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My invention relates to rotary blowers and

. pumps.-
More particularly, my invention relates to
rotary blowers and pumps taking at the suc-
5 tion side air, gases, or liquids, either singly
or as mixtures, and which deliver against a
desired differential pressure with improved
- pressure regulation at any operating speed,
with variable capacity when operating at any
10 constant speed and with improved efficiency.
. According to the prior act, the principal
advantages of machines or rotary blowers
and pumps of that type in which there are
two parallel shafts carrying mating lobed
* 15 impellers in a cylinder, are that the capacity
" . per revolution is constant after the losses due

to slip at the various operating pressures

have been deducted ; that the total net capa-
city is large; and that no lubrication within
- 20 the cylinder is required and therefore de-
livering a product which is unpolluted by oil.
The disadvantages of these prior types are
that the efficient compression range is limited

~%o small differential pressures due to the fact

- 25 that a compression of air, or the fluid or
other medium being compressed, what is
“termed instantaneous compression, is
brought about by the return flow of the me-
dium from the delivery line at the delivery

. 30 line pressure back into the cylinders of the
unit. Such réturn flow produces a hammer
blow on the impellers immediately upon the
impellers making a communication between

~ the delivery line and the compartment in-

35 the impeller cylinder containing the medium
to.be compressed for delivery, thus causing
a periodic momentary tendency to reverse the
direction of rotation of the impellers and re-
sulting in the uneven wearing of the oper-
40 ating andtiming gears, and: giving rise to

continuously increasing noise of the gears,

> and finally effecting -incidental damages re-
sulting from the improper timing of the im-
pellers'and causing them to strike and wear,

45 accompanied by decreased efficiency due to’

- er slip ‘or leakage from the deliver

the larger clearances and consequently grqt:.it-
side
back to the suction side, heating at the suc-
tion with relatively high temperature at the
delivery pressure, heating up of the machine, go
reduction in the net capacity of the machine, -

‘and other mechanical disturbarces due to the

expansion of some parts more than others
due to the progressively increasing tempera.- 4
ture of the medium at the suction side and #8
within the machine. o

In machines of the prior type employing
instantaneous compression, the full differen-
tial pressure is continuously across the ma-
chine which gives rise to a substantial slip, eo
or leakage from the high pressure side to
the low pressure side of the machine, result-
ing in reduced volumetric efficiency, loss of
capacity -and réduced overall efficiency.
When operated at constant speed and with es
constant differential pressure, the delivered
capacity of machines of the prior type may
only be varied by wasting the unwanted com-
pressed air by relievin%1 it into the atmos-
phere, or by expanding the excess compressed - 70
gas from the delivery side of the machine back

“to the suction side of the machine through a
“throttling valve controlled by a diaphragm

pressure regulator or the like, causing heat-
Ing at the suction side and saving no power 75
as compared with that required when the
machine is operated at full delivered capac-
ity. : : ’
}:&ccording to my invention, I employ ro-
tary machines of any type, but preferably of 8o
that type having two parallel shafts carrying -
mating lobed impellers in a cylinder, com-
prising variable capacity means by what is
termed unloading during periods when more
of the compressed medium is delivered than 85
is wanted or needed to maintain a substan-
tially constant delivery pressure. Means are

‘also provided for checking and preventing

the escape or expansion of the compressed
medium from the delivery pipe into the suc- o0
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tion side of the machine, means for intercon-
necting and disconnecting the suction and

. delivery sides of the machine prior to the

10

delivery pipe so that only periodically, or
continually as needed, the medium is being
compressed and delivered against the de-
livery pressure. When unloaded, the medium
is not compressed at all but is merely circu-
lated through the machine and back to the
suction side at the suction pressure, there-
fore requiring no work and thus increasing
the efficiency and reducing the total power re-

" quired by the machine in proportion to the
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time unloaded and the time of periodically
compressing the delivering.

To further improve the volumetric effi-
ciency, to improve the efficiency of compres-
sion, to produce smooth operation at high
speeds, and for the purpose of expanding the
commercial uses for machines of the rotary
type, I provide means for producing substan-
tially gradual or adiabatic compression which
eliminates the popping back into the machine
and the other disadvantages incidental to in-
stantaneous compression and which makes
machines adapted for efficient operation at
relatively high differential pressures. Ac-
cording to my invention, the compressed me-
dium 1s held in the delivery pipe after it is
delivered and is precluded from rushing back
into the machine; furthermore, the full de-
livery pressure is attained by gradually in-
creasing compression within the cylinder and
the full delivery pressure is impressed upon
the compressing elements of the machine only
during a relatively short portion of each cycle
from the suction side to the delivery side,

thereby reducing the slip or leakage through-

the machine, as this is a function of the dif-
ferential pressure and time. According to
my invention machines are provided which
arenot only well adapted, but highly efficient,
when used.as vacuum pumps or as gas boost-
ers operating with relatively high differential
and high ratio of compression.

Though many new and useful applications
of my invention will be perceived by those
skilled in the art, my invention is especially
useful and advantageous to the manufactured
gas industry. One application of my inven-
tion is in the pumping of manufactured gas
at variable rates to supply the fluctuating
demands of various communities, utilizing
as motors for driving these gas pumps, elec-
tric motors of the standard constant speed
squirrel cage induction type. Motors of this
type are especially valuable in that they do
not cause gparking, and therefore the danger

- of explosions is eliminated. By the use of

directly connected motor driven gas pumps
operated at constant speed, the capacity may
be varied to suit the needs, much power is
saved, and should the electric power supply
suddenly fail, a reverse flow of the gas is pre-
vented and the gas pumps are protected from
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being rotated in the reverse direction as gas
motors at excessively high speeds.

The accompanying drawings show certain
representative embodiments of my inven-
tion. The principles may be applied to com-

70

pressors, blowers and pumps of types differ- -

ing from the specific type illustrated and
variations may be made without departing
from the principles of the invention, as com-
prehended in the scope of the appended
claims. .

Fig. 1 is a diagram of three compression
cycles. '

Fig. 2 is a vertical central section of Fig. 3,
illustrating a simplified form of my inven-
tion.

Fig. 2a is a sectional elevation on line
20—2a of Fig. 2.

Fig. 8 is a side elevation of Fig. 2.

Fig. 4 is a vertical central sectional eleva-
tion of a complete assembly, embodying my
invention.

Referring to Fig. 1, the diagram, abed, rep-
resents a pressure volume cycle of the ideal
adiabatic character as will be understood by
those skilled in the art. The diagram,
abegfed, represents a pressure volume cycle
of the instantaneous compression character
and which is the cycle which characterizes the
operation of positive pressure lobed impeller
type of unit as constructed according to the
prior art. The diagram, abefed represents
a pressure volume cycle of approximate adi-
abatic form and which is the compression
cycle obtained when operating machines ac-
cording to my invention. It will be under-
stood that when pumping liquids which are
devoid of compressible gases, the pressure
volume representation will be of the rectangu-
Iar form with qualification, as will be under-
stood. It is also understood that the effi-
ciencies of the respective cycles, and also the
power input of machines operating on these
respective cycles, are in proportion to the
areas of the respective compression cycles.

In the adiabatic cycle, abed, the period of
gradual compression takes place under the
portion of the diagram represented by the
curved line, d¢, and the period or relative
length of time during which delivery occurs
against the delivery pressure is represented
by the length of the line, cd.

In the positive pressure instantaneous com-
pression cycle, abegfed, compression is in-
stantly effected by the rushing back of the
gas from the delivery side at the delivery or
discharge pressure, into the compression com-
partments of the machine, as is represented by
the line, beg, of the diagram, abegfed. The
relative length of time at which the delivery
pressure is across the machine, and the time
during which slip, or leakage due to the full
differential pressure occurs, is represented by
the length of the line, gfcd, of the diagram,
abegfed. ‘ S
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According to my invention, when com-
pressing gas free from condensed liquid, there

may be a slight instantaneous compression.

- caused by the popping over of the compressed
5 gas. left in the compression compartment,
after delivery into the discharge has ceased,
into the compartment on the suction side of
the machine filled with gas at inlet pressure,

" thus slightly increasing the pressure of the.

10 mixture above the inlet pressure as repre-
sented by the line, pe, of the diagram, abefed,
thus producing an effect somewhat similar to
supercharging a compressor at its suction
side. Adiabatic compression will then take
place under the line, ef, and gradually in-
creasing the pressure, followed by delivery
* against the discharge pressure, and for a du-
~ ration of time represented by the length of the
line, fed, of the diagram, abefed. It will
20 be understood that when a considerable
quantity of condensed liquid is present in the
gas, as when handling mixtures of gas and
liquor such as is encountered in the opera-
tion of filter presses and the like, enough of
the liquor will continuously remain in the
machine over the impellers to seal them
against leakage.and to cause whatever gas is
present in the mixture to be compressed sole--
ly according to the adiabatic compression
cycle, thus improving the power consumption
and the efficiency of these machines consider-
ably when compared with machines of the
- prior art types. e
~ When complete unloading is effected as
provided for in my inyention, machines of
~any type will merely continuously circulate
gas at the suction pressure, or liquid in any
proportien, from the suction side of the ma-
chine through the machine and its discharge
chamber back to the suction side, and such
cycle is repeated during ‘the time when so
unloaded; such cycle is represented by the
line, @b, of the three superimposed cycles rep-
resented by the diagrams of Fig. 1. N
Referring to Fig. 2, the impellers 1, 2,
shown in cross section, are mounted upon
their respective shafts 8, 4. The impellers
may be made according to any curved form
such as the involute, the cycloidal, or other
curves which make their lobes interengage
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mesh and mate in their various angular rela-

tionships with each other when rotated in
opposite directions on parallel shafts, with-

_ out contact between the impellers or with the ‘

55 surrounding casing, but with relatively small

clearances. Though the impellers 1, 2 are
preferably shrunk onto the shafts 3; 4 the
keys 5, 6 may be employed to insure rigid re-
lationship between the respective impellers
and shafts. The casing comprises two heads
at the respective ends of the cylinder. The
cylinder may be made solid, or may be di-
vided into halves, split horizontally along the
‘lines 7, 8, thus making the cylinder quarter
65 sections 9, 10, 11,

60

12, which are given rigidity

3

by the ribs 13, 14, 15, 16, respectively. The ar-
row 19 shows the direction of rotation of the

impeller 1 and the arrow 20 shows the direc-

tion of rotation of the impeller 2. The line -

21 of the cylinder section 9, and the line 22

of the cylinder section 11 shows the lines at
which the impellers 1, 2 close the suction side

70

of the medium to be handled. The line 23 of
the delivery compartment 24 shows the com- N

mon line past which the impellers 1, 2 sweep.
The impellers 1, 2 are driven and maintained
in timing relation by the pair of gears 25, 26,
The volume 27 formed between the impellers
1, 2, the cylinder section 10 and the delivery
compartment 24 is what is left following de-
livery from the delivery compartment and
is the volume of gas at the delivery pressure
which is mixed with the volume of gas 28 at

‘the inlet pressure formed between the impel-

ler 2 and the cylinder sections 11, 12 and the
delivery compartment 24. Upon rotation of
the impellers 1,-2, beyond their positions
as shown in Fig. 2, the impeller 2 will
pass the line 23 thus making communication
between the volumes 27 and 28, and initiate
compression adiabatically of the enclosed
gas. It will be noted that the impeller 2
rotates from the line 92 of the cylinder sec-
tion 11 to the line 29 of the section 11 with no
differential pressure between the* suction

opening and the gas volume 28 and therefore

there is no slip past the impeller 2 and the
cylinder section 11 while rotating from the
line 22 to the line 29. ‘A corresponding re-
gion of no slip occurs in the rotating of the
impellér -along the wall of the cylinder sec-
tion 9 beginning at the line 21. ‘

As appears in Figs: 2 and 20, the port of the
delivery compartment 24 is provided with a
valyve constructed to pass air, gas or other
medium in one direction solely. ‘Preferably,
the delivery compartment for a two lobe im-
peller is provided with two sets 30, 81 of
such’ uni-directional valves, comprising the
spaced slots 80a of the valve 30, arranged in
alternate spaced relation with respect to the
slots 30, the valve strips 30¢ being disposed
to be displaced in one direction only relative
to the discharge openings of the slots 308, or
the equivalent whereby upon the pressure in
the delivery compartment
ing-the pressure in the delivery line 238, each
valve 80¢ is moved in its slot 300 to effect

communication through the valve slots. Like -

parts of the valve 81 are designated by like
reference characters, 81, 815, 31c.

As is indicated hereinabove, and as is illus-
trated in detail in Figs. 2 and 4, the delivery

compartment is provided with the respective

openings 32, 33 and comprises the central -
-abutment having the arcuate faces 23a, 235

and further comprises the arcuate faces 21a,
22a, co-operating with the respective impel-
lers 1, 2, thereby forming compression
chambers between the respective impellers
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and the co-operating parts of the delivery
compartment at successive stages of relative
motion and resulting “squeezing” action in
the spaces between the impellers 1, 2, and the
aforesaid arcuate parts.

_ Heretofore in pumps and compressors hav-
ing inter-engaging lobed impellers operating
in the cylinder, the delivery is devoid of
‘valve means and accordingly as the respec-

10 tive Iobes approach the delivery substantially

15

no compression of the gas takes place.
Pursuant to my invention, arcuate exten-
sions 21a—23a and 22a—23b, see Fig. 2, of
the walls of the cylinder meet at or near the
common line 23 and thus co-operate with the

respective impellers to form spaces for the-

delivery of the gas without extending the
dimensions of the cylinder, and serving also
to prevent the return of the gas previously

0 compressed and delivered into the delivery

30
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line. My invention provides the further co-
acting means in the form of uni-directional
valves, opening outwardly of the casing into
the delivery Iine, whereby the distinctive
characteristics graphically depicted in the
pressure-volume diagram of Fig. 1 are at-
tained; structurally stated, my improved
machine comprises essentially a pump or
compressor capable of sucking in at inlet
pressure the volume ab, succeeding which is
a partial compression period in which the
pressure of the gas is suddenly increased
solely and wholly within the compressor
along line be, after which the gas is adiabati-
cally compressed along the line ef, follow-
ing which the compressed gas is delivered
into the discharge line for the volume fd,
at the discharge pressure represented by the
line ad.

In prior types and uses of inter-engaging
"lobed impellers the work required on com-
pression—which is of sudden compression—
is represented on the diagram Fig. 1 at
abegfed. In this diagram the gas is sucked
into the machine in a volume and at an inlet
pressure represented by the line ab. At the
point b, the tips of the respective impellers
pass the cylinder at the points 21a, 22a, re-
spectively, thus permitting the discharge line
pressure to shoot back into the compartment
‘opened by the respective movements of the
two impellers. This causes the pressure
which was formerly at the suction pressure
to instantly arise along the line begc until
the discharge line pressure immediately be-
comes the pressure in these compartments,
whereby the discharge line pressure therefore
compresses the gas which was present at the
suction pressure. After this the co-operating

9 movement of the two impellers delivers the

85

compressed gas into the discharge line along
the line gfed at the pressure da.

As distinguished from piston pump ma-
chines or. compressor, the movement of each
piston .of a multiple piston machine in one

1,818,767

direction causes gas to be sucked into the
cylinder at the suction pressure ab, and in
volume represented by ab. The reversal of
the direction of the piston causes its inlet
valve to close, thus preventing the entrapped
charge from returning to the inlet pipe. As

70

the pressure within the cylinder is at the suc- |

tion pressure, and as there are discharge
valves which prevent communication be-
tween the discharge pipe and the interior of
the cylinder, the gas in the cylinder is grad-
ually or adiabatically compressed along the
curve be, until the pressure within the cylin-
der is slightly greater than the delivery pres-
sure, thus overcoming the resistance of the
delivery pressure against the spring valves
and overcoming the frictional resistances of
these valves. The compressed air is then de-
livered for the volume cd, at a pressure ad,
after which the cycle is repeated.

After the gas has been adiabatically com-
pressed it is delivered through the valves 30,
31, the ports 32, 33 and the valve bonnets 34,
35 of the 'delivery compartment 24. When
the' requirements are for compressed gas at
constant capacity, the discharge line is con-
nected directly with the delivery compart-
ment 24, as af the flange 36, while if a by-
pass of any kind is desired, it may be con-
nected with the delivery compartment 24 as
at the flange 37. Thus, it will be noted, that
whatever medium is delivered from the vol-
umes 27, 28 into the delivery compartment
94 there is no slip back into the machine, and;
also, all of the medium taken in at the suc-
tion side, excepting the slip, is positively de-
livered into the delivéry compartment 24, re-

%
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90
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100

sulting in high volumetric efficiency and low

power consumption.

Referring to Fig. 3, like numerals desig-
nate like parts as are illustrated and-described
in Fig. 2. The bottom head section 88 and

the bottom head section 39 are attached to

the respective ends of the cylinder section,
9,11. The top head plate sections 40, 41 are
attached to the bottom head sections 38, 39,
and to the cylinder sections 10, 12. The
bearings 42, of which two are shown, are sup-
ported in the head-plate 38, while the bear-
ings 48, two in number, are supported by

105

110

116

the headplate section 39. The two -dupli- -

cate, intermeshing, synchronizing and tim-
ing gears 25, 26, respectively, are respective-
ly mounted upon the shafts 3, 4 and are dis-
posed within the housing 45, preferably re-
mote from the cylinder, so that the gears
can be fully protected from dust and dirt
and run in 2 bath of oil, to maintain the im-
pellers 1, 2 in proper relation to each other,
and transmit half of the power. Depending
upon which of the two shafts 3, 4 is the drive
shaft, one of these shafts terminates in the
double outer bearing 46, while the other shaft
continues through the double-outer bearing
46 upon which the pulley 48 is mounted ; or

120

125

130 ..
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the drive may be connected to the driving
shaft in any other suitable means. The
double outer bearing 46 is mounted upon the
pedestal 47 which, together with the head
plate sections 88, 89 and the cylinder sections
9, 11 at the feet 17, 18 are preferably mount-

ed upon the one piece bed plate 44 forming

the base of the machine. When unloading
is used the check valve 49 is mounted upon
the delivery chamber 24 and the pipe plate 50
is mounted upon the check valve 49 thus
providing the flange 51 for a suitable connec-
tion for the discharge piping. -

Referring to Fig. 4 like numerals desig-
nate like parts as hereinabove illustrated,
and description relative to these parts in
Figs. 2 and 3 will suffice. Figure 4 further
illustrates . the following additions which

_comprises one embodiment of my unloading

means. The check valve body 49 contains
the valves 52, 53 disposed within the valve

‘bonnets 54, 55, for the purpose of preventing
a return flow of the medium through the .

ports 56, 57, under the valves 52, 58, into the
is accom-
plished automatically by a fluid, pressure
motor comprising preferably a pressure reg-

ulated pilot valve which. controls the inflow . )
-the opening 103 of the upper valve bo

and outflow of the medium at the discharge

.or delivery pressure, and which also controls

. the alternate inflow and outflow of the me-
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_positions.

dium at the suction pressure, thus actuating
a by-pass valve to full open or to full shut
When this by-pass valve is in
its full shut position, none of the medium
can return to the suction side. When un-
loaded, this by-pass valve is in its full open
position and none of the medium is delivered
into the discharge 'line, the check valve 49
preventing any return from the discharge

pipe.

The pilot valve body 58 is shown in one
embodiment of my invention and comprising
the pilot valve 59, having the cut away ports
60, and further having its valve stem 61 con-
nected to the diaphragm 62 by the plate 63

-and the nut 64, all disposed within the body

58. The diaphragm 62 is also ‘held to’ the
valve stem 61 by the plate 65 and the nut 66.
The valve stem 61 is connected by the link
67 with the lever 68 and the pin 69. The
lever 68 has its fulcrum on the pin 70, sup-
ported by the bracket 71. The bracket 71 is

mounted -on the top of the body section 72.-

The diaphragm 62 is held in place by the
.same time, the ports 90, 91 will be connected -

body section 72. The lever 68 may be con-
nected with a dash pot 73 by the link 74 and
the pin 75. The weights 76, supported by the
rod 77, attached to the lever 68, may be va-
ried to balance the diaphragm action at any
desired- pressure with the aid of the slide
weight 78 which may be set at different posi-
tions on the lever 68. The lever 68 is lim-
ited in its movement up and down by -the

‘slotted stop 79 disposed around the lever 68

S
and mounted upon the body section 72. The
top of the diaphragm 62 is subjected to at-
mospheric pressure through the opening 80
in the body 72. ‘

The pipe 81 .connects the discharge pipe

side of the check valve body 49 with the T
82 and with the T 83. The body 58 is con-

70

nected with the discliarge pipe by the pipe -

84 and the pipe 85 at-86 from the T’s 82
and 88, thus subjecting the lower side of the
pilot valve 59 and the lower side of the dia-
phragm 62 to the discharge pressure. The
valve body 58 has the port 87, connected by
the pipe 89 and the T 83 with the discharge

pressure through the pipe 81. The valve.

body 58 also has the spaced ports 90 and 91,

(]

80

both communicating “with their cut away .

ports 60 of the pilot valve 59 when the pilot.
valve 59 is in its bottom position as shown,
which occurs when the pressure in the dis-
charge pipe is insufficient to raise the dia-
phragm 62 connected with the pilot valve 59.
The by-pass valve 92, disposed within the
valve body 93 is connected with the dia-
phragm 94, and is held in place by the upper
valve body section 95, by the valve stem 96,
the nuts 97, 98, the plate 99, the nut 100, the
plate 101, the nut 102, and extends through
dy

section 95 where the shelf 104 is attached to
the valve stem 96 by the pin 105. The

weights 106 are placed upon the shelf 104 in’

the required number and size to insure the
return of the by-pass valve 92 to its seat 107
when the pressure under the diaphragm 94
within the valye body 98 is the same as the
suction pressure of the medium being
pumped or compressed. :

The valve body 93 having the ports 108, is
connected by the pipe 109 with the discharge
chamber 24 at the flange 87, and also, the
valve body 93 is connected by the pipe 110,
the T 111 of the suction main, the pipe 112,
the elbow 113 to the pipe plate 114 at the

suction side of the machine. The space be--

tween the diaphragm 94 and the valve body

86
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93 is.connected with the port 90 of the pilot -

valve body 58 by the pipe 115. The port 91
of the valve body 58 is connected with the
suction pipe 110 by the pipe 116. Thus, it
will be noted that during periods when the
discharge pipe pressure is insufficient to raise

port 87 will be closed from the discharge
pressure by the pilot valve 59 while at the

together through the cut away port 60 of the

115

-the diaphragm 62 and the pilot valve 59, the -

120

pilot valve 59, the result being that the sue- -

tion pressure will operate against the bottom
of the diaphragm 94, through the pipes 115,
116, and the force of the suction pressure
operating over the diaphragm 94 will be in-
sufficient to lift the valve stem 96 and the

125

weights 106, and the by-pass valve 92 will be

held on its seat 107, and as the by:pass valve

13
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ports 108 will be closed, no gas or medium
being pumped or gompressed can by-pass,
and the machine will deliver its full capacity
into the discharge, and unloading will be
entirely ineffective.

When an excess quantity of the medium is

delivered by the machine into the discharge, -

the pressure will increase, and when the dis-
charge pressure has increased sufficiently, the
force operating upon the diaphragm 62 will
be greater than the predetermined loading
of the lever 63 and the stem 61, the result
being that the pilot valve 59 will rise, the
port 91 connected with the suction 110
through the pipe 116 will be closed, the port
87 connected with the discharge through

~ pipe 81 will be opened, the port 90 will re-

20

25

30

"35

40

45

50

main open, and the pressure under the dia-
phragm 94 will have been changed from suc-
tion pressure to discharge pressure, the
weights 106 will be insufficient to hold the
valve stem 96 down, and the by-pass valve
92 will become fully opened. The medium
in the discharge pipe is prevented from re-
turning through the closing of the check
valves 52, 53, the discharge chamber 24 is
connected with the suction 114 through the
pipe 109, the open port 108, the pipes 110,
111, 112 and 118, there will be no increase in
the pressure of the medium as it passes

_through the machine, the medium merely

being recirculated at suction pressure requir-
ing only sufficient power for driving to over-
come the friction of the machine, and unload-
ing is fully effective. -

-As soon as withdrawals from the discharge
line reduce the pressure under the diaphragm
62 sufficiently, the pilot valve 59 will return
to the position shown, the pressure under
the diaphragm 94 will again become the suc-
tion line pressure, the by-pass valve 92 will
fully close, and no by-passing takes place.
All of the medium which passes through the
machine is delivered into the discharge pipe,
and unloading will again be entirely ineffec-
tive, the alternate loading and unloading
periodically becoming effective to maintain
a substantially constant delivery line pres-
sure, and reduction in power consumption
in substantial proportion to the quantity of

- the medium delivered into the discharge

55
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65

pipe. .

It will be understood by those skilled in
the art, that the pilot valve means and the
by-pass valve means illustrated in the draw-
ings may be rearranged and modified to be
responsive to any desired vacua in lieu of
pressure. Also, in certain applications it
may be preferable to have the pilot valve
means, or the by-pass valve means, or both
operated or controlled electrically, hydrauli-
cally, or pneumatically, either separately or
in combination as desired. Though I have
described valve means for preventing in-
stantaneous compression, it will be under-
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stood that in extremely high speed machines
with a large number of deliveries into the
discharge per unit of time, the return flow
of the gas into the compression compartments
may be prevented by omitting the valves and
restricting the vort openings at the discharge
side to an extent which will produee a move-
ment of the gas solely in one direction.

It will be observed that my invention pro-
vides for the discharge of the compressor

-into the discharge line under. conditions of

pressure in the discharge line not exceeding
any predetermined value, under which con-
dition the by-pass between the discharge and
inlet openings is closed; further, under the
condition of the pressure in the discharge
line exceeding such predetermined value, the
discharge from the compressor is by-passed
back to the inlet of the compressor. Pref-
erably, as is illustrated and described here-
inabove, the valve controlling my by-pass
assumes in this operation either a fully open
position or a fully closed position, in which
event the discharge from the compressor is
wholly prevented from going into the dis-
charge line and is led back through the open
by-pass valve to the inlet of the compressor.

Whereas, I have described my invention by
reference to specific forms thereof, it will be
understood that many changes and modifica-
tions may be made without departing from
the spirit of the invention.

T claim: -

1. The combination of a casing having an
inlet and a discharge, said inlet being free
of any valve, means including impellers dis-

posed within said casing for compressing a

fluid, driving means for said impellers, valve
means for said discharge, fluid passage means
communicating at its one end with said dis-
charge of sald casing between said valve
means and said impellers and at its opposite
end with said inlet for controlling the dis-
charge through said discharge valve means,
said fluid passage means including a valve
responsive to discharge and inlet pressures
and movable solely to fully opened and fully
closed positions, and means for moving. said
valve solely to fully opened and fully closed
positions. :

2. The combination of a casing having an
inlet and a discharge, said inlet being free
of any valve, means including impellers dis-
posed within said casing for compressing a
fluid, driving means for said impellers, valve
means for said discharge, fluid passage means
communicating at its one end with said dis-
charge of said casing between said valve
means and said impellers and at its opposite
end with said inlet for controlling the dis-
charge through said discharge valve means,
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said discharge controlling means including '

a valve responsive to inlet and discharge
pressures and movable solely to fully opened
and fully closed positions, and means for
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moving said valve solely to fully opened and

fully closed positions.
3. The combination of a casing having an

inlet and a discharge, said inlét being free'

of any valve, means including impellers dis-
posed within said casing for compressing a
Hluid, driving means for the impellers, valve
means for said discharge, fluid passage means
communicating at its one end with said dis-
charge of said casing between said valve

means and said impellers and at its opposite.

end with said inlet for controlling the dis-
charge through said discharge valve means,
said discharge controlling means including
a manually variable weight adjustable valve,
responsive to inlet and discharge pressures
and movable solely to fully opened and fully
closed positions, and means for moving said
valve solely to fully opened and fully closed
positions.

4. The combination of a casing having an
inlet and a discharge, said inlet being free
of any valve, means including impellers dis-
posed within said casing for compressing a
fluid, driving means for the impellers, valve
means for said discharge, and fluid passage
means communicating at its one end with

" said discharge of said casing between said
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valve means and said impellers and at its
opposite end with said inlet for controlling
the discharge through said discharge valve
means, said discharge controlling means in-
cluding a device responsive to the pressure
at the inlet and the discharge of said casing.

5. The combination of a casing having an
inlet and a discharge, said inlet being free
of any valve, means including impellers dis-

" posed within said casing for compressing a

40

- communicating with said discharge through
. said discharge valve means, and fluid pas-
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fluid, driving means for the impellers, valve
means for said discharge, a delivery line

sage means communicating at its one end
with said discharge of said casing between
said valve means -and said impellers and at
its opposite end with said inlet for control-

- ling the discharge through said discharge
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valve means, said discharge controlling
means including a valve responsive to the
pressure of said inlet and said delivery line.

- 6. The combination of a casing having an

 inlet and a discharge, said inlet being free
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of any valve, means including impellers dis-
posed within said casing for compressing
the fluid, driving means for the impellers,
valve means for said discharge, a delivery
line communicating with said discharge
through said discharge valve means, and
fluid passage means. communicating at its
one end with said discharge between said

" discharge valve means and said impellers

andat its opposite end with said inlet for
controlling the discharge through said dis-
charge valve means, said discharge control-

65 ling means including a valve responsive
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jointly to the pressure in said discharge line
and the pressure at said inlet.

7. .The combination of a casing having an
inlet and a discharge, means disposed with-
in said casing for compressing a fluid, driv-
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Ing means, check valve means for said .dis- -

charge, check valve means disposed in the
discharge of said casing anteriorly of said
first named discharge valve means, and
means communicating at its one end at a
location - intermediate said first- named and
said second named discharge valve ‘means
and at its other end with said inlet for con-
trolling the discharge of compressed fluid
through said first named discharge valve
means. '

8. The combination of a casing having‘ an .
inlet-and a discharge, means disposed with--

in said casing for compressing a fluid, driv-
ing means, check valve means for said dis-
charge, check valve means disposed in the
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discharge of said casing anteriorly of said = -

first named discharge valve means, and
means communicating at its one end at a
location intermediate said first named and
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said second named discharge valve means

and at its other end with: said inlet for con-
trolling the discharge of compressed fluid
through said first named discharge valve
means, said discharge controlling means in-
cluding a pressure responsive device.

9. The combination of a casing having an
inlet and a discharge, means disposed with-
in said casing for compressing a fluid, driv-
ing means, check valve means for said dis-
charge, check valve means disposed in the
discharge of said casing anteriorly of said
first named discharge valve means, and

means communicating at its one end at a -

location intermediate said first named and
sald second named discharge valve means

“and at its other end with said inlet for con-
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trolling the discharge of compressed fluid "~

through said first named discharge valve
means, said discharge controlling means in-
cluding a manually variable weight adjust-
able valve. :

10. The combination of a casing having
an inlet and a discharge, means disposed
within said casing for compressing a fluid,

driving means, check valve means for said

discharge, check valve means disposed in the
discharge of said casing anteriorly of said

first named discharge valve means, and.

means communicating at its one end at a
location intermediate said first named and
said second named discharge valve means
and at its other end with said inlet for con-
trolling the discharge of compressed fluid

through said first named discharge valve
means, said discharge controlling means in-

cluding a device responsive to the pressure
at the inlet of said casing. o

;11.- The combination of a casing having an
inlet and a discharge, means disposed with-
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in said casing for compressing a fluid, driv-
ing means, check valve means for said dis-
charge, a delivery line communicating with
said discharge through said discharge valve
means, check valve means disposed in the dis-
charge of said casing anteriorly of said first
named discharge valve means, and means
communicating at its one end to a location
intermediate said first named and said sec-
ond named discharge valve means and at its
other end with said inlet for controlling the
discharge of compressed fluid through said
first named discharge valve means, said dis-
charge controlling means including a valve
responsive to the pressure of said delivery
line.

12. The combination of a casing having an
inlet and a discharge, means disposed with-
in said casing for compressing a fluid, driv-
ing means, check valve means for said dis-
charge, a delivery line communicating with
said discharge through said discharge valve
means, check valve means disposed in the
discharge of said casing anteriorly of said
first named discharge valve means, and means
communicating at its one end at a location in-
termediate said first named and said second
named discharge valve means and at its other
end with said inlet for controlling the dis-
charge of compressed {luid through said flrst
named discharge means, said discharge con-
trolling means including .a valve responsive
jointly to the pressure in said discharge line
and the pressure at said inlet.

13. The combination of a casing, an im-
peller disposed within said casing for com-
pressing a fluid, driving means for said im-
peller, discharge and inlet piping for said
casing, passage means closed to-the atmos-
phere interconnecting said discharge and in-
let piping, a power operated valve for said
passage means, a unidirectional valve for said
discharge piping and means responsive to
the pressuze of said discharge piping and
said inlet piping for controlling said pas-
sage means valve,

14. The combination with a compressor
provided. with inlet and discharge openings,

and a discharge line, of means for controlling’

the discharge of fluid from said compressor
into said discharge line, said controlling
means comprising by-pass means communi-
cating at one end with said discharge open-
ing and at its opposite end with said inlet
opening, a valve controlling said by-pass
means and pilot valve means controlled by
the pressure in said discharge line for oper-
ating said valve means alternately to fully
open and fully. closed positions. ’

15. The combination with a compressor
provided with inlet and discharge openings,

“and a discharge line, of means for control-
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ling the discharge of fluid from said com-
pressor into said discharge line, said con-

trolling means comprising' by-pass means

A
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communicating at one end with said dis-
charge opening and at its opposite end with
said inlet opening, a valve controlling said
by-pass means and power operated pilot
valve means controlled by the pressure in
said discharge line for operating said valve
means alternately to fully open and fully
closed positions.

16. The combination with a compressor
provided with inlet and discharge openings,
and a discharge line, of means for controlling
the discharge of fluid from said compressor
into said discharge line, said controlling
means comprising by-pass means communi-
cating at one end with said discharge open-
ing and at its opposite end with said inlet
opening, a valve controlling said by-pass
means and valve means controlled by the
pressure in said discharge line for operating
said valve controlling said by-pass means al-
ternately to fully open and fully closed posi-
tions, said valve means comprising a pilot
valve member, a casing enclosing said pilot
valve member and provided with a port, and
a piping connecting said port with said dis-
charge line, : :

17. The combination with a compressor
provided with inlet and discharge openings,
and a discharge line, of means for controlling
the discharge of fluid from said compressor
into said discharge line, said controlling
means comprising by-pass means communi-
cating at one end with said discharge open-
ing and at its opposite end with said inlet
opening, a valve controlling said by-pass
means and valve means. controlled by the
pressure in said discharge line for operat-
ing said valve controlling said by-pass means
alternately to fully open and fully closed
positions, said valve means comprising a pilot

valve member, a casing enclosing said pilot

valve member and provided with a plurality
of ports and piping respectively connecting
said ports with said discharge line and said
inlet opening.

18. The combination with a compressor
provided with inlet and discharge openings,
and a discharge line, of means for controlling
the discharge of fluid from said compressor
into said discharge line, said controlling
means comprising' by-pass, means communi-
cating at one end with said discharge open-
ing and at its opposite end with said inlet
opening, a valve controlling said by-pass
means and valve means controlled by the
pressure in said discharge line for operating
said valve controlling said by-pass means al-
ternately to fully open and fully closed posi-
tions, said valve means comprising a pilot

valve member, a casing enclosing said pilot

valve member and provided with a port, anj’

piping connecting said port with said inlet

opening. » . !
19. The combination with a compressor

. provided with inlet and discharge openings,
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and a discharge line, of means for controlling
the discharge of fluid from said compressor
into said discharge line, said controlling
means comprising by-pass means communi-
cating at one end with said discharge open-
ing and at its opposite end with said inlet
opening, a valve controlling said by-pass

‘means and valve means controlled by.the pres-

sure in said discharge line for operating said
valve controlling said by-pass means al-
ternately to fully open andy fully closed posi-
tions, said valve means comprising a pilot
valve member, a casing enclosing said pilot
valve member end provided with a port at
which the pressure is maintained the same
as that of said inlet opening.

In testimony whereof I have signed this
specification this 10th day of September 1927.

EVERETT W. SWARTWOUT.
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