the air receiver 16 through a pipe 70. The valve 
40 may be of conventional design and will be described 
hereinbelow. An annular space 41 formed around the 
stem 28 between the small piston portion 27 and the seat 
33 communicates through a bore 42 and a pipe 43 with 
the intake manifold 5 connecting the air filter 6 to the 
inlet valve chamber 9 of the low pressure cylinder 2. 
44 is the delivery pipe from the receiver 16 to the com 
pressed air consuming tools or apparatus. 
The regulating valve 40, FIG. 1a, is connected to the 

air receiver 16 through the connection 71 and pipe, 70. 
Through a connection 72 and pipe 39 it communicates 
with the unloading valve 25 in the cylinder head 13. 
The actual regulating member consists of a spring 

loaded valve member 73, which in its lower position 
Seals against a valve seat 74 and, in its upper position, 
against a valve seat 75. During compression periods of 
the compressor, the valve member remains in its lower 
position. The tension of a spring 76 acting on a valve 
Stem and Spring guide 77 is then sufficient to overcome 
the air pressure on the bottom of the valve member 73. 
The connection 72 to the unloading valve communicates 
with the atmosphere through the passage around the 
valve stem 77 and an air vent hole 78 in an adjusting 
Screw 79. 
When the pressure in the air receiver 16 and thus 

under the valve member 73 reaches a predetermined 
value, the tension of the spring 76 is overcome and the 
valve member is lifted to its upper position. When this 
occurs, the unloading valve 25 is operated since venting 
to the atmosphere is interrupted and pipe 39 is put into 
communication with the air receiver 16 through the fine 
passage between the valve member 73 and a bore 81 in 
the valve housing 80. Consequently, the unloading valve 
is actuated by compressed air acting on the large under 
side of the piston portion 26, resulting in the valve mem 
ber 29 being opened, and held open, so that the com 
pressor idles. 
When the pressure in the air receiver drops to a pre 

determined value, the valve member 73 resumes its lower 
position due to the tension of the spring 76. The unload 
ing valve 25 is now put into communication with the 
atmosphere through pipe 39 and vent passage 78 and the 
compressor is reloaded. The difference between the un 
loading pressure and the reloading pressure is determined 
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by the stroke of the valve member 73 and may be adjusted 
by means of brass shims 82 of various thickness provided 
between the housing 80 and the connection 7 and a 
bushing 83. 
The unloading mechanism described in connection with 

FIGS. 1-2 operates in the following manner: 
It may be assumed that at first the compressor is at 

stand-still and the receiver 6 not loaded. It is then as 
sumed that the compressor is started and begins to deliver 
air to the receiver 16 in which air pressure is slowly build 
ing up. The unloading valve 29 is closed during this 
operation since at the start the compressor anyway oper 
ates substantially without resistance. When the compres 
sor has gained speed the pressure in the receiver 16 rises 
and, if no air is drawn from the receiver to a consumer, 
the air pressure in the receiver will rise to the maximum 
pressure for which the pressure regulating valve 40 is set. 
When said pressure is reached the valve 40 opens and 
maximum receiver pressure is admitted through the pipe 
39 to the annular space 37 and the underside of the large 
piston 26 which is displaced against the action of the 
helical spring 34 so that the valve 29 is opened. The valve 
29 then opens the passage from the compression chamber 
32 through the annular space 41, the bore 42 and pipe 43 
to the intake manifold 5, so that the compressor is un 
loaded. The delivery valve 18 or a separate check valve 
19 or both prevent the compressed air in the receiver 16 
from escaping back to the compression chamber 32 and 
the high pressure cylinder. 

During the unloading or idling period the low pressure 
piston delivers air to the intermediate cooler 11 and the 
high pressure cylinder which air is then without sub 
stantial compression returned through the pipe 43 to the 
air intake manifold 5 and the inlet chamber 9 of the low 
pressure cylinder. Consequently, said air is circulated 
through the compressor the intermediate cooler and the 
pipe 43 substantially at admission chamber pressure and 
substantially no new air is drawn into this circuit through 
the air filter 6 as long as the compressor is idling, so that 
no new moisture or impurities will collect in this circuit. 
Due to the effect of the intermediate cooler the tempera 
ture of the circulating air is kept at a very low value. 

In the modification of the invention illustrated in FIG. 
3 a throttle valve 45 is movable in a housing 46 arranged 
between the air intake filter 6 and the intake manifold 5. 
The pipe 43 from the unloading valve 25 is connected to 
an inlet chamber 47 in the housing between the filter 6 
and the throttle valve 45. An outlet chamber 48 in the 
housing 46 communicates with the intake manifold 5. 
The valve member 45 is operated by compressed air 

supplied through a pipe 49 which may be branched off 
from the pipe 39 so that the valve member 45 is actuated 
simultaneously with the valve member 29 against the ac 
tion of a spring 50. The pipe 49 communicates with a 
chamber 51 which piston 52 formed on the stem 53 of the 
valve 45 is movable. 
The throttling of the intake to the inlet chamber 9 

during idling of the compressor produces considerable 
vacuum in the inlet chamber 9 and, consequently, in this 
embodiment a very reduced air quantity is circulated 
through the unloading valve 25 and the pipe 43 which 
makes it possible to reduce the dimensions of these parts 
correspondingly and also reduces energy consumption 
during idle running of the compressor. The throttle valve 
also serves to eliminate heavy back flow through the in 
take filter which may cause blow out of the oil in case 
of oil bath filters. 
The embodiment of the invention above described and 

illustrated in the drawings should only be considered as 
an example and the invention may be modified in sev. 
eral different ways within the scope of the following 
claims. 
What we claim is: 
i. In a positive displacement compressor apparatus of 

the character described having a low pressure stage and a 
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4. 
working cylinder disposed therein and a high pressure 
stage with a working cylinder disposed therein for posi 
tively compressing a gaseous fluid, a passage leading from 
said low pressure stage to said high pressure stage, an 
admission chamber in said low pressure stage, an intake 
passage leading to said admission chamber for admitting 
gaseous fluid for compression, and a receiver for receiving 
said compressed gaseous fluid, the combination which 
comprises conduit means connected to said high pressure 
stage and said receiver for conveying said compressed 
gaseous fluid from said high pressure stage to said 
receiver, a check valve in said conduit means pre 
venting flow of said compressed gaseous fluid from 
said receiver to said high pressure stage, pipe means lead 
ing directly from said high pressure stage to said intake 
passage, Valve means in said pipe means and connected 
to said receiver for normally closing said pipe means, said 
Valve means being responsive to a predetermined pressure 
in said receiver for opening said pipe means thereby al 
lowing direct flow from said high pressure stage to said 
intake passage causing flow through all of said pipe means 
and said intake passage and said admission chamber and 
said high and low pressure stages of susbtantially the same 
said gaseous fluid during the time when said receiver is 
at said predetermined pressure. 

2. Apparatus as recited in claim 1 in which cooling 
means are provided around said passage leading from said 
low pressure stage to said high pressure for cooling the 
said compressed gaseous fluid flowing therein. 

3. In a positive displacement compressor apparatus of 
the character described having a working cylinder disposed 
therein for positively compressing a gaseous fluid, an ad 
mission chamber and intake passage leading to said ad 
mission chamber for admitting gaseous fluid for compres 
sion and a receiver for receiving said compressed gaseous 
fluid, the combination which comprises conduit means 
connected to said cylinder and said receiver for convey 
ing said compressed gaseous fluid from said cylinder to 
said receiver, a check valve in said conduit means prevent 
ing flow of said compressed gaseous fluid from said re 
ceiver to said cylinder, pipe means leading directly from 
Said cylinder to said intake passage, valve means in said 
pipe means and in flow communication with said receiver 
for normally closing said pipe means, said valve means 
being responsive to a predetermined pressure in said re 
ceiver for opening said pipe means thereby allowing flow 
directly from said cylinder to said intake passage caus 
ing flow through said pipe means, said intake passage, 
said admission chamber, and said cylinder of substantially 
the same said gaseous fluid during the time when said 
receiver is at Said predetermined pressure, a throttle valve 
in said intake passage, and means connected to said con 
duit means for moving said throttle valve to a throttling 
position for diminishing the quantity of gaseous fluid 
flowing through said intake passage upon said receiver at 
taining Said predetermined pressure, said pipe means being 
attached to said intake passage upstream of said throttle 
valve. 

4. In a positive displacement compressor apparatus of 
the character described having a working cylinder disposed 
therein for positively compressing a gaseous fluid, an ad 
mission chamber and an intake passage leading to said 
admission chamber for admitting gaseous fluid for com 
pression, a receiver for receiving said compressed gaseous 
fluid, conduit means connected to said cylinder and said 
receiver for conveying said compressed gaseous fluid from 
said cylinder to said receiver, the combination which com. 
prises a check valve in said conduit means preventing 
flow of said compressed gaseous fluid from said receiver 
to said cylinder, pipe means leading directly from said 
cylinder to said intake passage, and valve means in said 
pipe means and in flow communication with said receiver 
for permitting flow of said gaseous fluid directly from 
Said cylinder to said intake passage when said valve 
means is open, Said valve means including a valve casing 
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in flow communication with said compression chamber, 
a multiple diameter bore in said valve casing, a valve 
member comprising a stem, a large piston at one end 
of said stem, a valve body at the end of said stem opposite 
said large piston with a small piston disposed intermediate 
thereof, an annular space surrounding said valve stem 
between said large and small pistons in said bore, a pres 
Sure-responsive communication means between said an 
nular space and said receiver for supplying pressure fluid 
to said space to operate said valve member upon attain 
ment of a predetermined pressure in said receiver, spring 
means in said valve casing and disposed against said stem 
for holding said valve body closed against flow commu 
nication with said compression chamber, said pressure 
fluid from said receiver acting upon said large piston to 
move said valve stem and said valve body against said 
spring means for opening said flow communication be 
tween said compression chamber and said pipe means 
upon said receiver attaining said predetermined pressure. 

5. In a positive displacement compressor apparatus of 
the character described having a low pressure stage and 
a working cylinder disposed therein and a high pressure 
stage with a working cylinder disposed therein for posi 
tively compressing a gaseous fluid, a passage leading from 
said low pressure stage to said high pressure stage, an ad 
mission chamber in said low pressure stage, an admission 
chamber in said high pressure stage, and an intake pas 
Sage leading to said admission chamber in said low pres 
Sure stage for admitting gaseous fluid for compression 
and a receiver for receiving said compressed gaseous fluid, 
the combination which comprises conduit means con 
nected to said high pressure stage and said receiver for 
conveying said compressed gaseous fluid from said high 
pressure stage to said receiver, a check valve in said con 
duit means preventing flow of said compressed gaseous 
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fluid from said receiver to said high pressure stage, valve 
means in said high pressure stage and in flow communi 
cation with said cylinder thereof and separate from said 
high pressure stage admission chamber in direct flow com 
munication with said intake passage, and pipe means con 
nected to said valve means providing flow communica 
tion with said receiver, said valve means being responsive 
to a predetermined pressure in said receiver for opening 
a direct communication between said cylinder of said 
high pressure stage and said intake passage to allow 
gaseous fluid to flow directly from said high pressure stage 
cylinder to unload said compressor for reducing the power 
consumption of said compressor during idling periods. 
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