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To all whom it may concern.: o
. -Be it known that I, Aporr Hing, a_sub-
Ject of the German Emperor, and resident
of Frankfort-on-the-Main, Germany,  have
ful Tmprove-
ments. in Rotary Compressors and the
Methods of Operating Them, of which the

L=

» following is a specification.
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Rotary compressors, as now constructed,
are inferior to reciprocating Piston com-

pressors in this respect that in the case of
a, temporarily Jow consumption of gas or
air the output of the compressor cannot be
adjusted to the momentary conswnpiion,

Reducing the output of the compressor by
~diminishing the suction effect by means of
“a-throttling device, is .an expedient avail-

able only down to a certain limit, the criti-
cal ontput at which the air or gas within
the compressor - is subject: to vibrations
which interfere with its proper operation.
It was therefore necessary hitherto, in the
event: of a low consumption, to operate the
compressor under too great a load and to
allow the excess of compressed air to escape
unused,

~In order to reduce this loss of energy, 1
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. air required for co
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have devised a method of operation ac-
cording to which, in case of a consnmption
lower than the normal output of the com-
pressor, the latter will be disconnected tem-
porarily from the pre
time that pressare in $aid pipe exceeds the
allowable minimum pressure (that is to saY,
the pressure at which the operation of the
compressor becomes jerky or subject to

vibrations) until. the pressure has fallen .

again to said minimum pressure or to an
intermediate pressure. During the times
the compressor is disconnected from ‘the
pressure conduit, the suction effect is re-
duced so as to diminish as far as possible,
the output of the compressor and the en-
ergy required for its operation. During
these times of interrupted connection, the
mption is taken from
stored in the various

the - amount of air

parts of the pressure conduit. “Owing to

the reduction of the suction effect during
the periods of interruption, according to my

method of adapting the operation of a

suré pipe, from the .

rotary comprossor to the consumption of’

air, the energy required for the operation of
the compresso+ during such periods is ma-

“terially smallsr than that- required when

working under a full load, since the energy
is almost in (i 'ect ratio to the suction effect.

It will ther:fore be understood that my
improved method of operation involves two
distinet steps or periods: dyring the first
period the -ccmpressor deliyers more - air
than required ‘or consumption -and thus the
pressure with'n the pressure conduit will
merease gradully ; during th second period
the compressor is disconnected entirely
from the.pre hat
sure in said conduit will De reduced by the

consumption, -ind furthermore during this -

second period the energy required to oper-
ate the compressor is reduced as far as pos-
sible, by diminishing the suction effect.
The delivery of air or gas is interrupted
as soon as the suction effect or suction pres-
sure has been reduced by about % of an
atmosphere. If however in carrying out my

.method the pressure at the Buction end. 1s

reduced in- the well-known mannér, by
means of a throttling device which after
disconnecting “lie compressor from the de-
livery conduit is hrought immediately into

ire conduit, so that the pres- -
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the position in which the compressor can be -

run idle witl the least éxpenditure of
energy, the pressure at the suction end may
be reduced to y5 of an atmosphere (absolute
measnre) and even less. In this case the

compressor while running idle will require

only about
power.

of the normal operating

With this mode of operation, the load on -
the compressor will vary as it is run alter- -
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nately under full load and idle, and sgeordh
g to my invention the load fluctuations:

thus arising may be minimized by closin

the throttle gr: dually until the point corre-

sponding: to the critical” output is reached,

95

and then. brirging the “thrattle  into. tle -

proper position for the 1osf economical idle-
running of the compressor. The reason for

this is found in the fact that when throt-

‘tling gradually by small amounts,. say 4.
of an atmosphere, to the point at which the .
compressor beging to vibrate or labor, ' the

100
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output may be diminished without inter-

rupting delivery from the compressor, since
owing to the reduction of the output the
compression ratio will increase notwith-
standing the relatively low pressure of the
air at the suction end. : , .

My improved method may be carried out
automatically,
seril#d operation periods to the other at
the proper time. For this purpose, a check
valve or like device is provided in the
delivery conduit and the throttle arranged
in the suction conduit is placed under the
influence of the pressure in the delivery con-
duit on one hand, and on the other hand un-
der the influence of a spring or other oppos-
ing force which acts more powerfully dur-
ing the open position of the throttle than
during its closed position. With such an
afrangement, - the existence of maximum
pressure in the delivery conduit will close
thethrottle antomatically, so as to reduce
the pressure at the suction end. Now it is

well known that in a rotary compressor, -

‘other factors remaining unchanged; the
compression ratio; that is to say, the rati
between the final pressure of the compressed
air and the pressure at the suction end, is
approximately constant. Therefore, the

' above-mentioned reduction of pressure at

the suction end. will automatically and si-
multaneously reduce the final pressure ob-
tained in the compressor, to a point where
such pressure will be below that prevailing
at the time in the delivery conduit.  Conse-
quently, air will begin to flow from the de-
livery conduit back into- the compressor,

- thus causing the check valve in the delivery
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conduit to close automatically. This dis-
connects the compressor from the delivery

conduit. The throttle is not. opened again.

until the pressure n the delivery. conduit
has fallen an amount equal to the difference
between the maximum pressure and the op-

- posing force.

Another way of reducing the pressure at

_ the suction end. according to my invention

50

consists in utilizing' the excess of air. For
this purpose, after the pressure within the

- delivery conduit has risen above the mini-

mum pressure, a portion of the air- delivered
by the compressor is.thrown by an injector

=, or like apparatus against the air which is .
55

on its way to the compressor, and after the
compressor has been. disconnected from the

* delivery conduit, the entire. amount of air

80

delivered is thus directed against the suc-

tion current. When a check valve is pro- .
~vided in the delivery conduit, the returning

. of. a portion of the air from the delivery

45

end. to ‘the suction end, as indieated, will’

reduce the pressure at the suction end sulfi-
ciently to cause an automatic closing of said
valve so as to disconnect the compressor

that is to say; with an auto-
matic .change from one of the above-de-_

1,216,119

from the delivery conduit. When at a later
stage the entire amount of air is returned
to the suction end, as described, a further
material reduction of pressure tales place
at, the suction end and in the compressor,
up to the check valve, thus again reducing
the power required for operating the com-
pressor during the time 1t is disconnected
from the delivery conduit. In this mode of
carrying out my invention. the regulation
may be controlled not only by the pressure
prevailing ‘in the delivery conduit but by
the output. of the compressor. TFurther-
miore, since the air returned from the pres-
sure end of the compressor to the suction
end is warm so that warm air is supplied
to the compressor, the friction at the rotors
of the compressor is diminished, this result-
ing in a further reduction of the power re-
quired to run the compressor during the
time it is disconnected from the delivery

- conduit. : .

- Tt is difficult to obtain as considerable a
reduction of the pressure at the suction end
when employing only the above-indicated
injector action as with a throttling arrange-
ment in the suction conduit. If therefore it
is desired to secure .the advantages of the

" injector action and at the same time to ob-

tain a .great reduction of pressure at the
suction end, it is advisable to use both de-
vices jointly, that is, the injector and the
throttle. ’

In the foregoing 1 have assumed a con-
struction in which the disconnection of the
compressor from the delivery conduit is the
result of the reduction of pressure at the
suction end, which canses a check valve to
close. ' Tt will be understood, however, that
the disconnection may be effected in any
other suitable manner, as for instance, by
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the manual closing of a valve or cut-off -

‘slide, or by means of an auxiliary motor .

entering into action when the maximum -

pressure is attained. After the connection

“has been interrupted at the delivery end, the

pressure may be reduced at the suction end
5o as to reduce the power required for op-
erating the compressor. :

The novel features of my invention are
defined in the appender claims. -

Seven typical examples of compressors
embodying my invention are illustrated in
the accompanyving drawings, in which Fig-
urce 1'is an elevation, with parts in section,

_showing. in diagrammatic fashion an ar-

rangement in which the pressure of the com-

pressed fluid is utilized to govern the oper-

ation automatically; Fig. 2 is a fragmentary

_sectional view illistrating a regulator con-

strietion differing slightly from that shown
in Mg, 1: Figs: 3 and 4 are sectional views

representing two further constructions ot

regulators; Fig. 5 illustrates diagrammati-
cally a form of my invention 11 which the
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compressed fluid is returned to the suction

“end; Fig. 6 shows diagrammatically a struc-

ture combining the features of Figs.' 1 and
5; and Fig. 7 18 a diagrammatic representa-
tion of a structure (omhmlno the features of
Figs. 1, 3, and 5.

A(,cordmg to the' construction shown in

- Fig. 1, the rotary compressor 2 (of any suit-

10

15

- 20

25

,able ty e), driven by a suitable motor 1, re-

ceives 1ts supply of air or other fluid to be
compressed, t rough the suction pipe 3 and
delivers such fluid in a compressed condi-
tion through the outlet 15 into the delivery
conduit 4 from which the compressed air is
led or distributed to the place of consump-
tion. In.the suction pipe 3 is located a

throttle valve 5 pivoted to the pipe by means.

of a rock shaft ... Upon this shaft is'secured
an arm 7 connected by a link 18 with the rod
8 of a piston 10 movable in the cylinder 9.
‘A pipe-12 connects the upper end. of the

cylinder 9-with the delivery conduit 4, so
t at the piston 10 is exposed on one side to
the air pressure prevailing at that time in
the delivery conduit.
stituted in the present case by the tension
of a coiled spring 11, acts ag(unst the other
side of the piston and therefore in opposi-

~tion to_the pressure exerted on the upper
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face - of the piston. The tension of the
spring is preferably adjustable, as by pro-

.viding a screw connection between the pis-

ton 10 and its rod 8.

A suitable check device, such as a check
valve 14, is interposed. between the outlet 15
and the (lellvely congnit. 4.

The tension of the spring 11 is adjusted
to.a point where it will balance the air pres-
sure exerted against-the-.upper face of the
piston 10 when the consumption of air and
the. output of the cormpressor are normal,
In this case the throttle valve 5 is in the
open position indicatéed by solid lines.

When the consumption of air is smaller

. than the normal output of the compressor

2, the latter forces into the delivery conduit
4 a greater amount of uir than-¥€used. - The
resulting clogging causes the pressure in the
delivery conduit 4 (including-
connected theréw 1th) to rise dbove the nor-
mal pressure. This in farn will gradually
force "down the piston 10 and move. the
throttle valve
cross section of the suction pipe 3.. Under
these conditions, the output of the com-
pressor is diminished slightly, so that such
output will adjust itself to a diminished ton-
sumption, provided the decrease is slight.

to about # of the. mormal outpnt. When
the output has fallen to the critical point,
the throttle 5 will'be:in the intermediate po-

sition indicated by the dotted line in Fig. 1.

When however the -consumption of air

‘the piping

5 s0 as to reduce ‘the- ‘effective.

A suitable force, con-

‘This will continue until the so-called critical |
_output is reached, which as a rule amounts

falls below the critical output, the continued
increase of pressure in the delivery conduit
4 will cause the throttle valve 5 to:assume

the extreme po; ition indicated by the dot-.

and-dash line. This position reduces the
pressure at the suction end by about 4 of
an atmosphere, and the pressure at the out-
let 15 of the coripressor will fall below that
prevailing in. she  delivery conduif. The
check valve 14 vill therefore close automati-
cally, interrupting the communication’ be-

70
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tween the compressor and the delivery con-.

duit 4. The r:duced amount of air then.

still delivered Ly the compressor is allowed
to escape throuyh an outlet A.
While the corapressor is cut off f10m the

delivery condut, the compressed air re-

quired at the plices.of consumption is taken
from the amour t stored or contained in the
delivery condut 4, so that the pressure
within said conduit is reduced. When the
reduction has proceeded to an extent corre-
sponding to the friction of the piston 10 in
the cylinder 9 and to the- friction at the
pwot joints of she connections 7, 13, 8, the
spring 11 will restore the piston 10 and the
throttle valve 5 to the intermediate position
indicated by dctted lines. The comipressor
10 will then operate with about } of the nor-
mal output, the increasing pressure at the

‘outlet 15 will open the check valve 14, where-

upon a further increase in the pressure of
the air now pissing through t}'xe pipe 12
will force the yiston 10 downward, These
operations or periods of operation will be

goes above or
above.

In this form of my invention, the oppos-
ing force constituted by the tension' of the

.spring 11 is equal to the rhaximium pressure,

minus the friciion occyrring between the
piston and the cylinder and at the pivot
joints. Therefcre, the smaller this friction,
the smaller will be the difference between
the maximum pressure and the intermediate
pressure corresponding to the critical out-
put, and conseq;tently, the more nearly con-
stant will the air pressure be in the delivery

“conduit 4. T¢ will therefore be understood

g0
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repeated antom:tically as often as pressure =
elow the hmlts mentioned
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that with an ar angement such as described -

above the air gressure in the delivery con-
duitmay be kept dlmost absolutely constant.

Instead of T¢ durlng the presauze at the .

in the suction ¢ )ndmt the same result may
be obtained, of course, by throttling the air
current at somc other suitable place. For
msmnce, with a multi-stage COMpressor
(this being a well-known type of rotary
(,omplessor) thi: air current may be throf-
tled at any on: of the compressor stages
or. simultaneously at a plura lty of stages.
The other parts or stages of the compressor
will contmue tieir normal operation even

126 -
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‘4 (the spring 18

a .

-while. some of the parts or stages are sub-

jected to the throttling action.

When it is desired to increase the sensi-
tiveness of the regnlator, this may be ac-

complished by means of a relay provided.

with a governing connection, an example of
such an arrangement being shown in Fig.
9." The parts 1, 2, 4,14, 15 not represented

in Fig. 2, and their connections with the

pipes 3, 12, are to be the same as in-Fig. 1.
The pipe 12 leads to a cylinder 16 in which
is arrangéd a piston 17 subjected on one
gide to the pressure prevailing in the de-
livery conduit 4 and in the pipe 12 con-
nected thervewith, and on the other side to
the opposing action of a spring 18, the ten-
sion of which may be adjusted. The piston
rod 19 is connected by a transverse lever
90 with the rod 21 of a piston 22 arranged
to move in a cylinder 23. The rod 21 ex-
tends entirely through the cylinder 23, and
is pivotally connected at its lower end with
the link 13, the said link, together with the
arm 7, rock shaft 6 and throttle valve 5
being of the same _construction as described
with reference to Fig. 1.

The opposite ends of the cylinder 23 are

connected with pipes 24, 25 respectively by
means of which a suitable medium under
pressure may be conveyed to one end of
the evlinder and from the other end. Com-
pressed air from. the pressure chamber of
be utilized for this pur-
pose. ) '
In order
lay piston 22 and of the throttle 5 may cor-
respond to each particular position of the
piston 17, a governing connection has been
provided. In the particular instance shown
in Fie. 2, the lever 20 is pivotally connected,
between the points at which it 1s connected
with the piston rods 19, 21 respectively,
with a slide valve rod 26 carrying two con-
nected piston valves 28, 29 contained in a
valve chest 27. This chest is connected be-
tween the valves 28, 29, with a _pipe 30 for
the sipply of the medium under pressure
(for instance, compressed air from the com-
pressor).
ing 27 are provided ontlet pipes 31 and 32
respectively, the distance between the out-
lets bLeing greater than that between the
valves 28, 29. The pipes 24, 25 are connect-
ed with the chest 27 at points the same dis-
tanee apart as the valves 28, 29, :
In the central position the slide valves
28, 29 cover the orifices of the pipes 24, 2
respectively,
sure supplied through the pipe 80 cannot
reach the cylinder 23. It however the pis-
ton 17 is moved npward owing to an in-
crease of pressure in the delivery conduit

same time), the lever 20 will swing or rock

about its connection with the piston rod 21,

that a definite position of the re--

At the ends of the chest or cas-

o that the medium under pres- .

being compressed at the

1,216,119

raise the slide valves 28, 29, so that the

medinm under pressure will pass from the
supply pipe 30 through the valve chest 27

to the pipe 24 .and to the upper end of the .,

cylinder 23. At the same time, the chamber
below the piston 22 will be placed in com-
munication with the outlet pipe 32, by
means of the pipe 25 and the lower portion
of the valve chest 27.

The piston 22 being forced downward by
the pressure of the medium admitted at the
top of the cylinder 23, the air or other me-
dium_contained in the cylinder below the
cylinder will be expelled through the pipe
39, At the same time, since now the piston
17 may be considered stationary, the lever
90 will swing about its left-hand end {(that
is to say, aboit the pivot connecting it with
the piston rod 19). This movement will
raise the slide valves 28, 29 to their initial
central position in which they cover the
ports of the pipes 24,
Tock the piston 22, by
of fluid contained above and below the pis-
ton respectively. When the piston 17 there-
upon moves down under the influence of the
spring 18 owing to a reduction of pressure
in the delivery conduit 4 and in the pipe 12,

similar operations will be performed. That ¢

is to say, the lever 20 will swing down about
its right-hand end as a fuleram, thus shift-
ing the valves 28, 29 so as to admit com-
pressed fluid from the pipe 30 under the

piston 22 through the pipe 25, and to allow 4

fluid to escape from above the piston 22
through the pipes 24, 31. This will cause
the piston 22 to move upward so that the
lever 20 will swing about its left-hund end
as a fulerum, restoring the valves 28, 29 to
the positien shown'in IFig. 2. , .
In its general features, the operation of
the apparatus shown in Fig. 2 is the same
as that of the arrangement shown in Fig. L.
As long as the consumption. of air equals
the output of the compressor, the several

parts of the regulator remain in the posi--

tion indicated by solid lines.  When
sumption diminishes, the throttle 5 will
closed gradually, and when the output has
been rediiced to about # ;
value,

cated by dotted lines:

indicated by dot-and-dash lines, in which
the check valve 14 closes to disconnect the
compressor 2 from the delivery c¢onduit 4

-1If, after a certain maxinm pressure has
been exceeded, the throttle 5 is brought im-
mediately into ‘the extreme {substantially
closed) position .corresponding to the idle
running of the compressor, so
sure at

25 and thus hold or- .
confining the bodies .

since the piston 22 cannot move. This will -

I
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105
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113

of its normal,
the throttle 5 and connected parts’
will be in the intermedinte position-indi-.
Should the eonsump-
tion decrease still further, the pavts of the
regulator will assume the extreme position:

124

125

that the press
the suction end is reduced 4o gy 30
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of an atmosphere (absolutey or- less, thiss In order to avoid the load fluctuations to

- will effect a material further diminution of

the power required (fo operate the com-
pressor during the time it is disconnected
from the delivery conduit. Atcording to

‘the example shown in Fig. 3, the pipe 12

(leading from the delivery conduit 4) is

- connected with the upper end of a cylinder

10

33,50 that the pressure prevailing in the
delivery conduit will act on-the upper sur-
face of a piston 34. The piston rod 35 is
provided with a pin 36 pivotally connected

'with the link 13- which is connected with the

15

throttle 5 in the same manner as described
before. The pin 36 further passes into a

~slot 37 provided in the arm 38 of a lever ful-

crumed at 40 upon a bracket 39. 'The other

- arm 41 of this lever carries a weight 42,

20
;25
30
- “85.

40

~whith for instance may be adjustable along

ant arc 43 and Secired after adjustment, say
by medns »f a set screw. ,

The weight 42 is adjusted to such a posi-
tion. that at a predetermined maximum pres-
suré the effect or moment of the weight
(weight multiplied by horizontal projection
of its radius from the fulerum 40) will bal-

‘ance the pressure exerted on the upper sur-

face of th: piston 84. In this case the throt-
tle 5 will be in the open position indicated
by solid line., so that the compressor will
operate with a mormal output and produce
an increasé of pressure in the delivery con-
duit 4. )

_ When this maximum pressure is exceeded
(as.in the event of a reduced consumption)
the piston 34 will be forced down until the
pin 36 reaches the outer end of the slot 37
and thus brings the .throttle 5 and other
parts into the nearly closed position indi-

‘cated by ‘the dot-and-dash lines, which cor-

. responds to the idle running of the com-

pressor.. In this position the rocking of the
Iever 38, 41° has brought the weight 42

. ‘nearer to the vertical plane passing through

the fulcrum 40 so that the effective lever-

“age. of said weight, that is to say, the hori-

B0

"'B5

zontal. .projection of its distance or radius
from the fulerum 40, has been reduced, so
that the effective moment of the weight has

become: smaller than the.fluid pressure act-'
. 'ing on the piston 34 when the latter is.in
_its upper . position.
closing of the throttle causes the compressor

Since the substantial

to be disconnected from the delivery con-
duit” {by the action of the. check valve 14),
the pressure will fall in the delivery con-
duit 4 and in the pipe 12, but the weight 42

* will be unable to. bring the piston 34 back

.80

¥ ‘w-'i_th_in' wide limits.

_to its upper position until the reduction of .

pressure in said delivery conduit corre-

sponds to’ the automatic reduction in the

N

effoctive leverage of the weight, 42. _
By adjusting the weight 42 along the arc
43 the minimum pressure may be varied

which the motor 1 is subjected by the sudden
increase-and decrease of the load on the com-
pressor 2, I inay emiploy an arrangement
such as shown in Fig. 4. Here the output is
at first reduced gradually, as in the construc-
tions illustrated by Figs. 1 and 2, until the
critical output is reached, and  then the

70

throttle 5 is brought into the approximately -

closed positior which corresponds to the idle
running of ths compressor. The pipe 12 is
connected with the cylinder 44 having a hol-

75

low extension 45 at its upper -head. A -

double piston is employed, composed of a
large piston 43 in the cylinder 44, and of a
small piston -17-in the extension 45. The
annular uppe: surface of the piston 46 is
exposed to the pressure prevailing in the de-
hvery conduit and in the pipe 12; a coiled
spring 48 prerses against the lower surface
of the piston 16. The space below the said
piston 1s oper to.the surrounding air, and
the piston has a pivotal connection with a
rod 49, pivota ly connected at its lower end
with the arm 7 on the rock shaft 6 -of the

throttle valve 5. When this valve is open,

“the piston is in its upper position, slightly
_below the por: connected with the pipe 12.

At a point slightly above the position of the
piston 46 when the throttle 5 1s in the inter-

mediate position corresponding to the criti-.

cal output, a pipe 50 leads from the cylinder

44 to a point >f the extension 45 above the

piston 47. A ‘ -
The tension of the spring 48 is so adjust-

ance the mininum pressure exerted on the
annular uppe: surface of the. piston 46.
‘When the con:umption of air deéreases, the
resultin )
ery conduit a1d in the pipe 12.-will force
th piston 46 cown gradually and shift the

throttle 5 so as: to decrease the output of the -

compressor. Vhen the critical output is

80

83

90

96

100
-ed. in any sutable manner that with the
-throttle 5 open the spring tension ‘will bal-

105

incriase of pressure in-the deliv-

110

reached (with the throttle 5 in the position' L
indicated by the dotted line) the piston-46 -

will-be below the lower end of the pipe 50. .
- 50, that the latter will be in communication: .
with the pipe 12. The pressure in this lat--

16 -

ter pipe will therefore also prevail in ‘the
chamber of the extension 45 above the pis- ' -
ton 47. On account of the incréased total.

pressure tending to force the piston 46 down,
the spring. 48 will be compressed strongly,

and the throttle 5 will be brought into the

extreme, nearly closed position mdicated by
the dot-and-dash line, which position corre-

sponds' to the idle runmning of the  com-

Pressor.

" When the c)mpressor is cut off from the’

120
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delivery conduit 4, the pressure in the latter
will £4ll, but 1he spring 48 will not be-able .

to return the compound piston 46, 47 to
its’ yppermost position ‘until the pressure

136
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has been reduced by an amount correspond-
ing to the pressure exerted against the ef-
fective surface of the small piston 47 Thus
when the minimum pressure is restored. the
compressor will be connected again with the

delivery conduit,

By properly selecting the effective area of

‘the small piston 47 the difference between

maximum and minimum pressure may be in-
creased or decreased within wide limits. .-
The construction shown in Figs. 1 and 2
may ‘also be made to operate in the same
manner as the device shown in Fig. 4, if in-

stead of the -sprihgs 11 and 16 respectively.
I employ.double springs, that is to say, two

springs one of which (like the springs 11

" and 16) engages the piston and the cylinder

20

head at all times while the other comes into
action only after a certain travel of the

-piston;.the first part of the travel of the

. piston will therefore compress only one of
- thie springs and adjust the throttle 5 to its

35

intérmediate position, without interrupting
the connection hetween the compressor and
the-delivery econduit, while the further travel
will Zompress both springs and bring the

thiottle 5 to. the extreme position, in which

-“the check valve disconnects thie delivery con-

. %0

A 1]

duit 4 from the compressor 2.- :
in Figs. 3 and 4 can’'be increased by using
in connection therewith a relay. of the same
character .as shown in Fig. 2.- That is to
sdy, in one case the piston 34 of Fig. 3 with
its rod 35 and pin 86, cylinder 33 and

“weighted lever arrangement 37, 88, 39, 40,

11, 42, 43 will take the place of the parts 16,

- 17 and 18 of Fig. 2, the other parts of Fig.

©

46

2 remaining unaltered, with the lever 20

pivoted in this case to :the piston rod 35.
In the other case the cylinder 44, 45, double
piston 46, 47, spring. 48 and connection 5u
would be substituted for. the parts 16, 17,

.18 of Fig. 2, the -other.parts of Fig. 2 re-

maining unaltered, with the left-hand end
of the lever 20 pivoted to the rod of the com-

~* pound piston 46, 47,

.50

‘the exeéss o

In_the form of my invention illustrated
by Fig. 5, the reduction’of the pressure at
the suction end, required to carry out my
method of 0})erati on, is obtained by utilizing

air delivered by the compressor.
From. the outlet-15* of the compwessor 2

- a pipe 51 leads to an .injector or rather

55
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ejector 52, indicated in  diagrammatic

fashion, said ejector being so  dispoesed

within the suction pipe 8 that the current of
air issuing from the ejector nozzles will be

livected against the current of air flowing
to -the compressor.

' A shut-off valve 53 or
equivalent device 1s provided at a suitable

point of the pipe 51. Furthermore, a check -

valve 14° is interposed between the delivery

conduit 4* and the point at which the pipe

51 is branched off fiom the outlet 15%, -

The sensitiveness of the regulators shown.

.trated by Fig. 6 combines

1,216,119

When the consumption of air is consider-
ably below normal, the compressor is oper-
ated with the valve 53 closed, until the pres-
sure in the delivery conduit 4* hds attained
a predetermined value. Then the valve 53
is opened to such an extent that the -ekcess
of air over that required for consumption

will flow through the pipe 51 to the ejector .

§2. "The air current discharged at the.noz-
zles in opposition to the main- air current,

as indicated by arrows, will reduce the pres- -
sure at the suction end to such an’ extent -

that the pressure at the outlet 15* will fall

-below the pressure prevailing in the delivery

conduit 4%, so that the check valve 14* will
close automatically and disconnect the com-

80

pressor 2 from the delivery conduit 4=

Thereupon the valve 53 is openell . fully,
causing the entire amount of air delivered
by the compressor 2 to be returned to the
suction pipe 3 through the pipe 51 and ejec-
tor 52, and to be discharged against the cur-
rent of-air flowing to the ¢ompressor. The
strength of the opposing current issuing,
from the ejector nozzles being .thus in-
creased, the pressure at the outlet 15® is re-
duced to'a minimum depending on the par-

‘ticular conditions of each individual case.

In this form of my invention also, the air
required for consumption during the time
that the delivery conduit is disconnected
from the . compressor, is taken from .the

amount stored in the said conduit, includ- - -

‘ing ‘the distributing pipes; this will cause
the pressure to fall in said conduit and as-

100 .

soon as it equals the pressure in the outlet .- =

15%, the check valve 14* will opens There-

upon the valve 53 is closed and the opera- -
tion is repeated in the same manner when- .-

ever the consumption falls gonsiderably bex’

low the normal output of the compressor:
It is advantageous to usé the method of.

operation described with reference to Fig:.

5,in conjunction with the méthod. employed

according to Figs. 1 to.4 inclusive, that is to

say, the pressure at the suction gnd would.

be Teduced by means .sucli. as the throttle

110

valve 5 shown in Figs. 1 to 4, and in addi-
tion.- to this, the dir delivered. by the. com-.

“ pressor- after it has been cut off from the.

11§ -

delivery conduit, would be returned.to the.

suction pipe, and discharged into the.same

in the direction contrary to -the flow of the - -

pressor during.the time it is disconneetod
from the delivery conduit, will be.reduced:
to a minimum.

Figs. 1 and. 5, and ‘the stiucture shown in

-air on its way tp the compressor. In this -
'manner the power requiréd to run the com

126

Thus, the structure. illus-.
. the. features of .~

125

Fig,/7 is ‘a- combination -of. the: features . -
shown in Figs. 1, 8, and 5, that is to say, the
construction of Fig. 7 differs from that.of .

Fig. 6 chiefly by the'fact that Fig. 7-employs

the weighted-lever resistance 41, 42; 48; of

¢

,.:1."30__ .
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Fig. 8 in lieu of the resistance-spring 11 of
fig, 1.

In the examples described above, it has
been assumed that the reduction of pressure
at the suction end takes place in the initial
suction pipe of the compressor, that is, be-
fore the air reaches the first rofor, of the
compressor. - My invention. is  however
capable of a broader application. Thus the

reduction of the pressure-at the suction end

may occur at some Intermediate point so
that it will not affect the entire compressor.
For instance, in the case of a compressor
constructed with two msings or sections, one
of them a low-pressure section and the other
a high-pressure section, the reduction of
pressure at the suction end may, if desired,
Le effected only between the two sections or
stages, that is to say, imme iately before the
air passes to the high-pressurve section or
stage. This is u,lvanta,'w)ub in sonue cases,
as when the compressor is used to supply air
of different pressures at the same time; air
of a low pressure would be delivered from

pomt between the two compressor sections,
and air of a higher pressure from the outlet
of the high-pressure section. With my in-
vention apphed to a multi-stage compressor
of this character, the high- -pressure section
could be disconnected from its delivery con-
duit at times, as described, while the low-
pressure. section would always operate to de-
liver its normal output.

These modifications and others may be
made without departing from the nature of
my invention as set forth in the appended
claims.

I claim:

- 1. The method of operating compressors,
and particularly rotary compressors, which
consists in disconnecting  the compressor
from the delivery. conduit when owing to

- reduced consumption the pressare in. Said

conduit rises above the allowable minimum
pressure, reducing the pressure at the suce-
tion end during-the time of such dis
nection, so. as ‘to diminish

quired to run the compressor at such time,

and . reéstablishing the connection between
the compressor dud the delivery conduit
after the pressurein said conduit has fallen
to a predetermined point.

9. The method of operating compressors,

and particalarly rotary compressors, which
consists in utilizing the increase of pressure
which ocetts at the delivery end of the com-
pressor owing to reduced consumption, to
reduce the pressure at the suction end and
in -consequence of such reduction to inter-
rupt antomatically the counection from the
compressor to the. place of consumption.

8. The method of operating compressors,
and particularly votary -compressors, in the
event of an irregalar consumption, which

(,unslsts in Jt-duclng ihe })T‘L,mlu‘b ab the suC-

tion end gradually v ntll the cmtm‘ll output
1s attained and then further reducing such
pressure to the point corresponding to the
idle running of the compressor and at. the
same tilme Interrupt ng the connection’ be-
tween the compresso and the p]ace of con-
sumpt]on.

The method of opemtmg €OMPTressors,
zmd particularly rotary compressors com-
prising a plurality of sections or stages,
which consists in disconnecting the com-.
pressor frow the place of mnbumptmn when
owing to reduced consumption the pressure
yises at such place, réducing the suction

Ppressure in a portirn of the COmMpressor

during the time of disconnection, and re-
establishing the conniction between the com-

pressor and the plac: of consumption after’

the pressure at.the plice of consumption hag
fallefi to a predeteriainéd point, the other
portion of the comoressor umt;mmng to
operate regularly.

5. In connection with a rotary compressor,
a check valve arrang:d in the delivery con-
duit, a throttle locat:d in the suction con-
duit and  means wlereby - the, throttle is
placed under the inflience, on the one hand,
of the pressure previiling in said dellver_{
conduit, and on the orher hn ud, of an oppos-
ing force which is sm dler in the closed posi-
tion of the throttle than in its open position.

6. In connection wish a rotary compressor,
a device connected w th the dehvery end. of
the compressor. and nrranged, in the event
of reduced consumption, to discharge fluid
under pressufe into tae suction condmt ina
direction contrary to that of the main cur-
rent of fluid therein, to reduce the pressure
prevailing in said suction conduit.

7. In connection wish a rotary compressor,
a device connected w:th the delivery end of
the compressor and :nrranged, in the event
of reduced consumpt.on, to discharge fluid
under pressure into. tle suction conduit in a
direction contrary to that of the main cur-.
rent of fluid therein, to reduce the pressure
prevailing in said suction conduit, means for
shutting off the connection of the said de-
vice with the deli ery end of the compressor,
and a check valve located in the delivery
conduit at a point firther away from. the
compressor than the connection leading to
the said device. -

8. In connection wi h a rotary compressor,
a device connected wi th the delivery end of
the compressor and :rranged, in the event
of reduced consumpt; 011, to (llsch'lrge fluid
under pressure into the suction eonduit in a
direction contrary to that of the main cur-
rent of fluid thm-om, to reduce-the pressure
prevailingin said suetion conduit, and a
throttle -Jocated in tle suction conduit, to
asgist in reducing the “pressure in said con-
d nt o ) ;
0. In eonnection with a rotary compressor,
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a throttle located in the suction conduit, a . In testimony whereof I have si'gned this
piston operatively connected with said = specification in the presence of two sub-
throttle, a spring exerting pressure on said - scribing witnesses. - ‘

piston in one direction, and means for caus- - ADOLF HINZ.
-5 ing the pressure prevailing in the delivery Witnesses: )
duit of the compressor to act on the pis- JEAN. GRUND,

ton'in opposition to said spring. Carn Grunp,




