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This invention relates to apparatus for pump 
ing, compressing or blowing gaseous or liquid 
fluids, and more particularly to positive displace 
Eilent apparatuS capable of effective operation at 
pressures above or below atmospheric, pressure 5. 
for pumping, compressing or blowing gaseous or " 
liquid fluid and hereinafter referred to as pump 
ing apparatus. . . . . . 

One of the principal objects of the invention 
is to provide Such pumping apparatus which will 
have a maximum piston displacement from ama 
chine of given diametral dimensions. It is also 
an object of the invention to provide apparatus 
of the above type having high overall efficiency 
in Cperation and which can be economically, and 
accurately manufactured. . . . . . . 
An additional object of the invention is to pro 

Vide Such apparatus having: positive displacement 
under all pressure, and speed conditions the out 
put of which is closely propertional to the speed 
of operation. 
Another object is to provide such pumping ap 

paratus which Will be compact in shape and of 
low Weight and wherein the use of operated O 
automatic type valves can be avoided. 
A further object is to provide a simple and 

effective cooling System for the walls of the cylin 
der in pumping apparatus of the above type. 
A still further object is to provide such appa 

ratus wherein reciprocating movement is im 
parted to the pistons through a rotating slant 
or Swash plate without the use of special guides 
for the bridge members by means of which the 
pistons are connected together about the periph 
ery of the SWash plate. 
A still further object is to provide for simple 

and effective sealing between the sides of a piston 
and the adjacent walls of a cylinder such as may 
be used in apparatus of the above type and which 
Will be effective whether the engaging piston and 
cylinder surfaces are plane, concave or convex. 
Other objects and advantages. Of the invention 

will be apparent from the following description, 
the accompanying drawings and the appended 
clain MnS. 
In the drawings, which illustrate preferred em 

bodiments of the invention, and in which like 
characters of reference designate like parts 
throughout 

Fig. i is a view in longitudinal section illus 
trating a multi-cylinder compressor or blower 
constructed in accordance with the present inven 
tion; . . : 

Fig. 2 is a composite view of the apparatus 
shown in Fig. 1, the left half being in vertical 55 
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section on the line. 2-2 in Fig. 1, and the right 
half being in end elevation looking from the left 
in Fig.1; · · . 

Fig. 3 is a fragmentary section through the 
rotary valve taken on the line 3-3 in Fig. 1; 

Fig. 4 is a fragmentary view in section substan 
tially on the line 4-4 in Fig. 2; 

Fig. 5 is a perspective view, illustrating one of 
the rotary valve members employed in the device 
shown in Figs. 1 to 3; 

Fig. 6 is a fragmentary view partly in elevation 
and partly broken away and in section illustrating 
One of the pistons, and the packing means therefor 
titilized in the apparatus shown in Figs. 1 to 3; 
... Fig. 7 is an exploded detail view in perspective 
of a corner of the piston shown in Fig. 6 illus 
trating the packing means utilized therewith; 

Fig. 8 is a detail view in perspective illustrating 
the parts shown in Fig. 7 in assembled position; 

Fig. 9 is a view similar to, Fig. 8 illustrating a 
modified form of packing means; and 

Fig. 10 is a fragmentary view, partly in eleva 
tion and partly in longitudinal section, illustrat 
jag a blower or compressor embodying a modifir 
cation of the invention. 
: As stated, the present invention is particularly 
directed to the provision of positive displacement 
pumping apparatus having maximum piston dis 
placement from apparatus of given diametral 
dimerasions and having also novel structural fear 

tres, permitting economical ?nd accurate, man 
tifacture, and it is desired in this connection to 
provide a construction equally applicable to appa 
ratus for pumping, compressing or blowing air or 
other gases, and liquids. . . . ? 
... In accordance with the invention, these objec 
tives are obtained in apparatus wherein the cylin 
dêrs are a Franged circumferentially about a cen 
tral air flow or discharge passage extending sub 
stantially the entire length of the apparatus and 
wherein the pistons are reciprocated parallel to 
this flow passage by means of a rotating slant or 
SWash plate having its axis...of rotation substan 
tially coaxial with the central passage of the ma 
chine. This basic construction provides for a 
number of other structural features which con 
tribute to the results achieved by means of the 
invention. The pistons are readily made double 
agting s? that they displace substantially twice 
the volume of the cylinders for each complete 
cycle of reciprocation, and the invention also pro 
vides for valve means capable of directing the 
entire disgharge from all the cylinders into the 
central flow passage. The use of the swash plate 
drive alse makes practical a double ended pump 
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ing apparatus in which there are two sets of 
cylinders, one at each end of the apparatus, With 
the single swash plate positioned substantially 
intermediate these cylinders and operating to 
drive all of the pistons in rotation. It is also 
practical with the apparatus of the invention to 
utilize cylinders having in cross section the shape 
of a sector of a circular annulus, thus providing 
for a great increase of the effective cylinder Vol 
ume over conventional apparatus of comparable 
diametral dimensions utilizing cylinders of circul 
lar or other conventional shapes. . . . . . 

0. 

The present invention provides positive dis- : 
placement apparatus which is compact, low in 
weight and highly efficient. This apparatus has 
good control characteristics permitting two or 

5 

more to be operated effectively in parallel. The 
invention does not require operated valves or 
gear drives, and it provides apparatus which can 
be driven directly and the output of which will 
be closely proportional to its speed. Further 
more, it has a wide range of operation without 
critical conditions and gives high over-all adia 
batic efficiency particularly under conditions re 
quiring high pressure ratios. These results are 
all obtainable in accordance with the invention 
in apparatus constructed largely of parts which 
may be readily and inexpensively manufactured 
to the proper degree of accuracy without close 
tolerances. . 

Referring first to the embodiment of the in 
Vention shown in Figs. 1 to 3, and particularly 
to the structure ShoWnto the left of the central 
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plane A-A in Fig. 1, cylindrical wall member 20 
and an outer cylindrical wall member 2 are con 
centrically arranged to form an annular cylinder 
chamber about a central passage, outer Wall 
member 2, being provided with cooling fins 22 
as shown. This annular cylinder chamber is in 
turn separated into a plurality of individual cyl 
inders by wall members 25, which are radially 
arranged in circumferentially spaced relation be 
tween the concentric cylindrical wall members 
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as shown particularly in Fig. 2. As shown, there 
are nine of these wall members 25, and they di 
vide the annular cylinder chamber into nine 
parallel symmetrical cylinders 26 each having in 
transverse section the general configuration of a 
Sector of a circular annulus. Wall members 25 
are shown as held in position by engaging in 
Suitable slots in the adjacent surfaces of the 
cylinder walls 20 and 21, and each wall member 
25 is also provided, as shown, with a plurality of 
internal passages 27 parallel to the central pas 
Sage of the apparatus, these passages 27 provid 
ing for cooling the walls by passing suitable cool 
ant therethrough as will be described. 
The above cylinder construction provides sub 

stantial advantages over conventional structures 
Wherein the individual cylinders are circular in 
transverse section. In the latter type of con 
struction only a limited number of circular cylin 
ders can be provided within given diametral di 
mensions, and there will inevitably be substantial 
loss of useful Space between and around adja 
cent cylinders, as can readily be appreciated by 
visualizing the design produced by drawing a 
Series of Small circles within a circular annulus. 
The present invention provides a construction 
wherein there is effectively a single annular cyl 
inder chamber between walls 20 and 2i and 
makes possible the effective use of this entire 
cylinder chamber except for the comparatively 
negligible Space occupied by radial walls 25. This 
construction has also substantial features of 

50 

55 

60 

65 

70 

75 

4. 
economy of manufacture, since the individual 
parts which form the cylinders are of simple 
shape and readily manufactured to the proper 
degree of accuracy. 
The Outer heads for cylinders 26 are provided 

by a member 30 secured, as shown, to the outer 
end of Wall member 2 and which includes a 
closed outer end portion 3 and a circular fiange 
32 which engages inner wall member 20 adjacent 
its outer end. Head 30 is provided with openings 
33 which serve as intake passages for air from 
the Outer atmosphere, and this air passes to the 
central passage formed by wall member 20, 
whence its further course is controlled by valve 
means to be described. A plurality of trough 
like depressions 34 are provided on the inner side 
of head 30, there being one of these depressions 
34 for each of cylinders 26 and each being adapt 
ed to register at its radially inner end with one of 
the corresponding apertures 35 in inner cylinder 
wall 20, each depression 34 and aperture 35 thus 
combining to provide a port for communication 
between the outer end of each cylinder 26 and 
the central passage of the apparatus, which 
ports Serve alternately for both intake and dis 
charge as will be described. Head 30 is also pro 
Vided with slots radially arranged and suitably 
Spaced to coincide with radial cylinder walls 25, 
as . Shown particularly in Figs. 2 and 4, and 
radially arranged wall portions 36 enclosing 
radial passages 37 which provide free communi 
cation to or from the ends of passages 27 in 
these Walls 25. A screen 38 is provided for cover 
ing intake passages 33 to filter air taken into the 
apparatus. 
The axially inner heads for cylinders 26 are 

provided by an annular member 40 which is 
slotted similarly to cylinder head 30 to coincide 
With the ends of radial wall members 25 and is 
formed on its surface adjacent cylinders 26 to 
provide a plurality of trough portions 4f similar 
to depressions 34 described above each adapted 
to register with one of the adjacent apertures 
42 in inner cylinder wall 20 to provide a port for 
communication between the central passage and 
the axially inner end of each cylinder 26. Head 
member 40 is also formed with boss portions 
43 for supporting the piston rods of the appara 
tus and is provided with a plurality of paSSageS 
44 through which coolant may be introduced to 
the passages 27 within wall members 25, the 
shape of these passages 44 being clearly shown in 
Fig. 3. In operation, coolant may be introduced 
into these radial cylinder walls 25 by positioning 
the device in an inlet air duct extending between 
the planes indicated generally at 45 and 46. 
With this arrangement, air will be directed into 
paSSages 44 and thence through passages 27 in 
each Wall member 25 and this air can then ex 
haust to atmosphere through the outlets 37 at 
the Outer end of the apparatus, as indicated by 
arrows 47 in Figs. 1, 3 and 4. 

Each of cylinders 26 has a piston 50 mounted 
for reciprocating movement therein parallel to the 
central axis of the apparatus, and as shown par 
ticularly in Fig. 2, each of these pistons 50 is com 
plementary in shape to the cylinder wherein it is 
mounted, having a circularly convex outer edge, a 
circularly concave inner edge, and plane side 
edges each parallel to its adjacent radial cylinder 
Wall 25. Since as pointed out, cylinders 26 effec 
tively provide a single annular cylinder chamber 
of Substantially the maximum cross sectional area 
for apparatus of given diameter, the use of the 
complementarily shaped pistons in these sector 
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shaped cylinders provides maximum piston (dis 
placement for the given 'diametral dimensions, 
which as noted is substantially greater than can 
be obtained from apparatts of the sarine dia 
netral dimensions using cylinders and pistons of 
circular or any other shape not formed directly 
by Subdivision of the annular cylinder space. 

Each of pistons 5 ( is Secured, by means such as 
a nut and lock Washer 5 to a piston rod 52 
mounted for reciprocating movement in boss 43 
of head member 8, suitable bushings 53 and 
packings being provided to permit free reciproca 
tion without leakage from the cylinder. Each 
pistora rod 52 is in turn secured to a bridge mem 
ber 54 adapted for embracing contact through 
slipper bearing elements 55 with a slant or SWash 
plate 55 mounted for rotation coaxially with the 
annular cylinder chamber Within the central por 
tion of the apparatus and enclosed by annular 
casing 5. As shown, oth piston rod 52 and 
bridge 54 may be made substantially hollow to 
provide for lightening the total weight of the 
apparatus, and the resulting open end of the rod 
adjacent the bridge provides for convenient 
mounting of the socket, mountings for bearing 
telementS 56, as shown in Fig. 1. 

As swash plate 55 rotates, it will cause each 
piston rod 52 and the piston 5 connected there 
with to reciprocate in rotational sequence, and 
during such rotation slipper bearings 56 Will pivot 
in their sockets to follow the varying presentation 
“of the faces of the swash plate. Furthermore, 
since these pistons are of sector, shape as de 
scribed and are restrained by their adjacent con 
plementarily formed cylinder walls against rota 
tion about the axis of rods 52, Eneans such as a 
·pin 53 and key 59 may be provided to hold rod 
52 and bridge 55 against rotation with respect, to 
the piston, thus inaking possible the elimination 
of separate guide members for retaining the 
abridge in the proper alignment, for continuous 
engagement with the rotating swash plate. 
The mounting means for swash plate 55 in 

cludes cylindrical tube insenbers 60 and 63 which 
are rotatably supported in bearings if and S. 
carried by supporting nembers 62 and S2 secured 
to the insai rins of cylinder heads and 4). 
Tube it has a flanged inier ead which is bolted 
at 63 to swash plate 55. The similar cylindrical 
tube menber 36 is also bolted at 63 to swash 
plate 55, and these tube members 6e and 66 
together extend substantially the entire length of 
the apparatus and provide a continuous central 
passage indicated generally as 89, Swash plate 
55, is cofanected through radial spokes 57 to an 
ianer hlub member 8 Shicih in turn is Splined or 
otherwise provided with a driving connection to 
the naain drive shaft, (). Since Spokes 6 and 
ihub 68 are positioned within central passage 66, 
the spokes are preferably streamlined or made of 
similarly smooth shape to offer minimum resist 
ance to the passage of air, and a streamlined nose 
piece Ti i for the inner end of shaft T serves siimi 
larly to provide for reducing the resistance of the 
shaft and hub 68 to the flow of air through gas 
Sage 66. The stiffness. Of spokes GT can be selected 
to offset torsional resonance within the speed 
range of the engine, 2nd also instead of being 
formed integrally With the SWash plate the spokes 
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Outer casing fragmentarily shown at 76 is adapted 
to be fixedly mounted with respect to the icon 
pressor, as shown, and forms with casing 75 a. 
passage T continuous with central passage 66, 
through which the output of the apparatus is 
adapted to pass as Will be explained. Casings 
i5 and 6 are shown as secured together through 
antalularly disposed ribs 78 which should be of 
Such design as to avoid offering undesirable re 
sistance to the flow of air through passage 77. 
To lubricate the swash plate and its asso 

ciatedrnoving parts, head member 40 may be pro 
Wided at 80 with an inlet for lubricant, which 
may be SEpplied from the main engine pump, this 
intet connecting with an annular conduit 8 from 
which lubricant may be jetted to the bearing 
Starfaces of the slaint as shown by arrow 85 in 
Fig. 1. An oil outlet 82 is provided in casing 5 
and may be attached to a scavenge pump on the 
malna englare. 
When the apparatus is operated as described, 

each piston Williaake one complete reciprocatory 
Cycle for each 360° of rotation of the swash plate, 
and during each half of its cycle it will act to force 
the air or other working fluid out, through the 
port at the cylinder head towards which it is 
moving and simultaneously to exert, suction en 
the port at the opposite cylinder head. The in 
Vertion accordingly provides valve means for 
controlling the passage of fluid through these 
ports, and the embodiment thereof shown in Figs, 
1 to 3 liltilizes rotary valves operating to direct 
the output of each cylinder through ports into 
central passage 65 on both strokes of the piston 
and also to provide for conninication from in 
take Openings 33 to the ports whereon the pistons 
are-exerting suction. 
The valve means for control of intake to and 

discharge from cylinder 26 comprises a pair of 
generally cylindrical valve members 100 and 0. 
mounted on tube member 60 and provided with a 
cylindrical spacing piece 2. As illustrated, 
these valve members are identical and member 
00 is shown in clearer detail in Fig. 5. The outer 
ead of tube 6 is closed by a disk f3 bolted to 
valve member of, thus closing this end of pas 
Sage 66. Walve member 90 is provided with a 
radially extending projection 05 which is adapted 
for close engagement with the inner surface of 
inner cylinder Wall 23) and includes a slot fos 
adapted to register with port openings 35 in wall 
20, and tube 60 is similarly provided with slots 
0 adapted to register with slot 106. These 

Slots Serve to provide for discharge into passage 
66 from each of cylinders 26 in rotation as the 
Valve rotates, and the circumferential length of 
slot 66 depends upon the discharge pressure duty 
of the machine. Valve member 0 is provided 
With a similar radially extending projection ff) 
having a similar discharge slot, if therein 
adapted to register with ports 42 in cylinder wall 
2 and slots 2 in tube 39. In assembling the 
apparatus, Valve members 69 and 8 f will be so 
positioned that the projections 95 and fig Will 

6.5 lie approximately opposite each other with the 
slots -06 and approximately at 180° rotation 
from each other. This construction leaves a 
Space 5 which is annular adjacent spacing piece 
fo2 and partially annular adjacent the projec 

may connect with an outer hub which in turn 70 tions 05 and 9 and which connects through 
II)ay be Splined or otherwise placed in driving 
connection with the Swash plate. 

Drive shaft leads to a suitable source of 
Inotive power, not shown, such as an engine with 

head member 3) With the intake passages 33, 
thus providing for direct intake to each of cylin 
iders 26 when the ports 35 and 42 are left open 
by rotation of valve members fog and foi with 

in the casing shown fragmentarily at 75. The 75 respect to cylinder wall 20. 
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With the valve structure as above described 
and shown, communication is provided between 
certain of cylinders 26 and the intake passages 33 
through space 5 and ports 35 and 42, and be 
tween others of cylinders 26 and central paSSage 
66 through slots 5 and ports 35 and through 
slot and ports 42. Accordingly, the valve 
members 0 0 and Of are so designed and con 
structed and so secured to tube 60 for properly 
timed rotation with Swash plate 55, that there Will 
be open communication between central passage 
66 and the end ports of the cylinder 26 towards 
which the piston 5 therein is moving and open 
communication between the intake passages and 
the other end ports, i. e., the ports which the 
piston is moving away from and thus exerting 
suction on, Thus in FigS. 1 and 2 it is aSSumed 
that shaft is rotating in clockwise direction as 
viewed in Fig. 3, with the piston 50 in cylinder 
26a at the top in these views shown in approxi 
mately axially inner dead center position. The 
remaining pistons will therefore be at various 
positions between inner and outer dead center, 
as is indicated in Fig. 2 by showing in elevation 
the two pistons in cylinders 26b and 26c adjacent 
the uppermost piston, since these pistons will be 
at the right of the section line 2-2 in the posi 
tion shown in Fig. 1, and the two pistons 26d and 
26e in Fig. 2 will be out beyond this section line 
2-2 in Fig. 1 so that only their piston rods 52 
show in Fig. 2. 
The operation of valve members 30 and 0 in 

controlling intake and discharge in the operation 
of the apparatus is shown most clearly in Fig. 3, 
wherein tube 60 and the valve members carried 
thereby are assumed to be rotating in clockwise 
direction. With the parts as shown in Fig. 3, 
the portion of the projection fo5 including the 
trailing edge of slot 96 is shown as closing the 
port 42 from the uppermost cylinder 26a, which 
coincides With the view in Fig. 1 showing the 
piston 5 in this uppermost cylinder as being at 
substantially dead center position. At the same 
time, slot S is in register with the ports 42 of 
cylinders 26b and 26c, and it will accordingly be 
understood that the output from these cylinders 
passes through slot 6 and slots OT into the 
central passage 66. Also, in order to accommo 
date changes in discharge preSSure during oper 
ation, the leading edge of slot 96 is formed with 
a member 6 hinged at t to the adjacent por 
tion of projection (5. This construction per 
mits member 16 topivot inwardly if the pressure 
Within cylinder 26d becomes too great and so 
permits the cylinder to begin its discharge to cen 
tral passage 66 before slot 06 is fully in register 
with the port 52 of the cylinder. Member 6 is 
also shown as provided with a suitable counter 
weight portion 8 and a pin and slot unit 9 
serving as a stop to limit its pivotal movement. 
In Fig. 3, port 62 of cylinder 26e is shown as 

closed similarly to cylinder 26a, by the leading por 
tion of projection 5. This cylinder 26e Will be 
the next in rotation after cylinder 26d to dis 
charge to central passage 66 as valve member 90 
continues to rotate. The ports 42 of cylinders 
26f, 26g, 26h and 26i are all shown as open to the 
passage 5 between the valve structure and cylin 
der Wall 2, so that these ports 42 are serving as 
intake ports for these cylinders, with the air en 
tering from intake passages 33 and annular 
passage 5. Fig. 3 also shows in dotted lines the 
position of slot if in the projection 0 on valve 
member f), and as shown, this slot is in register 
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Thus these three cylinders will be discharging to 
central passage 66 through their outer end ports 
at the same time that cylinders 26b, 26c and 26d 
discharge through their inner end ports, and as 
explained, these cylinders 26f, 26g and 26h to 
gether with cylinder 26i will at the same time be 
taking in air through their inner end ports as 
shown in Fig. 3. 
As has already been pointed out, the invention 

makes practical the use of a double ended struc 
ture having a separate set of cylinders at each 
end of the apparatus with the centrally positioned 
Swash plate operative to reciprocate the pistons 
of both sets of cylinders. The right hand portion 
of Fig. 1 illustrates such a construction, and the 
component parts thereof are to a considerable 
extent duplicates in structure and function of the 
corresponding parts already described in connec 
tion with the structure shown in the left in Fig. 
1. Such parts are accordingly designated in Fig. 
1 by reference characters produced by adding 100 
to the reference character of the corresponding 
part at the left hand portion of the structure 
shown in Fig. 1, and specific description thereof 
is accordingly believed to be unnecessary. 
Some structural modification of certain of the 

elements at the right in Fig. 1 is called for to 
provide for the discharge at this end of the appa 
ratus and for convenient attachment to casing 
members 5 and 76. As shown, the member 30, 
which provides the outer heads for cylinders 26, 
is open at its outer end f3 corresponding to the 
closed end 3 of head member 30, and this open 
ing is surrounded by an enlarged flange portion 
37 to provide for convenient attachment, as by 

bolting, to casing member 76. Casing 76 is also 
provided as shown with an outer annular flange 
39 adapted for bolting to the outer periphery 

of head member 30, and suitable apertures 39 
are provided in this flange for the discharge of 
the air or other coolant utilized for cooling radial 
cylinder walls 25 through passages 27 and 44 
as indicated by arrows 47. 
The valve means for cylinders 26 are similar 

in construction, function and operation to the 
Valve means for cylinders 26 just described. Walve 
member 200 may be identical in construction with 
Valve members 00 and O, but valve member 
20 is somewhat modified in structure to provide 
for the desired discharge from the outer end of 
central passage 66. As shown in Fig. 1, valve 
member 20 includes an annular flange portion 
203 which extends through cylinder head 30 and 
engages the inner rim of outer end 3 of head 
3 adjacent casing 76. Spacing piece 292 is sub 

stantially the same as the corresponding member 
f2 at the opposite end of the apparatus, and it 
and the two valve members 200 and 20? are simi 
larly carried by tube member 60, which includes 
slots registering with the slots in the projections 
205 and 20 on valve members 200 and 20 in the 
Same manner as explained in connection with 
the other valve members, these slots 22 for the 
Outer end ports being shown in Fig. 1. Otherwise 
the construction at the right hand end of the 
apparatus as shown in Fig. 1 and its operation 
are substantially the same as that already de 
Scribed in connection with the opposite end of the 
apparatus, and no further detailed description is 
believed necessary. 
The above construction provides a variety of 

advantageous features of the invention in addi 
tion to those already pointed out. In operation, 
for each 360 of rotation of the main shaft and 

with the ports 35 of cylinders 26f, 26g, and 26h. 75 Swash plate, each piston will displace approxi 
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mately twice; the volume of its cylinder, and this 
output, will all be delivered to the common central. 
passage 66 and thence to passage it. The total 
output of the apparatus, will accordingly be closely 
proportional to, the speed at which the shaft and 
swash plate are driven. In this connection, it 
should be aoted that this apparatus, is readily 
adaptable, for connection to Sot:yces of pressure 
fluid other than the outside atmosphere, Such 
connections merely requiring mechanical modifier 
cation of the intake and discharge passages. For 
example, the apparatus, is highly satisfactory for 
use in an airplane, in which the rain effect, in 
flight will serve to, increase, the pressure at which 
air is supplied to the intake passages. This same 
ram effect will also be useful for directing air as 
described into the intake passages 44; and 44 for 
coolant to be transmitted to the passages 27 and 
27 in radial cylinder wall; 25 and 25. It, should 

also be noted that, the directions of intake and 
discharge of the apparatus can be readily re 
versed by simple Fotational and functional adr 
justmeats Of the rotary Valve members. The 
swash plate coastruction for reciprocating, the 
pistols offers further advantages of Overall corn 
pactness, light weight, simplicity of manufacture 
and efficiency in operation, and in addition it can 
readily be made of sufficient mass for accurately 
balancing the reciprocating members. 

Figs. 6, to 8, illustiate, packing means found sat 
isfactory for providing tight sealing between the 
sides of each of the pistons shown in Figs. 1 to 3 
and taeinaer Walls of the cylinder wherein each 
of Said, pistolas reciprocates. In Figs. 6 to 8, pis 
to 240 has each of its sides grooved to receive 
packing material, there being two such grooves 
24, in the outer and igner piston sides spaced 
axially. With respect to each other and a single 
groove iá2 in the plane piston. Sides, this groove. 
243 being Spaced axially, Substantially internaedi 
ate, grooves. 24. Facking members. 243, 244 and 
245 of suitable material are adapted to engage in 
these grooves and are formed, as shown particu 
larly in FigS. and 8, so that, the portions thereof 
adapted for engagement in each individual groove 
in the piston. Overlap at their ends to provide in 
creased packing material at each corner where 
leakage. Would be most likely to occur. Each 
groove. 24, and 242 also has mounted therein a 
sinuous metal Spring 246 between the inner wall 
of the groove and the packing material, these 
Springs, being operative to urge the packing ma 
terial outwardly from the slot into yielding en 
gagenerat, with, the adjacent cylinder wall to in 
crease the tightness, of packing. 

Fig. 9, shows a modified form of the packing 
means shown in Eigs, 6 to 8. In Fig. 9, piston. 
247 has only a single groove in each side thereof, 
but these grooves, are axially spaced with respect 
to each other and packing members, 243, and 249 
which overlap at the corners in the same man 
ner as in the construction shown in Figs, 6, to 8. 
Tt will be seen that this arrangement, also. pro 
Wides for increased thickness of packing material 
at each corner of the piston as opposed to the 
amount of packing material along the sides, 
Sir lots. Springs such as those shown at 246 in 
Fig. 6 may also be used with the construction 
shown in Fig. 9 to urge the packing material 
into the desired yielding engagement with the 
adjacent cylinder walls. 

Fig. 10 ilustrates a bloWer or compressor hav 
ing strictural and operational features, alii ad 
vantages similar to those just described in cora 
nection, with Figs, to 3 but embodying a modified 
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structure including a, plurality of automatic pop 
pet or plate type valves instead of rotary valves. 
sucht as; are shown in Figs. 1 to, 3. In Fig. 10, 
inner and outer circular walls 250 and 25, form: 
aia annular cylinder chamber which may be 
separated by radial, walls as described in con 
nection with Figs. to 3 into a plurality of par 
allel cylinders, 252, arranged about a hollow ceni 
tral passage. 253, equivalent to passage. 66 in Fig. 1. 
Pistoia, 254 corresponds to; pistons. 50 and is simir 
ilarly mgurated on piston rod 255 for reciprocating 
agweinaeini, parallel to the axis; of passage. 253. 
Fistoa rod, 255, is mounted by means of bushing 
256 for sliding naovement, in an annular member: 
257 and is actuated through bridge 258, slipper 
bearings, 259, and swash plate. 269, the latter being 
shown as mounted for rotation with hollow shaft 
26 supported in bearings, 262 carried by a suit 
able seat 263 provided by an in aer rina portion, 
of member 257. The clearance between the slant 
shaft, and member 25 is exaggerated in Fig. 10 
for clarity, but, in practice it may be only of the: 
order of a few thousanths of an inch. If neces 
say ahore; elaborate labyrinthiae; packings, may 

, be employed. 
Member 25 is shown as having in cross-section 

the general configuration of a pair of annular 
concentric channel menabers and provides an anr 
nular chamber 264 opening inwardly into, central 
passage: 253, and a second annular chamber 265 
open to, the outside atmosphere. Member 25 
also provides; the axially ilanet end Wall fo each 
cylinder 252, this wall being provided with intake 
at d discharge passages. 266 and 267, respective 
ly, which, are in turn controlled by suitable pop 
pet valves, 268 and 269. Intake passages 266. 
communicate with chamber 265 and thence. With 
the outer atmosphere, and this, chanaber is also 
shown, as provided with a screen 2 for preveatre. 
ing dirt, particles and the like from being drawn 
into the apparatus. Intake. Valve 268, is mounted 
on valve stem. 27 for sliding (alovenaent. With 
respect to intake, passages 266 and is controlled 
by a suitable coil spring 272 nonially urging it 
to closed position. Discharge Valve 269 is 
mounted for sliding movement, on Valve stem 
213 carried by member 257 and is similarly nor 
mally urged to closed position by coil spring 254. 
The axially outer end wall for each cylinder 

252 is formed by a member 25, which includes 
a central chamber 26 connecting directly with 
central passage 253, and an annular outer chan 
ber 27 open to the atmosphere and shown as 
provided with a cover sereen 23 similar to screen 
270. Member 275 is provided with intake and 
discharge passages 29, and 280 for each cylinder 
252 controlled by poppet valves 28 and 282 re 

sectively. Intake passages. 219 open into all 
nular chamber 277, and valve. 28, is mounted 
on valve stem 283 for sliding movement in Wardly 
against spring, 284. Discharge passages 280 open 
into central chamber 26 of member 25, and 
thence into central passage 253, and valve 282 
is accordingly mounted for sliding movement on 
stem 285 against spring 286. 
With the construction as described and shown 

in Fig. 10, as each piston 254 reciprocates in its 
cylinder 252, a cycle of intake and discharge sim 
ilar to that described in connection, with Figs... 1 
to 3, will take place. Thus with piston 254 in 
the position shown in Fig. 10, discharge valve 282 
at, the outer end of cylinder 252 will be open as 
shown trader pressure from the: piston to permit 
passage of fluid from, withia, the cylinder into 
chamber 276 and thence to central passage 253, 
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and intake valve 28 will be forced shut under. 
the pressure from the piston. At the same time, 
the suction behind the piston Will have resulted 
in drawing intake valve 268 open against its 
spring as shown to draw in air through channel 
265, while the discharge valve 269 at the inner 
end of the cylinder has been held shut by this 
same suction effect from the piston. As SWash 
plate 260 rotates from the position shown in Fig. 
10, piston 25 Will reverse its stroke and the re 
Verse operation of valves Will take place, with 
waives 269 and 28 Opening and valves 268 and 
282 being held closed until the piston reaches the 
end of its in Ward stroke and again begins it out 
Ward stroke. It will be understood that the 
structure shown in Fig. 10 may have a plurality 
of cylinders and pistons as described in connec 
tion with Figs. 1 to 3, including a second plurality 
of cylinders on the opposite side axially of Swash 
plate 260, so that the net effect will be closely 
Comparable to that in Connection. With that shown 
in FigS. 1 to 3. With this construction, the dis 
charge from the cylinders passes through the 
center of the machine and through the central 
boss of the slant member towards the end at 
Which discharge is desired as With the apparatus 
shown in Fig. 1. The packing means shown in 
Figs. 6 to 9 are also applicable to pistons 254 
in the structure shown in Fig. 10. 
While the forms of apparatus herein described 

Constitute preferred embodiments of the inven 
tion, it is to be understood that the invention 
is not limited to these precise forms of appara 
tus, and that changes may be made therein with 
Out, departing from the Scope of the invention 
which is defined in the appended claims. 
What is claimed is: 
1. In a positive displacement pumping appara 

tus of the character described, the combination 
of inner and outer circular Wall members of dif 
ferent diameters concentrically arranged and 
forming an annular cylinder chamber about a 
Central paSSage, Wall members radially arranged 
in Said annular chamber and separating said 
chamber into a plurality of parallel cylinders cir 
cumferentially arranged about said central pas 
Sage, each of Said cylinders having in transverse 
Section the general configuration of a sector of 
a circular annulus, a piston mounted in each of 
Said cylinders for reciprocating movement par 
allel to said central passage, each said piston 
being substantially complementary in shape to 
the cylinder wherein it is mounted, and means 
for imparting reciprocating movement to said 
pistons. - 

2. In a positive displacement pumping appara 
tus of the character described, the combination 
of inner and outer circular wall members of dif 
ferent diameters concentrically arranged and 
forming an annular cylinder chamber about a 
central passage, Wall members radially arranged 
in Said annular chamber and separating said 
chamber into a plurality of parallel cylinders cir 
cumferentially arranged about said central pas 
Sage, each of Said cylinders having in transverse 
Section the general configuration of a sector of 
a circular annulus, a piston mounted in each of 
said cylinders for reciprocating movement par 
allel to Said central passage, each said piston 
being Substantially complementary in shape to 
the cylinder wherein it is mounted, port means 
providing communication between each of said 
cylinders and said central passage, and between 
each of Said cylinders and the exterior of said 
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12 
movement to said pistons, and valve means for 
controlling said port means to establish proper 
pumping relation in accordance With the direc 
tion of motion of Said pistOns. 

3. In a pOSitive diSplacement pUmping appara 
tus of the character described, the combination 
of inner and outer circular Wall members of dif 
ferent diameters concentrically arranged and 
forming an annular cylinder chamber about a 
central passage, Wall members radially arranged 
in said annular chamber and separating said 
chamber into a plurality of parallel cylinders cir 
cumferentially arranged about said central pas 
Sage, each of Said cylinders having in transverse 
section the general configuration of a sector of 
a circular annulus, a piston mounted in each of 
said cylinders for reciprocating movement par 
allel to said central passage, each said piston 
being substantially complementary in shape to 
the cylinder wherein it is mounted, port means 
adjacent each end of each of said cylinders, 
means providing Communication between said 
port means and Said central passage, means pro 
viding communication between said port means 
and the exterior of Said apparatus, means for 
imparting reciprocating movement to said pis 
tons, and means including valve means for con 
trolling communication to and from said port 
means to establish proper pumping relation in 
accordance With the direction of motion of said 
piston. 

4. In a positive displacement pumping appara 
tus of the character described, the combination 
of inner and outer circular Wall members of dif 
ferent diameters concentrically arranged and 
forming an annular cylinder chamber about a 
central passage, wall members radially arranged 
in Said annular chamber and Separating said 
chamber into a plurality of parallel cylinders 
circumferentially arranged about said central 
paSSage, each of Said cylinders having in trans 
verse Section the general configuration of a sec 
tor of a circular annulus, a piston mounted in 
each of Said cylinders for reciprocating move 
ment parallel to Said central passage, each said 
piston being Substantially complementary in 
shape to the cylinder wherein it is mounted, port 
means adjacent each end of each of said cylin 
ders, means proViding communication between 
Said port means and Said central passage, means 
providing comunication between said port means 
and the exterior of said apparatus, means for 
imparting reciprocating movement to said pis 
tons, and means including valve means for con 
trolling Said port means to open communication 
between Said central passage and the end port of 
each cylinder toward which the piston therein is 
moving and substantially simultaneously to close 
communication between said central passage and 
the other end port of each said cylinder. 

5. In a positive displacement pumping appara 
tus of the character described, the combination 
of inner and outer circular wall members of dif 
ferent diameters concentrically arranged and 
forming an annular cylinder chamber about a 
central paSSage, Wall members radially arranged 
in Said annular chamber and separating said 
chamber into a plurality of parallel cylinders cir 
cumferentially arranged about said central pas 
Sage, each of Said cylinders having in transverse 
Section the general configuration of a sector of a 
circular annulus, a piston mounted in each of 
said cylinders for reciprocating movement paral 
lel to Said central passage, each said piston being apparatus, means for imparting reciprocating 75 substantially complementary in shape to the cyl 
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irider wherein it, is mounted, port means, adjacent 
each end of each of said cylinders, means pro 
viding communication between Said port means 
and Said central passage, means, including a ro 
tary member for imparting reciprocating nove 
ment to said pistons, in rotational sequence, and 
means actuated by said rotary member and in 
cluding valve means for eontrolling Said port 
means operative to open comunication between 
said central passage and the end port of each 
cylinder toward which the piston therein is mov 
ing, Substantially simultaneously to close Commu 
nication between said central passage and the 
other end port in each Said cylinder and Open 
communication between said other end port and 
an intake passage, and to reverse. Said operations 
when the direction of piston motion is reversed. 

6. In a positive displacement pumping appara 
tus of the character described, the combination 
of inner and Cuterº circular Wall members of dif 
ferent diameters concentically arranged and 
forming an annular cylinder chamber about a 
eentral p3.SSage, Wall members radially arranged 
in said annular chamber and separating said 
chaniber into a plurality of parallel cylinders cir 
CUIE?ferentially arranged about. Said central paS 
sage, each of Said cylinders having in transverse 
Section the general configuration of a sector of 
a circa anFªtitüs, means providing in each of 
Said radial walls a plurality of passages for cool 
ant Stabstantially parale to said central passage, 
means providing ports for intake and discharge 
of coolant at opposite ends of Said paSSages, a pis 
tion mounted in each of said cylinders for recipro 
cating movement parallel to said central passage, 
each said piston being Substantially complemen 
tary in shape to the cylinder wherein it is mount 
ed, and means for in parting reciprocating move 
ment to. Said pistons. 

7. In a positive displacement pumping appara 
tus of the character described, the combination 
cf inter and Cuter circular Wall members of dif. 
ferent diameters concentrically arranged and 
foliming an annular cylinder chamber about a 
central passage, wall members radially arranged : 
in Said annular chamber and Separating said 
chamber into a plurality of parallel cylinders cir 
cumferentially arranged about said centrali pas 
Saga, Gagh Said Cylinder having in transverse Sec 
tion the general configuration of a sector of a cir 
cular annulus, means providing in each of Said 
radial walls a plurality of passages for coolant 
substantially parallel to said central passage, 
reans roviding ports for intake and discharge 
of coolant at opposite ends of Said passages, a 
piston nounted in each said cylinder for recipro 
eating movement parallel to said central passage, 
each said pistor being substantially complemen 
tary in shape to the cylinder wherein it is mount 
ed., a, SYash plate mounted for rotation with a 
Shaft substantially coaxial with Said central pas 
sage, a piston rod fixedly connected with each of 
said pistons, a bridge member fixedly connected 
with each said piston rod and including portions 
adapted to embrace said Swash plate, means for 
rotating said Swash plate to impart reciprocating 
notion to said pistons, each said piston coacting 
With its adjacent cylinder walls to prevent rota 
tion of Said bridge means, port means providing 
communication between each of Said cylinders 
and said central passage and between each of said 
cylinders and the outside atmosphere, and means 
for controlling said port, means to establish prop 
er pUNaping relation in accordance with the direa 
tien of motion of Said pistons. 
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8. In a positive displacement pumping appara 

tus of the character described, the combination 
of inner and Outer circular Wall members of dif 
ferent diameters concentrically arranged and 
forming an annular cylinder chamber about a 
central passage, Wall members radially arranged 
in said annular chamber and separating said 
elhamber into a plurality of parallel cylinders cir 
cumferentially arranged about said central pas 
sage, each of said cylinders having in transverse 
section the general configuration of a sector of 
a circular annulus, a piston mounted in each of 
said cylinders for reciprocating movement paral 
lel to said central passage, each said piston be 
ing substantially complementary in shape to the 
cylinder wherein it is mounted, means providing 
Substantially air-tight engagement between the 
periphery of each said piston and the inner walls 
of the cylinder wherein it is mounted and includ 
ing packing means positioned in a groove in each 
side of each said piston and yieldable means urg 
ing said packing means into contact with the 
adjacent cylinder wall, and means for imparting 
reciprocating movement to Said pistons. 

9. In a positive displacement pumping ap 
paratus of the character described, the combina 
tion of inner and Outer circular Wall members 
of different diameters concentrically arranged 
and forming an annular cylinder chamber about 
a central passage, Wall members radially ar 
ranged in Said annular chamber and separating 
said chamber into a plurality of parallel cylin 
ders circumferentially arranged about said cen 
tral passage, each of said cylinders having in 
transverse section the general configuration of a 
Sector of a circular annulus, a piston riolunted 
in each of said cylinders for reciprocating nove 
ment parallel to said central passage, each said 
piston being substantially complementary in 
shape to the cylinder wherein it is mounted, 
meanS; prO'Viding a grCOVe in each Side Of each 
said piston, a packing member mounted in each 
Said groove, sinuous Spring means positioned in 
each said groove between the inner wall thereof 
and the packing member therein and Operative 
to urge said packing member into yielding en 
gagement with the adjacent Wall of said cylin 
der, and means for imparting reciprocating 
movement to said pistons. 

10. In a positive displacement pumping ap 
paratus of the character described, the combina 
tion of inner and Outer circular wall members of 
different diameters concentrically arranged and 
forning an annular cylinder channber about a 
central paSSage, Wall members radially arranged 
in said annular chamber and separating said 
chamber into a plurality of parallel cylinders 
circumferentially arranged about said central 
passage, each of Said cylinders having in trans 
Verse section the general configuration of a sec 
tor of a circular annulus, a piston mounted in 
each of said cylinders for reciprocating nove 
ment parallel to said central passage, each said 
piston being Substantially complementary in 
shape to the cylinder wherein it is mounted, 
means providing a groove in each side of each 
said piston, the grooves in adjacent piston sides 
being spaced axially With respect to each other 
and overlapping at their adjacent ends, a pack 
ing member mounted in each said groove with 
the ends thereof Overlapping the adjacent ends 
of the packing members in adjacent grooves and 
providing increased packing material at each 
corner of Said piston, yieldable means positioned 
in each said groove between the inner wall 
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thereof and the packing member therein and op 
erative to urge said packing member into yield 
ing engagement With the adjacent Wall of said 
cylinder and means for imparting reciprocating 
movement to said pistons. 

11. In a positive displacement pumping ap 
paratus of the character described, the combina 
tion of inner and outer circular wall members of 
different diameters concentrically arranged and 
forming an annular cylinder chamber about a 
central passage, wall members radially arranged 
in said annular chamber and separating said 
chamber into a plurality of parallel cylinders 
circumferentially arranged about said central 
passage, each of Said cylinders having in trans 
verse section the general configuration of a Sec 
tor of a circular annulus, a piston mounted in 
each of said cylinders for reciprocating movement 
parallel to said central passage, each said piston 
being substantially complementary in shape to 
the cylinder wherein it is mounted, a swash plate 
mounted for rotation about an axis substantially 
colinear with the axis of said central passage, 
bridge means providing a reciprocable connection 
between each of said pistons and said Swash 
plate, said bridge means being fixedly connected 
to each said piston, and means for rotating said 
swash plate to impart reciprocating motion to 
said pistons, each said piston coacting with its 
adjacent cylinder walls to prevent rotation of 
said bridge means. 

12. In a positive displacement pumping ap 
paratus of the character described, the combina 
tion of inner and outer circular wall members of 
different diameters concentrically arranged and 
forming an annular cylinder chamber about a 
central passage, wall members radially arranged 
in said annular chamber and separating Said 
chamber into a plurality of parallel cylinders cir 
cumferentially arranged about said central pas 
sage, each said cylinder having in transverse Sec 
tion the general configuration of a sector of a 
circular annulus, a piston mounted in each Said 
cylinder for reciprocating movement parallel to 
said central passage, each said piston being Sub 
stantially complementary in shape to the cyl 
inder wherein it is mounted, a SWash plate 
mounted for rotation with a shaft Substantially 
coaxial with said central passage, a piston rod 
fixedly connected with each of Said pistons, a 
bridge member fixedly connected with each said 
piston rod and including portions adapted to em 
brace said swash plate, means for rotating Said 
swash plate to impart reciprocating motion to 
said pistons, each said piston coacting with its 
adjacent cylinder walls to prevent rotation of 
said bridge means, port means providing con 
munication between each of Said cylinders and 
said central passage and between each of Said 
cylinders and the outside atmosphere, and means 
for controlling said port means to establish proper 
pumping relation in accordance With the direc 
tion of motion of Said pistons. 

13. In a positive displacement pumping ap 
paratus of the character described, the combina 
tion of inner and Outer circular Wall members of 
different diameters concentrically arranged and 
forming two parallel annular cylinder chambers 
about a central passage and Spaced axially from 
each other, wall members radially arranged in 
each said annular chamber and separating said 
chambers into two groups of parallel cylinders 
circumferentially arranged about said central 
passage, each Said cylinder having in transverse 
section the general configuration of a Sector of a 
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16 
circular annulus, a piston mounted in each said 
cylinder for reciprocating movement parallel to 
said central passage, each said piston being Sub 
stantially complementary in shape to the cyl 
inder wherein it is mounted, a SWash plate 
mounted for rotation with a shaft substantially 
coaxial with said central paSSage and extending 
outwardly into said space between said cylinder 
chambers, means including a piston rod and a 
bridge providing a connection between each pis 
ton in one said group of cylinders and a piston 
in the other said group of cylinders, each bridge 
includingportions constructed for embracing con 
tact with said swash plate, means for rotating 
said SWash plate to impart reciprocating move 
ment to said pistons, port means providing Com 
munication between each said cylinder and said 
central passage and between each said cylinder 
and the Outside atmoSphere, and valve means for 
controlling said port means to establish proper 
pumping relation in accordance with the direc 
tion of motion of Said pistons. 

14. In a positive displacement pumping ap 
paratus of the character described, the combina 
tion of inner and outer circular Wall members of 
different diameters concentrically arranged and 
forming two parallel annular cylinder chambers 
about a central passage and spaced axially from 
each other, Wall members radially arranged in 
each said annular chamber and separating said 
chambers into two groups of parallel cylinders 
circumferentially arranged about said central 
passage, each said cylinder having in transverse 
Section the general configuration of a sector of a 
circular annulus, a piston mounted in each said 
cylinder for reciprocating movement parallel to 
said central passage, each said piston being Sub 
stantially complementary in shape to the cyl 
inder Wherein it is mounted, a Swash plate 
mounted for rotation with a shaft substantially 
coaxial with said central passage and extending 
OutWardly into said space between said cylinder 
chambers, Said swash plate being provided with 
a passage therethrough adjacent its center and 
coinciding with said central passage, means in 
cluding a piston rod and a bridge providing a 
connection between each piston in one said group 
of cylinders and a piston in the other said group 
of cylinders, each bridge including portions con 
structed for embracing contact with said swash 
plate, means for rotating Said swash plate to im 
part reciprocating movement to said pistons, port 
means providing communication between each 
said cylinder and said central passage and be 
tWeen each said cylinder and the outside atmos 
phere, and valve means controlling said port 
means and operative in accordance with the di 
rection of motion of said pistons to direct sub 
stantially the entire output of said cylinders into 
said central passage and to one end of said pas 
Sage and apparatus. 

15. In a positive displacement pumping 
apparatus of the character described, the com 
bination of inner and outer circular wall members 
of different diameters concentrically arranged 
and forming tWO parallel annular cylinder cham 
bers about a central paSSage and spaced axially 
from each other, circumferentially spaced wall 
memberS radially arranged in each said annular 
chamber and separating said chamber into two 
groups of parallel cylinders circumferentially 
arranged about said central passage, each said 
cylinder having in transverse section the general 
configuration of a sector of a circular annulus, 
a piston mounted in each said cylinder for 
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reciprocating movement parallel to Said central 
passage, each said piston being Substantially 
complementary in shape to the cylinder Wherein 
it is mounted, a swash plate mounted for rota 
tion with a shaft substantially coaxial With said 
central passage and extending outwardly into 
said space between said cylinder chambers, 
lineans including a piston rod and a bridge pro 
viding a connection between each piston in one 
said group of cylinders and a piston in the other 
said group of cylinders, each bridge including 
portions constructed for embracing contact with 
said swash plate, means for rotating said Swash 
plate to inpart reciprocating novement to said 
pistons, poit means adjacent each end of each 
Said cylinder, means providing communication 
between said port means and said central passage 
and between said port lineans and the outside 
atmosphere, and rotary valve means mounted 
for rotation with said Swash plate for controlling 
said port means and operative to open com 
munication between said central passage and the 
end port of each cylinder toward which the piston 
therein is moving, substantially simultaneously 
to close communication between said central 
passage and the other end port in each said 
cylinder and Open Communication between said 
other end port and an intake passage, and to 
reverse Said operations when the direction of 
piston motion is reversed, 

16. In a positive displacement pumping 
apparatus of the character described, the com 
bination of inner and outer circular wall members 
of different diameters concentrically arranged 
and forming tWO parallel annular cylinder cham 
bers about a central passage and spaced axially 
from each other, wall members radially arranged 
in each said annular chamber and separating 
said chambers into two groups of parallel cylin 
ders circumferentially arranged about said cen 
tral passage, each said cylinder having in trans 
verse Section the general configuration of a 
Sector of a circular annulus, a piston mounted in 
each Said cylinder for reciprocating movement 
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parallel to said central paSSage, each said piston 
being substantially complementary in shape to 
the cylinder wherein it is mounted, means pro 
viding a groove in each side of each said piston, 
a packing member mounted in each said groove, 
Sinuous Spring means positioned in each said 
groove between the inner wall thereof and the 
packing member therein and operative to urge 
said packing member into yielding engagement 
with the adjacent cylinder wall, a swash plate 
mounted for rotation with a shaft substantially 
coaxial With said central passage and extending 
Outwardly into Said space between said cylinder 
chambers, means including a piston rod and a 
bridge providing a connection between each 
piston in One said group of cylinders and a piston 
in the other said group of cylinders, each bridge 
including portions constructed for embracing 
contact with said Swash plate, means for rotat 
ing said swash plate to impart reciprocating 
movement to Said pistons, each piston coacting 
With said packing means and the adjacent cylin 
der Walls to prevent rotation of the bridge con 
nected therewith, port means providing com 
munication between each said cylinder and said 
central passage and between each said cylinder 
and the outside atmosphere, and valve means for 
controlling said port means to establish proper 
pumping relation in accordance with the direc 
tion of motion of said pistons. 

THOMAS L. SHERMAN. 
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