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UNITED STATES PATENT OFFICE 
2,500,143 

ROTARY ABUTMENT COMPREssoR 
Arnold E. Biermann, Rocky River, Ohio 

Application September 26, 1946, Serial No. 699,457 
(CI. 230-50) 19 Claims. 

This invention relates to a fluid compressor or 
power generating fluid engine of the rotary 

ype. 
More particularly, this invention relates to an 

improved form of rotary fiuid compressor or en 
gine of the type wherein a rotor element co 
operates with a stator element to define an an 
nular chamber and helical vanes are mounted on 
the rotor element to traverse such chamber and 
to co-operate with the slots of peripherally slot 
ted barrier members mounted on the stator ele 
ment to define compartments variable in volume 
as the rotor rotates relative to the stator. As to 
certain features, this application constitutes a 
Continuation-in-part of my copending application 
Serial No. 424,335, filed December 24, 1941, now 
Patent No. 2,411,707, issued November 26, 1946. 

It is an object of this invention to provide an 
improved compressor or fluid operated engine 
characterized by unusual simplicity and ease of 
manufacture of its components and by the high 
efficiency and unusual performance character 
istics of its operation. 
A further object of this invention is to provide 

an improved rotary compressor of the general 
class referred to above, wherein the rotor element 
of the compressor Surrounds the stator element to 
define an annular chamber there with and the 
rotary barrier of abutment members are mounted 
in recesses in the stator periphery. This con 
struction permits of a direct gear drive between 
the rotor shaft and the rotary abutments and 
has the further advantage of Substantially de 
creasing the over-all size of the machine over 
constructions heretofore known for a given voi 
lume of the annular displacement chamber. 
A particular object of this invention is to pro 

vide an improved stator construction for a rotary 
compressor or fluid engine wherein the stator 
constitutes an assemblage of the central body 
portion and peripheral portions, such compo 
nents, when assembled, defining peripheral receSS 
es in the stator suitable for mounting of the 
rotary a bitment members therein. 

Still another object of this invention is to pro 
vide an improved construction for mounting the 
stator and rotor elements of a rotary compreSSOr 
or fluid engine within a housing, characterized 
by the mounting of the stator element in sur 
rounding relationship to the main power shaft 
and the further mounting of the rotor element 
in surrounding relationship to the stator element. 
A specific object of this invention is to estab 

lish, for a rotary compressor or fluid engine Cf 
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tionships between relative speeds of rotation of 
the rotor and the rotary abutments, the helical 
angle of the rotor vanes, and the number of 
rotary abutments, rotary abutment slots, and 
rotor vanes, to achieve the most desirable per 
formance characteristics at highest efficiency. 
The Specific nature of the invention as well as 

other objects and advantages thereof will become 
apparent to those skilled in the art from the foll 
lowing detailed description of the annexed sheets 
of drawings which, by way of preferred example 
only, illustrate one specific embodiment of the 
invention. 
On the drawings: 
Figure 1 is a Sectional view of an assembled 

rotary compressor embodying this invention, 
taken along a plane passing through the axis 
of the main power shaft; 

Figure 2 is a sectional view taken along the 
plane II-II of Figure 1; 

Figure 3 is an enlarged Scale Sectional view 
taken along the plane III-III of Figure 1; 

Figure 4 is an enlarged Scale Sectional view 
taken along the plane IV-IV of Figure; 

Figure 5 is a side elevational view of one half 
portion of the housing of the machine of Eig 
lure 1: 

Figure 6 is a side elevational view of the other 
half portion of the housing of the machine of 
Figure 1; 

Figure 7 is an elevational view of one of the 
slotted rotary abutment members; 

Figure 8 is an elevational view of the discharge 
port defining member; 

Figure 9 is a sectional view taken on the plane 
IX-IX of Figure 8: 
Figure 10 is an elevational view of the intake 

port defining member; 
Figure 11 is an exploded elevational view illus 

trating the major components from which the 
stator of the machine in Figure 4 is assembled; 

Figure 12 is a side elevational view of one of the 
peripheral components of the stator assembly: 

Figure 13 is a sectional view of the cen 
tral stator component taken along the plane 
XII-XIII of Figure 1: 
Figure 14 is a longitudinal sectional view of the 

sleeve element by which the stator element is 
supported in the housing: 

Figure 15 is an end elevational view of the 
sleeve element; 

Figure 16 is an elevational view, with parts 
omitted for clarity, illustrating the co-operaticia 

the above referred to class, the optimum rela- 55 of the rotor vanes, the rotary abutments, and the 
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intake port defining member, as viewed from the 
intake Side of the main power shaft; 

Figure 17 is an elevational view, with parts 
omitted for clarity, showing the relationship be 
tween the rotor vanes, the rotary abutments, and 
the exhaust port defining member as viewed fl'Orn 
the exhaust side of the main driving shaft; 

Figure 18 is an elevational view of one of the 
rotor halves; 

Figure 19 is a sectional view taken on the plane 
XIX. XIX of Figure i8; 

Figure 20 is a schematic developed view illus 
trating the operation of the machine of Figure 1; 

Figures 21 through 25 are schematic developed 
views of various rotary compressors of the class 
to which this invention relates illustrating the 

is 

4. 
11) and threadably engage in suitable holes 4 
in flange 40 (Figure 14). 
As is best shown in Figures 11, 12 and 13, 

stator element 42 comprises a circular member 
with a large axial bore 48 therethrough and 
having a circular periphery 50 which is arcuately 
shaped in cross section. Stator element 42 may 
be conveniently manufactured by utilizing a gen 
erally doughnut-shaped body portion 52 to which 
are secured a plurality of segmental peripheral 
portions 54. As will be shown, the various com 
ponents of stator element 42 are secured in as 
sembled relationship by suitable bolts 58 (Figure 

effect of various combinations of rotary abut.- ... 
ment-rotor speed ratios, helical angle of the 
vanes and number of abutments, slots and Vanes. 

: As shown on the drawings: 
In the description of the specific embodiment 

of this invention illustrated in the drawings, 
such machine will be referred to as a compressor. 
However, it will be understood by those skilled 
in the art that the principles of this invention 
are equally applicable to a fluid operated rotary 
engine for producing rotation of a power shaft 
in response to the application of fluid pressure 
to the machine. 
A rotary compressor embodying this invention 

comprises a housing 2 which may be conveniently 
formed by bolting together two half portions 2d. 
and 2b respectively by bolts 3 which pass through 
holes 5 in circular flanges 2c, provided respec 
tively adjacent the mating faces of each of the 
housing half portions. The opposed end walls 
4 and 6 of the housing 2 respectively define 
aligned bearing apertures 8 and it for a pur 
pose to be described. Each of the housing halves 
is provided with internally projecting wall por 
tions 2 which co-operate to define a pumping 
chamber 3 which is preferably concentric about 
the axis of the bearing apertures 8 and D. Wall 
portions f2 are respectively spaced inwardly 
from the end walls 4 and 6 and define therebe 
tween inlet and discharge chambers 4 and 6 
respectively. A suitable radial opening 8 is 
provided to communicate with inlet chamber 4 
and likewise a radial opening 2 communicates 
with discharge chamber 6 and permits the ma 
chine to be connected to suitable fluid conduits 
(not shown). 
A cap 22 is suitably bolted in the bearing 

aperture 8 on the inlet side of the housing 2 
and provided with a stem portion 34 having an 
axial bore 24, which receives a bolt 28. A stator 
supporting sleeve 36 surrounds stem portion 34 
and is keyed thereto by keys 38 (Fig. 4). The 
head 25 of bolt 24 engages an integral inwardly 
projecting flange 2 in the bore of stator sleeve 
36 and secures such sleeve to cap 22 against 
axial movement. 
A power shaft 26 has its one end 3 journalled 

in the inner end of sleeve 36 adjacent bolt head 
25. The other end 30 of shaft 26 projects out 
wardly through housing Wall 2 and is journaled 
in bearing aperture O by a ball bearing assembly 
32. 

Sleeve 36 is provided at its inwardly projecting 
end with a radial flange portion 40, and a stator 
element 42 as well as an inlet valve member 44 
are rigidly mounted on sleeve 36 (Figure 1) by 
a plurality of bolts 46 which pass through holes 
45 in inlet valve 44, holes 43 in stator 42 (Figure 
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l) which pass through holes 59 in an exhaust 
port defining member 58 (Figure 8) and engage 
in threaded holes 60 in stator body portion 52 and 
peripheral portions 54. 
Each of the peripheral portions 54 are iden 

tical. Along the chordai edge of peripheral por 
tions 54 at which such members are joined to 
body portion 52, the peripheral portions 54 are 
cut away as indicated at 54a, so that when as 
sembled to body portion 2, the stator element 
42 is effectively provided with oppositely extend 

25 ing, non-radial recesses 62 (Figure 2) in which 
rotary abutment members 64 may be rotatably 
mounted in a manner that will be described. 
A rotor 66 is provided which is mounted in 

the concentric chamber 3 of housing 2 in such 
manner as to co-operate with the periphery of 
stator element 42 to define an annular generally 
toroidal recess 68. Specifically, the inside con 
tour of rotor 66 is such as would be generated 
by revolution of the outer half of a rotary abut 
ment 64 about shaft 26. Rotor 66 is preferably 
formed from two half portions 66a and 66b which 
are joined by suitable bolts 8 along a radial 
plane. The rotor half portion 66d. which is dis 
posed on the inlet side of housing 2 includes a 
spider-supported, integral bearing hub portion 
66c which is secured on a bearing sleeve 70 which 
in turn freely Surrounds the external cylindrical 
Surface of stator sleeve 36. Bearing sleeve is 
rotatably journaled in bearing aperture 8 of 
housing 2 by a suitable ball bearing unit 2. The 
rotor hub portion 66c is secured onto bearing 
sleeve 70 by a nut 4. The rotor half portion 
66b which is disposed adjacent the discharge 
side of housing 2 is provided with an integral 
spider-supported hub portion 66d which is se 
cured to a bearing sleeve 76 by a nut 8 and 
keys 75. Bearing sleeve 76 is in turn keyed to 
the main power shaft, 26 by keys 77 (Figure 3). 
It should be particularly noted that the periphery 
of stator element 42 is completely enclosed by 
rotor 66 and that the rotor hub portions 68c 
‘and 66d are disposed on opposite sides of stator 
element 42. 

Lubrication of the various bearings associated 
with the shaft and rotor is accomplished in any 
Conventional manner, Such as by the provision 
of axially extending oil passages in the stator 
sleeve 36 which communicate with suitable radial 
passages to Supply lubricant to shaft 26. An 
additional ball bearing unit 3 is provided in 
the stator bore 48 to Support the central portion 
of power shaft 26 and to axially position the 
rotor 66 With respect to the stator 42. 
Secured to the inside Surface of rotor element 

66 in equispaced relationship are a plurality of 
generally helical vanes 84. Wanes 8 are of 
generally wedge-shaped cross section and dis 
posed with their wide face portion abutting the 
inner surface of rotor 66. Vanes 84 may be 
conveniently secured to rotor 66 by bolts 86 
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which pass through suitable holes in rotor 66 
and thence into threaded holes 85 in vanes 84. 
By reference to Figures 16 and 17, it will be 

seen that varies 84 are preferably of both a spiral 
and helical configuration. Each individual vane 
starts at the inlet side of the rotor and moves in 
a generally helical direction around the rotor 
for approximately 180 degrees, terminating at 
the discharge side of the rotor. In particular, 
the Vanes are of Such shape as would be gener 
ated between two surfaces of revolution when 
Such surfaces of revolution revolve in a plane 
Substantially parallel to the taxis of the rotor and 
simultaneously revolve about the axis of the rotor, 
and with the axes of Such surfaces of revolution 
angularly displaced one from the other. The 
small ends of the wedge-shaped blades thus lie 
closely adjacent to the external Surface of Stator 
element 42 and, in effect, maintain a substan 
tially sealing engagement with the stator Sur 
face to minimize leakage of fluid therethrough. 
Likewise, the internal surface of housing 2 which 
surrounds rotor SS is provided with a plurality 
of sets of sealing grooves 67 which reduce fluid 
leakage around the rotor to a negligible amount. 
As was heretofore mentioned, a plurality of 

rotary abutments 64 are mounted in the periph 
eral recesses 62 provided in stator element 42. 
The rotary abutments 64 constitute generally 
'disk-shaped barrier members which are rotatably 
mounted on shafts 88 suitably supported in 
chordal relationship in the interior of stator ele 
ment 42. The peripheral portions of rotary abut 
ments 64 traverse the annular toroid-like Space 
68 defined between rotor element 66 and stator 
element 42. To permit passage of the vanes 84 
through the rotary abutments 64, the rotary 
abutments 64 are provided with a plurality of 
radial slots 9 which are suitably shaped to 
snugly receive the vanes 84 respectively as the 
rotor rotates. 
The opposed ?edges of the slots 90 are prefer 

ably formed as an arc of a surface of revolution, 
indicated at 90a, in Figure 2, which connect with 
plane Surfaces. 90b tangent to the surfaces of 4. 
revolution 9 a. In addition, the axes of the sur 
faces of revolution. On either side of the slots are 
displaced toward the side of the rotary abut 
ments which bears an obtuse angle with respect 
to the spiral vane passing through the respective 
slot. This construction permits using similarly 
shaped milling cutters or grinding wheels in the 
manufacture of the spiral vanes. Obviously, the 
wanes must be generated by moving a cutting tool 
through the same path followed by a slot. 
As was heretofore mentioned, an inlet valve 

member 44 is secured to stator element 42 on the 
inlet side thereof while an exhaust yaive mem 
ber 58 is secured to stator element 42 on the 
exhaust side. Referring particularly to Figure 
10, it will be observed that inlet valve 44 com 
prises a hub portion 4d, which surrounds stator 
sleeve 36 and carries suitable holes 45 for the 
bolts 46 by which the inlet valve 44 and stator 
element 42 are secured to Stator sleeve 3.S. Ex- {3. 
tending from hub portion 44d are arm portions 
44b which support arcuate segment portions 44c 
which co-operate with the wanes 84 to provide 
an inlet valve controlling action. Similarly, the 
outlet Valve member 58 comprises an annular 
hub portion 58a, which surrounds the rotor shaft 
26 and carries the bolt holes 59 to receive the 
bolts 58 which not only secure the exhaust valve 
58 to the stator element 42 but in addition serve 
to secure the peripheral portion 54 to the body 
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portion 52 of the assembled stator element, Hub 
portion 58a, has formed thereon opposed arcu 
ate Segmental surfaces 58b which co-operate with 
the Vanes 84 to provide an outlet valve control 
action. In addition, the inner face of exhaust 
valve member 58 is provided with an annular 
recess 58c to accommodate a flange portion of 
a bearing cage retainer member 73d. (Figure 1) 
which co-operates with a central ball bearing 
unit 3. 

It should be noted that the angular distribu 
tion of the inlet waive arcuate surfaces 44c and 
the outlet Valve arcuate surfaces 58b is such as 
to provide a successive arrangement of inlet and 
Outlet Valve Surfaces around the axis of the rotor. 
Furthermore, in the illustrated example, the 
angular extent of the arcuate inlet valve surfaces 
44c is substantially equal to the angular displace 
ment of successive wanes 84, while the angular 
extent of the arcate outlet valve surfaces 58b 
is substantially equal to twice the angular spac 
ing of Successive wanes 84. Generally speaking, 
the angular distribution of the arcuate surfaces 
of the inlet and outlet valves is determined by 

in the Speed and compression ratio for which the 
machine is designed. Those portions of the in 
let and outlet valve members which lie in be 
tween the arcate valve surfaces thereof are Suf 
ficiently cit away so as to provide unimpeded 
fluid passage therethrough into the particular 
rotor compartment between the vanes. 84 which 
happens to be aligned therewith. 

In Figure 16 there is shown in elevation, the 
assembled relationship of the inlet valve men 
ber 44, the rotary abutments 64 and the rotor 
vanes 84, while in Figure 7 there is shown the 
assembled relationship of the exhaust valve men 
ber 58 with respect to the rotary abutments 64 
and the rotor varies 84. For convenience in iden 
tification, letters a through f have been applied 
to corresponding vanes in these two views. The 
rotor and stator elements have not been shown 
for purposes of clarity. 
From the construction thus far described, it 

is apparent that when rotor 66 is rotated, the 
rotary abutments 64 must rotate in fixed rela 
tionship therewith due to the fact that the rotor 
vanes 84 are threading through the slots 90 of 
the rotary abitments. I preferably provide a 
positive driving mechanism for rotating the ro 
tary abutments 64 and hence maintain the rota 
tion of such elements independent of frictional 
contact with the rotor vanes 84. In the con 
struction embodying this invention, such positive 
sdrive is convenienlity accomplished by the provi 
ision of a main driving gear 92 which is keyed to 
rotor shaft 26 within the hollow central portion 
of the stator element 2. Co-operating gears 
94 are keyed to each of the shafts 88 which sup 
port the rotary abutments 64. Shafts 88 are 
preferably supported in ball bearing units 95 
Within a transwerse bore 96 (Figures 12 and 13) 
provided within the body portion 52 and adia 
cent peripheral portion 54 of the stator assembly. 

Referring now particularly to Figure 20, there 
is shown a schematic, developed view illustrating 
the co-operation of the rotor vanes 84, the rotary 
abutments 64, and the inlet and outlet valve mem 
bers 44 and 58 respectively. The operation of a 
nachine embodying this invention will be appar 
ent from a study of this diagram. As the rotor 
rotates, the roto) wanes (I, through frespectively 
move downwardly as viewed in Figure 20. Since 
the opposite end faces of the Vanes 84 are respec 
tively disposed closely adjacent the interior wall 
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of rotor 66 and the external periphery of stator 
element 42, it follows that fluid compartments are 
defined between each pair of adjacent vanes. By 
virtue of the provision of the rotary abutments, 
such fluid compartments vary in volume as the 
rotor rotates. 

For example, the compartment defined between 
vanes e and f, hereinafter referred to as com 
partment e-f, is, in the position shown in Figure 
20, about to be sealed off by the arcuate Sealing 
surface 44c of the inlet valve 44. Since further 
movement of the rotor brings the vane f into 
traversing relationship with one of the slots 90 
of the rotary abutment 64, the compartment e-f 
is gradually reduced in volume as the rotor ro 
tates. Such compartment remains substantially 
enclosed except for a sight amount of leakage 
through the junctures of the various relatively 
moving surfaces defining the compartment. As 
a result, when the compartment e-f moves into 
the position shown as that occupied by compart 
ment a-) of Figure 20, the volume of the com 
partment has been substantially reduced. Ac 
cordingly, it follows that the fluid trapped there 
in has been subjected to compression approxi 
mately proportional to the reduction in volume of 
the compartment. Further movement of the ro 
tor will bring the trailing edge of Vane f off the 
arcuate sealing surface 58b of the discharge valve 
58 and hence permit the fluid contents of the 
compartment e-f to discharge into the discharge 
sump portion 6 of housing 2. It should be fur 
ther noted that the co-operation of vane e with 
the rotary abutment has the effect of sweeping 
substantially all of the fluid initially contained in 
compartment e-f into the discharge sump. 
The performance of the aforedescribed com 

pressor may be further improved by shaping the 
spider arms which Support the main portion of 
the rotor half 66t, or 66b. On the hubs 66c or 66d 
respectively to function as propellers. As best 
shown in Figures 18 and 19, the Spider arms 66e 
are provided with propeller-like surfaces 66f to 
produce a further pumping action on the fluid. 
In the case of the inlet rotor half 68a, the surfaces 
66f force fluid into the rotor compartments while 
on the outlet rotor half 66b the surfaces 66f with 
draw fluid from the rotor compartments. 

It should be noted that the unique arrangement 
provided by this invention wherein the rotor sur 
rounds the stator and in effect defines a toroid 
like pumping chamber about the stator permits 
the design of a machine of greatly increased fluid 
capacity for the same overall dimensions as com 
pared with constructions heretofore known. By 
locating the pumping chamber near the periph 
ery of the machine, a greatly increased volume of 
Such chamber is obtained relative to the overall 
displacement of the machine. Furthermore, the 
utilization of a generally toroidal pumping cham 
ber further increases the available fluid displace 
ment volume without increasing the diameter of 
the entire machine. 

In a machine of the class described, it is appar 
ent that the performance characteristics are de 
pendent upon a large number of variables. It 
is therefore extremely desirable to obtain an opti 
mum combination of the number of helical vanes, 
the number of rotary abutments, the total num 
ber of rotary abutment slots, and the ratio of ro 
tary abutment rotational speed to rotor rotational 
Speed. From a performance standpoint, maxi 
mum flow capacity combined with minimum leak 
age and port losses is desired. Minimum leakage 
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8 
rotary abutments are used. On the other hand, 
flow volume increases rapidly when the number 
of rotary abutments employed is increased, pro 
vided the Vanes are also increased in number. 
The relationship of the aforementioned variables, 
and the determination of an optimum combina 
tion of such variables, can best be understood by 
referring to schematic developed diagram of ma 
chines embodying various combinations of such 
Variables, such as shown in Figures 21 through 25. 

Figure 21 shows a schematic development of 
the most fundamental arrangement comprising a 
compressor having one rotary abutment A. With 
One slot S and One Vane W. The inlet valve seal 
ing surface is represented by I and the exhaust 
valve Sealing surface by E. In all of Figures 21 
through 25, the left-hand diagram represents the 
position of the rotor when one of the compart 
ments defined by the rotor vane is at its maxi 
nun volume V1. The diagram on the right-hand 
Side of Figure 21 shows the same compartment's 
size when the rotor has advanced to the point 
where the trailing end of the vane W is about to 
pass off the Sealing surface E of the exhaust valve. 
The Volume of the compartment at this time is 
represented by W2. In order to obtain maximum 
efficiency, it is desirable to compress the air to 
the final discharge pressure before opening the 
discharge port. The ratio of the volumes V1/V2 
thus constitutes a measure of the compression 
ratio possible for a machine utilizing such a com 
bination of variables. For the present study, the 
discharge port area has arbitrarily been assumed 
to cover 25% of the wall on that side of the struc 
ture and this proportioning of the discharge port 
area, has been carried through throughout all 
combinations of variables illustrated in Figures 21 
through 25. 
Simple calculations will show that for the fun 

damental arrangement illustrated in Figure 21, 
the ratio W1/V2, and hence the maximum com 
pression ratio possible, is approximately 1.09. 
This indicates that such a compressor would be 
efficient only at very low pressure ratios. 
Another criterion of compressor performance 

is the effective displacement per revolution of 
that part of the compressor that limits the com 
pressor Speed. The particular type of compres 
Sors under consideration are limited in speed by 
Stresses in the rotor. The utilization of the avail. 
able volume of the pumping chamber in the com 
pressor as effective displacement may be con 
Veniently expressed in terms of a displacement 
factor. Such a displacement factor is defined 
as the ratio of the volume displacement effect 
ed per revolution of the rotor to the volume 
available for displacement, which generally is 
the volume of the annular pumping chamber if 
the relatively small volumes of the vanes, abut 
ments, etc., are disregarded. Considering the 
fundamental arrangement of Figure 21, it is ap 
parent that such an arrangement yields a dis 
placement factor of 1, inasmuch as substantially 
all of the available volume of the annular pump 
ing chamber is swept toward the discharge side 
of the compressor once during each revolution 
of the rotor. 
The first of the variables to be considered is the 

pitch of the rotor vanes. It is believed obvious 
that the angle of inclination of the rotor vanes 
V must be definitely correlated with the relative 
rotational Speed of the rotor with respect to the 
rotary abutments and with the number of vanes 
and slots. In the arrangement shown in Fig 

losses are obtained when a few vanes, slots and 76 ure 21, a 1 to 1 ratio of rotor Speed to rotary 
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abutment speed is utilized and the pitch of the 
vane there employed requires only one vane and . 
one slot for operation of the machine. Refer 
ring now to Figure 22 wherein the vanes are ill 
lustrated as having an extremely low pitch such 
that the Single wane traverses the rotor twice, ... 
it is then necessary to have a ratio of rotary 
abutment speed to rotor speed of .5 and two 
slots S must be provided in the single rotary ..., 
abutment A. In this construction, two complete 
turns of the rotor are required to sweep the 
available displacement volume into the discharge 
side of the compressor, and the displacement 
factor is reduced to .5. 
V1/V2 becomes 1.39. 

Figure 23 illustrates an opposite extreme con 
dition of rotor vane pitch and speed ratio of 

The pressure ratio of 

the rotary abutment with respect to the rotor. 
In the arrangement of Figure 23, a high pitch, 
of the rotor vanes is utilized and a ratio of ro 
tary abutment rotational speed to rotor rota 
tional speed of 2.0 is provided. With such an 
arrangement two individual vanes Ware required 
and one rotary abutment, slot S. While the dis 
placement factor is again unity and the pres 
sure ratio of V1/V2 is 1.14, such slight improve 
ment is not justification for use of such pro 
portioning when compared with the arrange 
ment of Figure 21. It is obviously undesirable 
to utilize twice the number of vanes and rotate 
the rotary abutments at twice the speed to utilize 
the arrangement of Figure 23 in place of the ar 
rangement of Figure 21. The pitch of the vanes 
and the speed ratio employed in the arrange 
ment of Figure 21 is therefore an optimum ar 
rangement, 
As will be recalled, the arrangennent of Fig 

lure 21 utilized a ratio of rotary abutment speed 
to rotor speed of 1 to 1. Accordingly, the opti 
mun angle of pitch of the vane can be defined 
as that resulting when the angle of turn of the 
rotary abutment in traversing one vane equals 
the angle of turning of the rotor. When a gear 
drive is utilized between the rotor and the ro 
tary abutments, such as that heretofore de 
scribed, a further premium is derived from uti 
lizing a ratio of rotary abutment Speed to ro 
tor speed of 1 to 1. Reference to Figures 1 and 
2 will readily show that the rotary diameter of 
the abutment gears controls the size of the stator 
assembly and therefore is an important factor 
in determining the maximum possible displace 
ment volume for a machine of given size. Fur 
thermore, the rotor gear determines the extent 
of displacement of the rotary abutment from the 
center of the stator element. An off center po 
sition causes distortion of the vanes and indi 
rectly causes a loss in displacement volume. It 
is also important to obtain as great a displace 
ment between shaft centers as possible fol' a 
given size of gear. This is most conveniently ac 
complished when all the gears are the same di 
ameter, which is the condition which results 
when a 1 to 1 ratio of rotary abutment speed to 
rotor speed is employed. 
A comparison of the arrangement of Figure 

24 with that of Figure 21 indicates how the pres 
sure ratio of machines may be conveniently in 
creased by adding vanes. In the arrangement 
shown in Figure 24 the optimum pitch angle of 
the vanes is employed as well as the optimum 
speed ratio of rotary abutment to rotor of 1 to 1. 
However, two vanes V are utilized and a single 
abutment A having two slots S. While the dis 
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10 
an arrangement, it is readily observable that the 
pressure ratio, or V1/V2 is substantially increased 
Over that available from the arrangement of 
Figure 21. Specifically, V1/V2 in this arrange 
ment equals 1.75. 

It will be apparent to those skilled in the art 
that further increases in the number of vanes 
Will increase the pressure ratio of W1/W2 up to 
a, theoretical limit of 4 when a 25% discharge 
port opening is assumed. A smaller discharge 
opening will permit still greater volume ratios to 
be obtained. 
In the arrangements illustrated in Figures 21 

through 24, it was assumed for simplicity that 
the Vanes extend completely around the hypo 
thetical toroid which would be defined by ro 
tation of the rotary abutments about the axis 
of the rotor. In a practical design of a ma 
chine, the arcuate extent of the vanes in the 
plane of a rotary abutment cannot be much more 
than 180 degrees and the illustrated embodi 
ment of the invention such arcuate extent is 
actually somewhat less than 180 degrees. The 
effect of this factor on the schematic diagrams 
heretofore considered is illustrated in the di 
agrams of Figure 25 wherein the rotor Vanes W. 
are shown to extend merely for 180 degrees of 
the angular extent of the rotary abutments and 
the hypothetical position of the remaining 180 
degrees of the rotor Vanes which is not actually 
utilized in a practical embodiment of the ma 
chine is illustrated by the dotted line extensions. 
The optimum relationship heretofore indicated 
for ratio of rotary speed to rotor speed and 

5 Vane pitch angle are maintained identical to 
that utilized in the arrangement of Figure 21. 
The arrangement of Figure 25 also illus 

trates the effect of the addition of annother 
abutment to the machine. Adding another abut 
ment of course requires that an additional Set 
of inlet, and outlet waive surfaces be provided. In 
the arrangement of Figure 25, two Wanes are pro 
vided and the ratio of rotary abutment Speed to 
rotor speed is unity. It therefore follows that 
the total number of rotary abutment slots re 
quired for the machine is four. The pressure 
ratio or W1/W2 is equal to 1.09. The displacement 
factor, however, is increased to 2.0 due to the fact 
that the displacement volume of the machine is 
swept into the discharge side of the machine 
twice during each revolution of rotor by virtue 
of the fact that two rotary abutments are pro 
vided. In the specific embodiment of this inven 
tion heretofore described, which is represented 
schematically by Figure 20, the aforementioned 
optimum l'elationships are incorporated. Thus 
the ratio of rotary abutment speed to rotor speed 
is unity and two rotary abutments and six vanes 
are utilized. This number of Vanes provides a 
pressure ratio of W1/W2 equal to 2.12 and of 
course the displacement factor is 2.0. by virtue of 
the utilization of two rotary abutments. 

For purposes of the following discussion re 
lating to optimum relationship of the variables 
involved, the letters T, H and Q will be used to 
denote the following dimensions in Figures 21 and 
25: 
T, one complete abutment turn. 
H, that part of an abutment turn required to 

traverse. One wane. 
Q, that part of a rotor turn required to traverse 

one wane. In the foregoing description it has 
been shown that the vane angle Was optimum 
when, H=Q. Furthermore, it was shown that 

placement factor remains at unity with such 75 the relationship of variables was optimum when 
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the ratio, abutment speed/rotor speed, which is 
hereafter denoted by the letter M, is equal to 1. 
From Figure 25 it will be observed that the abut 
ment rotates through H/T fraction of a rotation 
as the rotor rotates from one abutment to the 
next. Therefore, for each rotation of the rotor 
the abutinent will rotate AH/Trevolutions, where 
A is equal to the number of abutments in the 
?aachine. Therefore, 

M=AH/T's 1 (1) 
and 

A=T/H. (2) 
These relationships state that an optimum con 
dition exists when the number of abutments is 
equal to the reciprocal of that fraction of One 
abutment turn required to traverse. One Vane. 

Further reference to Figure 25 reveals that the 
number of impeller slots, S, is a function of the 
number of vanes that actually pierce the abut 
ments in addition to the Vanes that would pierce 
the abutments if the vanes Were extended around 
the abutinent as shown by the dotted lines in the 
diagrains. The number of additional slots result 
ing from extension of the Vanes, W, is a function 
of T/H, therefore, 

S-VT/H. (3) 
By Substituting Equation 3 in Equation 1 we have, 

MsAW/S= 1 (4) 
Or, 

S=AW (5) 
Equation 5 states that an optimum condition of 
operation existS When the number of Slots is 
equal to the product of the number of abutments 
and the number of Vanes. 

It will, of course, be understood that Various 
details of construction may be varied through a 
wide range without departing from the principles 
of this invention, and it is, therefore, not the pur 
pose to limit the patent granted hereon otherwise 
than necessitated by the scope of the appended 
clains. 

I claim as my invention: 
1. In a rotary compressor, a generally an 

nularly shaped stator defining peripherally re 
cessed portions therein, a rotor mounted for ro 
tational movement relative to said stator, said 
rotor having a portion thereof surrounding said 
stator and cooperating therewith to define an 
encircling annular chamber, slotted barrier 
means mounted for rotation in said peripherally 
recessed portions of said stator on an axis trans 
verse to the rotor axis and traversing said cham 
ber, said barrier means conforming to the cross 
section of said chamber, and a generally helical 
vane Secured to said rotor in radially inwardly 
projecting relation and disposed in said chamber, 
Said vane cooperating with said stator and with 
the slot of said barrier means to define compart 
ments variable in Volume as said rotor rotates, 
and inlet and outlet port defining means suc 
cessively communicating with said compartments 
as Said rotor rotates. 

2. In a rotary compressor, a stator, a rotor 
mounted for rotational movement relative to said 
stator, Said rotor having a portion thereof Sur 
rounding Said stator and co-operating therewith 
to define an annular chamber, slotted barrier 
means rotatably mounted in said stator and 
transversing said chamber, generally helical 
Vanes Secured to said rotor and disposed in said 
chamber, Said vanes co-operating with said stator 
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12 
fine compartments variable in volume as said 
rotor rotates, inlet and outlet port defining means 
successively communicating with said compart 
ments as said rotor rotates, power means for 
rotating said rotor, and means for rotating Said 
barrier means in fixed relation with said rotor, 
including a gear train having a driven connec 
tion with said power means and being housed 
by said stator. 

3. In a rotary compressor, a stator, a rotor 
mounted for rotational movement relative to Said 
stator, said rotor having a portion thereof sur 
rounding Said Stator and co-operating thereWith 
to define an annular chamber, slotted barrier 
means rotatably mounted in said Stator and 
transversing said chamber, generally helical 
vanes secured to said rotor and disposed in Said 
chamber, said vanes co-operating with Said stator 
and with the slots of said barrier means to de 
fine compartments variable in volume as said 
rotor rotates, inlet and outlet port defining means 
successively communicating with said compart 
ments as said rotor rotates, a shaft for driving 
said rotor, said shaft having a portion thereof 
passing through said stator, and a gear train 
housed in said stator drivingly connecting said 
rotating barrier means and said shaft, whereby 
said barrier means is rotated in fixed relation 
with said rotor. 

4. In a rotary compressor, an annularly shaped 
stator having a curved peripheral surface, a rotor 
substantially in the form of an annulus having 
Wall portions of generally semi-circular croSS 
sectional configuration and being mounted for 
rotational movement relative to said stator, said 
rotor surrounding said stator and co-operating 
therewith to define an annular chamber, said 
stator having a plurality of recesses extending 
inwardly from the periphery thereof, a circular 
disk-like barrier member rotatably mounted in 
each of said recesses on an axis transverse to 
said rotor axis and having a peripheral portion 
thereof conforming to and traversing said cham 
ber, each of said barrier members having 
peripherally spaced slots therein, a plurality of 
generally helical vanes secured to said rotor in 
radially inwardly projecting relation and dis 
posed in said chamber, said vanes being con 
structed and arranged to respectively traverse 
said barrier slots and to cooperate with said 
peripheral surface of said stator to thereby de 
fine compartments variable in volume as said 
rotor rotates, and inlet and outlet port defining 
Inean S. Successively communicating with said 
compartments as said rotor rotates. 

5. In a rotary compressor, a stator, a rotor 
mounted for rotational movement relative to said 
stator, said rotor having a portion thereof sur 
rounding said stator and co-operating there 
With to define an annular chamber, said stator 
having a plurality of non-radial recesses extend 
ing inwardly from the periphery thereof, a disk 
like barrier member rotatably mounted in each 
of said recesses having a peripheral portion 
thereof traversing said chamber, each of said 
barrier members having peripherally spaced slots 
therein, a plurality of generally helical vanes 
Secured to said rotor and disposed in said cham 
ber, Said vanes being constructed and arranged 
So as to respectively traverse said barrier slots 
and to co-operate with the periphery of said 
stator to define compartments variable in volume 
as said rotor rotates, a shaft for driving said 
rotor, Said shaft having a portion thereof passing 

and with the slots of said barrier means to de- 75 through said stator, and gearing mounted in 
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said stator and connecting said rotating barrier 
means and Said Shaft, whereby said barrier means 
are rotated in fixed relation with said rotor. 

6. In a rotary compressor, a stator having a 
Circular periphery and an axial bore, a Shaft. 
rotatable in said stator bore, a rotor Secured to 
said shaft and having a portion thereof sur 
rounding the periphery of said stator and co 
Operating With Said stator to define an annular 
chamber, Said stator having a plurality of non 
radial recesses extending in Wardly from the 
periphery thereof, a disk-like barrier member 
rotatably mounted in each of said recesses and 
having a peripheral portion thereof traversing 
Said chamber, each of said barrier members hav 
ing peripherally Spaced slots, a plurality of gen 
erally helical vanes. Secured to said rotor and 
disposed in said chamber, said vanes being con 
Structed and arranged to respectively traverse 
Said barrier slots and to co-operate with the 
periphery of said stator to define compartments 
variable in volume as said stator rotates, gearing 
mounted in Said stator and connecting said ro 
tating barrier means and said shaft, whereby 
Said barrier means are rotated in fixed relation 
With said rotor, and inlet and outlet port de 
fining means successively communicating with 
Said compartments as said rotor rotates. 

7. The combination defined in claim 4 wherein 
Said stator comprises an assembly of a body por 
tion and a plurality of peripheral portions, said 
stator recesses being defined respectively by the 
junctures of said body portion and said peripheral 
portions. 

8. The combination defined in clair; 6 where 
in Said stator comprises an assembly of a body 
portion and a plurality of peripheral portions, 
Said Stator recesses being defined respectively 
by the junctures of said body portion and said 
peripheral portions. 

9. The combination of a housing, a rotor 
mounted in Said housing, a stator element sup 
ported by said housing and disposed entirely 
within the periphery of said rotor, slotted rotary. 
abutments. Inounted for rotation on said stator 
element, generally helical varies carried by said 
rotor and co-operating with said stator element. 
and Said slotted rotary abutments to form com 
partments adapted to vary in volume as said 
rotor is rotated, an intake valve secured to one 
axial side of said stator element, and a discharge 
valve secured to the Opposite axial side of Said 
Stator element, said intake and discharge valves 
being arranged to successively communicate 
with Said compartments as said rotor rotates, 
Said intake and discharge valves being in re 
spective communication with a suitable inlet and 
outlet formed in said housing. 

i0: The combination of a housing, a rotor 
mounted in Said housing, a stator element. Sup 
ported by said housing and disposed within the 
periphery of said rotor, slotted rotary abutments 
mounted for rotation on said stator element, gen 
erally helical vanes caried by said rotor co 
operating with Said stator element and said 
slotted rotary abutments to form compartments 
adapted to vary in volume as said rotor is ro 
tated, an intake port defining member secured 
to one axial side of said stator element, a dis 
charge port defining member secured to the op 
posite axial side of said Stator element, said in 
take and discharge ports being arranged to Suc 
cessively communicate with said compartments 
as said rotor rotates, said intake and discharge 
port defining members having peripherally dis 
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14 posed wall portions arranged to substantially 
Seal the adjacent compartments and recessed 
portions intermediate said wall portions arranged 
to provide fluid communication with the adja 
cent compartments. 

11. In a rotary compressor having a housing 
with a pumping chamber and an inlet and an 
outlet communicating therewith, an annularly 
shaped stator element having a curved periph 
eral surface, a rotor mounted for rotational 
movement relative to said stator element, said 
rotor having a portion thereof surrounding said 
stator element and co-operating therewith to 
form an annular chamber, said stator element 
having a plurality of recesses extending inwardly 
from the periphery thereof, a disk-like barrier 
member rotatably mounted in each of said re 
cesses and having a peripheral portion thereof 
traversing said chamber, each of said barrier 
members having peripherally spaced slots, a plu 
rality of generally helical vanes Secured to said 
rotor and disposed in said chamber, said vanes 
being constructed and arranged to respectively 
traverse said barrier slots and to co-operate 
with the periphery of said stator element to de 
fine compartments variable in volume as said 
rotor rotates, an intake port defiring member 
Secured to One axial side of Said stator element, 
a discharge port defining member secured to the 
opposite axial side of said stator element, said 
intake and discharge ports being arranged to 
communicate with the housing inlet and outlet 
and to successively communicate with said comi 
partments as said rotor rotates. 

12. The combination defined in claim 11. 
wherein said stator comprises an assembly of a 
body portion and a plurality of peripheral por 
tions, said stator recesses being defined respec 
tively by the junctures of said body portion and 
said peripheral portions, and fastening means 
carried by said exhaust port defining means for 
securing said stator components in assembly. 

13. In a rotary compressor of the class de 
scribed, a housing having a peripheral wall de 
fining a charnber concentric about an axis of 
the housing, a shaft rotatably mounted in said 
housing coaxially with said axis, a sleeve sur 
rounding said shaft secured to said housing, an 
annular stator element freely surrounding said 
shaft, means securing said stator element to said 
sleeve to position said stator element concen 
trically in said chamber, thereby defining an 
annular space between the external periphery 
of said stator element and the peripheral wall 
of said housing, and a rotor element disposed in 
said annular space, said rotor element having 
a first hub portion surrounding said sleeve and 
rotatably journaled in said housing and a second 
hub portion axially spaced from said first hub 
portion and keyed to said shaft at a point On 
the opposite, side of said stator element than 
said first hub portion. 

14. The combination defined in claim 13 
wherein said rotor element comprises an assen 
bly of two half portions joinable on a radial 
plane, one of said half portions including said 
first hub portion and the other half portion in 
cluding said second hub portion. 

15. In a rotary compressor, a housing having 
a peripheral wall defining a chamber concentric 
about an axis of the housing, a shaft rotatably 
mounted in said housing coaxially with said 
axis, a sleeve surrounding said shaft and secured 
to said housing, an annular stator element freely 
surrounding said shaft, means securing Said 
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stator element to said sleeve to position said 
stator element, concentrically in Said chamber, 
thereby defining an annuiar Space between the 
exterial periphery of Said Stator element and 
the peripheral wall of Said housing, a rotor ele 
ment disposed in said annular space, Said roto: 
element having a first hub portion Surrounding 
Said Sleeve and rotatably journaled in Said hous 
ing and a Second hug portion axially Spaced from 
Said first hub portion and keyed to said shaft at 
a point. On the opposite side of said stator ele 
ment than said first hub portion, slotted rotary 
abutments mounted for rotation on said stator 
element, generally helical vanes carried by said 
rotor co-operating with Said stator eleinent and 
Said rotary abutments to form compartments 
Waziable in volume as said rotor element rotates, 
inlet and outlet port defining means succes 
Sively conialinicating with said compartments 
as Said rotor eiement rotates, and gearing 
mounted in Said Stator element connecting said 
rotary abutments and said shaft, whereby said 
rotary abutme)ts are Totated in fixed relation 
With Said shaft. 

16. In a rotary compressor, a housing defining 
a chamber Concentric about an axis of the hous 
ing, a Shaft rotatably mounted in Said housing co 
axially With Said axis, a sleeve surrounding said 
shaft Secured to Said housing, an annular stator 
element freely Surrounding said shaft, means Se 
curing Said Stator element to Said sleeve to posi 
tion Said Stator element concentrically in said 
chamber, thereby defining an annular space be 
tWeen the external periphery of said stator ele 
ment and the housing, a rotor element disposed 
in Said annular space, said rotor element having 
a first hub portion Surrounding Said sleeve and 
rotatably journaled in Said housing and a second 
hub portion axially Spaced from said first hub 
portion and keyed to Said shaft at a point on the 
opposite side of Said stator element than said 
first hub portion, slotted rotary abutments mount 
ed for rotation on said stator element, generally 
helical vanes carried by Said rotor element, co 
operating with said Stator element and said 
Slotted rotary abutments to form compartments 
Variable in volume aS Said rotor element rotates, 
an intake port defining member and a discharge 
port defining member respectively Secured to op 
posite sides of Said stator element and co-operat- : 
ing with Said compartmentS, Said intake port de 
fining member being Secured to said stator ele 
ment by said means Securing the stator element 
to Said sleeve. 

17. In a rotary compressor, a housing defining 
a chamber concentric about an axis of the hous 
ing, a shaft rotatably mounted in said housing 
coaxially with Said axis, a sleeve Surrounding said 
shaft. Secured to said housing, an annular stator 
element freely Surrounding said shaft thereby de 
fining an annular space between the external pe 
riphery of Said Stator element and the housing, 
said stator element having a plurality of re 
cesses extending inwardly from the periphery 
thereof, Said Stator element comprising an aSSem 
bly of a body portion and a plurality of peripheral 
portions, such recesses being defined respectively 
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by the junctures of said body portion and said 
peripheral portions, a rotor element disposed in 
Said annular Space, Said rotor element having a 
first hub portion Surrounding Said sleeve and 
rotatably journaled in said housing and a second 
hub portion axially Spaced from Said first hub 
portion and keyed to Said shaft at a point on the 
Opposite Side of said Stator element than said first 
hub portion, a disk-like barrier member rotatably 
mounted in each of Said recesses and having a 
peripheral portion thereof traversing said annu 
lar Space, each of Said barrier members having 
peripherally Spaced slots, a plurality of generally 
helical Vanes Secured to said rotor element, said 
Vanes being constructed and arranged to respec 
tively traverse Said barrier slots and to co-operate 
With the periphery of said stator element to de 
fine Compartments variable in volume as said ro 
tOr element rotates, an intake port defining mem 
ber and a discharge port defining member re 
Spectively Secured to opposite sides of said stator 
element and co-operating with said compart 
ments, Said intake port defining member being 
Secured to Said Stator element by said means Se 
curing the Stator element to the sleeve, and Said 
discharge port defining member including fasten 
ing means for Securing Said peripheral portions 
and Said body portion of Said Stator element in 
a SSembly. 

18. The combination defined in claim 17 plus 
gearing means mounted in said Stator element 
and connecting Said barrier members to Said 
Shaft, whereby said barrier members are rotated 
in fixed relation with said rotor element. 

19. In a device of the class described, the com 
bination of a housing having radially spaced in 
ner and outer portions defining an annular re 
cess therebetween, an annularly shaped hollow 
rotor mounted for rotation in said recess of Said 
housing, rotary abutments conforming to the 
croSS-Section of Said hollow rotor mounted in the 
inner portion of Said housing for rotation in Said 
hollow rotor, generally helical vanes in Said hol 
low rotor to move in close association with re 
Spect to Said inner portion of Said housing and 
Said rotary abutments to form compartments 
adapted to vary in volume as the rotor is rotated, 
and intake and discharge portS for communica 
tion with Said compartments. 

ARNOLD E. BERMANN. 
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