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ABSTRACT OF THE DISCLOSURE 

Two relatively displaceable members are formed with 
at least two inter?tting spiroidal peripheral wall elements 
of like pitch, angularly and radially offset to contact one 
another along at least one pair of diametrically opposite 
locations simultaneously, de?ning together with adjoining 
sidewalls one or more pairs of chambers of progressively 
varying volume upon a relative orbiting of their centers 
with substantial maintenance of their relative angular 
orientation whereby the points of contact shift along their 
peripheries, alternately opening each chamber toward an 
outer and an inner port. 

Our present invention relates to a ?uid-displacement 
unit, i.e. a pump or a motor, wherein a working ?uid is 
drawn through an inlet port and expelled through an out 
let port or, on entering the inlet port under pressure, gives 
up useful energy to a mechanical load before escaping at 
the outlet port. It more speci?cally concerns a unit of 
the type in which the two ports are sealed off from each 
other through movable piston means forming ?uid cham 
bers that communicate alternately with the inlet and the 
oulet so that, on standstill, the ?ow is positively inter 
rupted. 

The general object of our invention is to provide a 
machine of this type that has fewer movable and there 
fore wear-prone parts than conventional equipment, is 
considerably more compact for a given rate of displace 
ment, and can be conveniently assembled and disas 
sembled. 
A more particular object is to provide a machine of 

the character set forth which, owing to its robust con 
struction and a continuity of its inner ?uid-guiding sur 
faces, is highly useful as a displacement pump for the 
delivery of high-viscosity liquids or bulk material. 

These objects are realized, pursuant to our present in 
vention, by the provision of two or more mutually inter 
leaved spiroidal Wall elements or webs on two relatively 
movable members, these elements forming-together 
with a pair of adjoining sidewalls which may be part of ' 
their respective supporting members-several interleaved 
?uid chambers of generally spiroidal con?guration which 
expand and contract in the course of a cycle in which 
each chamber communicates ?rst with the outer periph 
ery of the assembly and then with a central port, or vice 
versa, depending upon the direction of relative motion. 
The two or more spiroidal wall elements de?ne substan 
tially identical curves which, generally, may be expressed 
by equations I‘—l‘0=k<p for one curve and r'—r0=k<p’ for 
another curve where k is a constant, r0 is the length of a 
reference radius of substantially the same magnitude for 
both curves as measured from respective axes, r and r’ 
are the radial distance of any point of one or the other 
curve from its respective axis, and o, (p' are the angular 
distances of these curve points from their respective refer 
ence radii. The two axes are mutually parallel and sepa 
rated by a distance e, referred to hereinafter as eccen 
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tricity, ‘which is substantially equal to half the radial dis 
tance of successive turns of either the same curve or two 
curves sharing the same axis. With such an arrangement, 
as will be shown in greater detail hereinafter, the several 
wall elements engage one another at two or more points 
or, more precisely, lines of contact in the plane of the two 
axes. If, now, the two members carrying the respective 
wall elements or sets of such elements are relatively dis 
placed to impart to their axes a relative orbital move 
ment with maintenance of the eccentricity e and at least 
approximate maintenance of the angular orientation of 
the curves relative to one another, the ensuing rotation 
of the common axial plane causes a progressive shifting 
of the lines of contact along the several wall elements. 
With each wall element extending over approximately 
31r radians, a new line of contact is formed between any 
two adjoining turns of relatively movable elements before 
the old contact is broken whereby the establishment of a 
direct ?ow path from the inlet side to the outlet side is 
positively prevented at all times. 

The curves described above, referred to hereinafter as 
Archimedean spirals, can also be replaced by related 
curves, such as involutes of circles of radius r0. 

For geometrical reasons it is necessary to terminate at 
least one spiroidal web short of its axis since otherwise 
their relative orbital motion could not be performed; this 
foreshortening of the inner end of one or more webs de 
?nes a central port for the admission or discharge of the 
working ?uid. As a limiting case, one web (if shaped as 
an Archimedean spiral) may be extended to its axis if 
a co-operating web ends at a minimum radius l'0=21rk; 
in practice, having regard to wall thicknesses and to the 
esirability of making the two or more webs identical for 

standardized manufacture, it will generally be advan 
tageous to end each curve at that minimum radius. 
Except in cases Where the working ?uid is aspirated 

air or is to be exhausted into the atmosphere,, it will 
generally be desirable to enclose the assembly within a 
housing which may form one of the sidewalls of the ?uid 
chambers and may directly support one or more of the 
interleaved spiroidal wall elements centered on one of the 
two axes, this housing forming a peripherally disposed 
outer port for the working ?uid. In an advantageous em 
bodiment, the other (mobile) supporting member is then 
a disk spaced on both sides from confronting housing 
walls to form a pair of separate compartments there 
with, each compartment containing a motor or pump as— 
sembly including a ?rst spiroidal web (or group of such 
webs) on the respective housing wall and a second such 
web (or group) on the corresponding disk surface. The 
two units so formed may operate in parallel or in series 
on the same working ?uid, with their inlet and/or outlet 
ports interconnected (e.g. through one or more apertures 
in the disk close to its axis; in a series arrangement, the 
two sets of spiroids are oppositely oriented with reference 
to the direction of displacement of the disk so as to 
establish two generally radial ?uid paths, the working 
?uid moving inwardly on one and outwardly on the other 
of these paths. 

Because of their geometry, the interleaved webs have 
only limited freedom of relative rotation even if no special 
detents to inhibit such rotation are provided. If the pres 
sure differential is positive in a radially outward direction, 
i.e. if pressure at the central port is higher than at the outer 
port or the atmosphere (as where ?uid is peripherally 
aspirated or force-fed to the central port), the ?uid pres 
sure will tend to drive the wall elements apart so that 
the system will be more or less self-centering; in the re 
verse case, however, the ?uid may in certain positions 
tend to force the inner edge of one element into wedging 
engagement with a co-operating element so that jamming 
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could result. Especially in the latter situation, therefore, 
we prefer to provide means for positively preventing rela 
tive rotation of the two supporting members, e.g. a uni 
versally jointed rod similar to a Cardan shaft linking the 
aforementioned disk with its housing or with an eccentric 
forming part of the disk drive; in the last-mentioned case 
the rod may be supported on the housing through a non 
rotatable swivel head to keep it from turning. 
A machine embodying our invention may also be used 

to extract juices or other ?ltrates from a relatively viscous 
mass drawn through the pump chambers as a working 
fluid; in that case one of the sidewalls, or preferably the 
edge of a web contacting same, may have passages through 
which ?ltrate can escape from the contracting chamber. 
The invention will be described in greater detail with 

reference to the accompanying drawing in which: 
FIG. 1 shows a pair of interleaved wall elements ac 

cording to our invention; 
FIGS. 1a—lk are diagrammatic views of a pair of 

spiroidal curves drawn to a smaller scale but representa 
tive of the coacting wall elements of FIG. 1, in ten differ 
ent relative positions; 

FIG. 2 shows, in axial section, the principal parts of a 
unit according to the invention; 

FIG. 3 is a separate axial section of a disk included 
in the unit of FIG. 2; 

FIG. 4 is a face view of the disk of FIG. 3 in the direc 
tion of arrow IV thereof; 

FIG. 5 is another diagrammatic view of a modi?ed unit 
with multiple pairs of spiroidal wall elements; 

FIGS. 6 and 7 are views generally similar to FIG. 2, 
showing other embodiments; and 
FIG. 8 is a partly diagrammatic view of a modi?cation 

of the system shown in FIG. 6 or FIG. 7. 
In FIG. 1 we have illustrated two interleaved wall ele 

ments s and s’ of spiroidal con?guration as de?ned above, 
speci?cally a pair of Archimedean spirals centered on 
respective axes O, O' which are offset by an eccentricity 
e=h/2, It being the pitch or radial spacing between ad 
jacent turns of either spiral and equaling also the mini 
mum radius v0 or v0’ from which angles in and w’ are 
measured. With their respective axes as origins, and with 
r=ro, the two curves can be de?ned by the equations 
previously given, i.e. r—r0=k<p in the case of spiral s and 
r’—r0=k<p' in the case of spiral s'. 

In the relative position illustrated, wall element s con 
tacts wall element s’ from the outside at a ?rst point PI 
and from the inside at a second point PH, the two points 
of contact (actually lines parallel to the axes O, O’) lying 
in a common axial plane P and being spaced 1r radians 
apart. Curve s also has been shown, in dot-dash lines, 
extending by 211' radians to its origin 0, thereby forming 
another inner point of contact with curve s’. Each of these 
curves, starting from its radius vector r0 or r0’ extends 
over approximately 11/2 turns or 3.1r/2 radians. Radii r0 
and r0’ point in opposite directions, thus lying L radians 
apart. The pitch h is given by 21rk and is of course identi 
cal for both curves, depending on the value of constant k. 
The two elements s, s' have respective wall thicknesses 
t, t’, with r+t=R and r’+t':=R’; R and R’ are the outer 
radii thereof. , 

If, for the moment, we disregard the wall thickness 
t, t' and consider only the inner radii r and r’ of the two 
curves, we may designate their radii v1, VI’ in point P1 and 
r11, r11’ in point PH. $1, (PI, and (pH, $011, the corres 
ponding angles of the polar co-ordinate systems centered 
on axes O‘ and O’, we can write for point P1: 

(1) 

(2) 
and for point PH: 

rn_e=rn' 

(3) 
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This condition is satis?ed for ¢H=¢I+1r and g011'=<pI'——1r 
which corresponds to the illustrated geometrical relation 
ship and bears out the fact that, with the reference radii 
r0 and r0’ pointing in opposite directions, the two curves 
s, s’ ‘make two-point contact at diametrically opposite 
locations with any angular orientation of plane P relative 
to these reference radii. We also ?nd from Equations 1 
and 2 that e=k1r, con?rming our initial assumption of 
11:22. 

If we now introduce the wall thicknesses t and t’, Equa 

which reduces to Equation 3 if t=t’; thus, the two-point 
contact is maintained independently of the value of i but 
the eccentricity 2 assumes the modi?ed value k1r—l‘. Gen 
erally, the thickness r will be a small fraction of the pitch 
It so that the relationship e=lz/2 remains substantially 
valid. 

In FIGS. 1a—1k we have shown the two curves s and s’ 
in simple solid and dotted lines, respectively, these views 
representing ten different positions of the axis O'—-spaced 
45° apart~along its orbit of radius a about the axis 0 
which is assumed to be stationary; naturally, only the 
relative motion of the two systems is signi?cant. It will 
be noted that the angular orientation of curves s and s' 
remains unaltered throughout the cycle represented by 
a full revolution of axis 0'. Not shown in these views 
are two sidewalls perpendicular to axes O and O’ which, 
as illustrated in subsequent ?gures, bound the spaces 12, 
12a formed between adjacent turns of spirals s and s’. 
In FIG. 1a the two curves have the relative position of 
FIG. 1, their points of contact P1, P11 lying at 10 and 11 
on a vertical line perpendicular to the radii re and r0’. In 
the following views this line (corresponding to plane P 
of FIG. 1) rotates clockwise about axis 0. As shown in 
FIG. 1g, contact PI is broken at a point 14 but is substan— 
tially simultaneously re-established at a point 13 on the 
same radius; a similar situation arises with reference to 
contact P11 in a position following by 45° the one illus 
trated in FIG. 1k. 
The spaces 12, 12a form a pair of interleaved, generally 

spiroidal ?uid chambers of varying volume, expanding 
from the position of FIG 1a to that of FIG. 1g (in which 
the two chambers are temporarily sealed at both ends) 
and thereafter contracting again. In their expanding phase 
they are open toward the outer periphery of the array; in 
their contracting phase they communicate with a cen 
tral port in the region of axes O, O’. A working ?uid 
in these chambers has been indicated by vertical and 
horizontal shading, respectively; this ?uid enters at the 
periphery and exits at the center. If the sense of rota 
tion of axis 0’ were reversed, the ?uid would ?ow in the 
opposite direction. It will be understood that this ?uid 
may be aspirated and expelled by positively driven mem 
ber rigid with spiral s’ or may impart motion to such 
member on being admitted under pressure. 

If the spirals s and s’ were extended outwardly beyond 
the 11/2 turns shown, additional points of contact would 
come into existence as more fully described hereinafter 
with reference to FIG. 5, with duplication of inner and/ or 
outer contact points at locations 211' radians apart as 
indicated at P0, P11 in FIG. 1. This affords added isola 
tion between the inlet and outlet sides but will usually 
be required only in the case of major pressure differ 
entials. 

‘In FIG. 2 we ‘have illustrated a simpli?ed version of 
a physical embodiment of our invention wherein ?uid 
chambers 20, 21 are formed between two spiral webs 22 
and 23; web 22 is integral with a wall 214 of a housing 
90 forming a peripheral inlet port 91 and a central out 
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let port 92. Web 23 is integral with a driven circular disk 
25 whose spacing from wall 24 corresponds to the height 
H of both webs so that the chambers are ?uidtight ex 
cept at ports 91, 92. The position illustrated for the webs 
22, 23 corresponds substantially to that shown in FIGS. 1 
and 1a. 
FIGS. 3 and 4 show the disk 25 removed from the 

housing. Axial bores 93 in web 23 may be used to ex 
tract a ?ltrate from a pulpy working ?uid as described 
above, with the web remaining slightly spaced from 
the confronting wall 24 to let the liquid pass. 
A central stem 26 of disk 25 is eccentrically journaled 

in a bore 27 of a cylindrical bearing member or sup 
porting sleeve 28 rotatably disposed in ?xed housing por 
tions 29 and 30 between which a driving gear 31 is se 
cured to the sleeve to apply to it the torque of an ex 
ternal power source not further illustrated. Sleeve 28 
and stem 26 are centered on the axes O and 0’, re 
spectively, with the aforementioned eccentricity e. In 
order to hold the disk 25 against rotation, a rod 32 links 
its stem 26 with a central boss 29a of housing portion 29 
via a pair of universal joints 32', 32". 

FIG. 5 illustrates, diagrammatically in the manner of 
FIGS. la-lk, a possible modi?cation of the webs 22, 23 
of FIGS. 2—4 to form multiple spirals s1, s2 on wall 24 and 
s1’, s2’ on disk 25, the ?xed spirals s1, s2 contacting the 
mobile spirals s1’, s2’ (dotted) from within at points PI, 
PI’, PI" and from without at points P11, P11’ in the posi 
tion shown. Thus there are formed a multiplicity of 
?uid chambers, such as the one designated 33, func 
tioning in essentially the same manner as in the two 
spiral arrangement described above. Calculations sim 
ilar to those made in conjunction with FIG. 1 show that 
the spirals of each group (?xed group s1, s2 and mobile 
group s1’, s2’) are to be angularly offset by 1r radians 
from each other and by iir/Z radians from an inter 
leaved spiral of the opposite group, the eccentricity e 
(neglecting wall thickness) being equal to k1r/2 which is 
half the radial spacing of adjoining turns of the same 

' group. All the spirally curved webs are again of the same 
shape, wall thickness and angular extent (approximately 
31r/2 radians). 

In the system of FIG. 6 we have shown a disk 39 
whose surfaces v38a, 38b de?ne two axially spaced com 
partments A, B with confronting wall surfaces 36, 37 of a 
housing 38. Spiral webs 43, 44 on disk surfaces 39a, 39b 
de?ne coacting webs 4‘5, 46 on housing walls 36, 37 two 
sets of ?uid chambers 34, 35 as previously described. 
These chambers communicate, at different periods, with 
an inlet 48 open toward the periphery of compartments 
A, B and an outlet 49 connected with the central ports 
thereof the disk 39 being apertured at 390 to merge the 
two central ports into one. A drive shaft \42 centered on 
axis 0 is rotatably journaled in a housing extension 38a 
and carries an eccentric 42a coupled through a ball bear 
ing 42b with the hub 40 of the disk centered on axis 0'; 
a ?exible sleeve 50 of rubber or other resilient material 
surrounds the eccentric 42a and helps retain the disk 39 
in its angular position although as noted above, such 
detent means may be omitted if the pressure in port 49 
exceeds that in port 48, as will be the case when ?uid 
is pumped from port 48 to port 49 as indicated by the 
arrows. 
With the arrangement shown in FIG. 6 the two sets 

of chambers in compartments A and B may be angular 
ly staggered, e.g. by 9'0“ in the case of a two-curve sys~ 
tem as shown in FIG. 1, to smooth the operation of the 
unit. 
FIG. 7 shows a machine which differs from that of 

FIG. 6 only in the use of a modi?ed type of detent to 
prevent rotation of disk 39. A disk 139, otherwise similar 
to the disk 39 of the preceding embodiment and analo 
gously provided with paraxial apertures 139c, has a center 
bore formed with ?utes 50 to receive teeth 51 on an ex 
tremity of a rod 52 which is similarly journaled, via teeth 
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53 enaging in peripheral grooves 54, in a swivel head 61 
rigid with housing 138. The opposite end 52a of rod 52 
is coupled via wobbling ball bearings 56 with the head 
58 of a drive shaft 59 centered on axis 0, the bearing axis 
01' being offset from axis 0 by an eccentricity e1; the axis 
of disk 139 is shown at 02'. Swivel joints 50, 51 and ‘53, 
54 afford enough peripheral play to let the rod 52 translate 
the rotation of eccentric 58 into a revolution of axes O1’, 
02' about axis 0, the eccentricity 22 of axis 02' being not 
necessarily equal to eccentricity c1 and being determined 
by the location of swivel head 61. 

In FIG. 8 we have indicated schematically the possi 
bility of connecting two compartments A, B in series, 
rather than in parallel as in FIGS. 6 and 7, by using a 
solid disk 239 in a housing 83 having an inlet 80 at one 
side and an outlet 81 at the other side of that disk. With 
the spirals in the two compartments relatively inverted, 
with reference to the sense of rotation of disk 239, ?uid 
will ?ow radially outwardly in compartment B and radially 
inwardly in compartment A after passing around the 
periphery of the disk which is here completely closed to 
form a common outer port for the two pump (or motor) 
assemblies. It will be apparent that a similar effect may 
be obtained by radially partitioning the peripheral chan 
nel 84 and providing its two halves with an inlet port and 
an outlet port, respectively, to feed fluid into compartment 
B and removing it from compartment A, or vice versa, 
with closure of ports 80, 81 toward the outside and inter 
connection of the central regions of the two compartments 
via one or more paraxial apertures as shown at 39c, 139c 
in the preceding two ?gures. 
The word “spiroidal” as broadly used in the present 

speci?cation and in the appended claims refers to any 
curve, such as an Archimedean spiral or an involute (eg 
of a circle), traced by a point moving around an axis and 
simultaneously moving away from the axis, e.g. any 
spiroidal curve. 
Advantages afforded by the system in accordance with 

the invention include the fact that there is relative move 
ment between only two parts and one of these parts can 
be stationary. There is no requirement for slide or other 
valves. A simple and robust form of drive means for pro 
ducing a circular, nonrotary movement can be used. 
We claim: 
1. A ?uid-displacement unit comprising a stationary 

member and a movable member forming confronting 
?rst and second sidewalls, respectively; ?rst and second 
spiroidal web means respectively mounted on said ?rst 
and second sidewalls in mutually interleaved relationship, 
said web means de?ning at least two substantially identical 
curves centered on a pair of parallel axes; a housing rigid 
with said stationary member; sleeve means mounted in 
said housing for rotation about the axis of said ?rst web 
means and ‘forming a bearing for said movable member 
centered on the axis of said second web means, said ?rst 
and second web means engaging one another along at least 
two lines of contact in a plane de?ned by said axes, said 
sidewalls and said web means together de?ning a plurality 
of interleaved ?uid chambers of generally spiroidal con 
?guration, said web means having inner ends de?ning a 
central port for a working ?uid and terminating sufficiently 
short of said axes to permit a relative orbital movement of 
said axes with maintenance of constant axial spacing and 
substantial maintenance of the angular orientation of said 
curves relative to one another; and drive means for rotat 
ing said sleeve means in said housing to effect such orbital 
movement, thereby progressively shifting said lines of 
contact along said/web means to vary the volume of said 
chambers and to open each of them alternately toward 
said central port and toward the outer peripheries of said 
web means. 

2. A unit as de?ned in claim 1, further comprising 
detent means holding said movable member against rota 
tion. 
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3. A unit as de?ned in claim 2 wherein said housing 

forms two opposite wall surfaces perpendicular to said 
axes, said movable member being a disk slidably resting 
against one of said wall surfaces. 

'4. A unit as de?ned in claim 3 wherein said one of said 
wall surfaces has a bore centered on the axis of said ?rst 
web means, said sleeve means being journaled in said bore, 
said disk having a stem traversing said sleeve. 

5. A unit as de?ned in claim 4 wherein said detent 
means comprises an elongated link extending generally 
axially of said sleeve within said housing and a pair of 
universal joints connecting said link with said stem and 
with said housing. 

6. A unit as de?ned in claim 1 wherein said ‘housing 
forms an outer port for said ?uid around said outer 
peripheries. 

7. A unit as de?ned in claim 1 wherein said movable 
member is a disk further including detent means holding 
said disk against rotation. 

8. A unit as de?ned in claim 7 wherein said detent 
means comprises a rod and a pair of universal joints con 
necting said rod with said disk and with said housing. 

9. A unit as de?ned in claim 1 wherein each of said 
chambers has at least one apertured wall surface for 
extracting a ?ltrate from said working ?uid. 

10. A unit as de?ned in claim 9 wherein said apertured 
wall surface is formed by slots in at least one of said web 
means. 

11. A ?uid-displacement unit comprising two relatively 
displaceable members forming a pair of confronting side 
walls; a ?rst spiroidal web carried by one of said side 
walls and a second spiroidal web carried by the other of 
said sidewalls in interleaved relationship with said ?rst 
web, said webs de?ning two substantially identical curves 
centered on a pair of parallel axes, said webs engaging 
one another along at least two lines of contact in a plane 
de?ned by said axes; a further web on said one of said 
sidewalls duplicating said ?rst web in angularly offset co~ 
axial relationship therewith, the starting and termination 
points of said ?rst and further webs being angularly offset 
by substantially i1r/2 radians from those of said second 
web interleaved therewith, said sidewalls and said webs 
together de?ning a plurality of interleaved ?uid chambers 
of generally spiroidal con?guration, said webs having 
inner ends de?ning a central port for a working ?uid and 
terminating sufficiently short of said axes to permit a 
relative orbital movement of said axes with maintenance 
of constant axial spacing and substantial maintenance of 
the angular orientation of said curves relative to one an 
other; and drive means for relatively displacing said 
members in such orbital movement, thereby progressively 
shifting said lines of contact along said webs to vary the 
volume of said chambers and to open each of them alter 
nately toward said central port and toward the outer peri 
pheries of said webs. ' 

12. A unit as de?ned in claim 11, comprising an addi 
tional web on said other of said sidewalls duplicating 
said second web in coaxial relationship therewith but 
with an angular offset of 11' radians. 

13. A ?uid-displacement unit comprising two relatively 
displaceable members forming a pair of confronting side 
walls; a ?rst spiroidal Web carried by one of said side 
walls and a second spiroidal web carried by the other of 
said sidewalls in interleaved relationship with said ?rst 

10 

web, said Webs de?ning two substantially identical curves 
generally given by equations r—r0=k¢ and r’—r0r:kq>' 
where k is a constant, r0 is the length of a reference radius 
of'substantially identical magnitude for both curves meas 
ured from respective axes which are parallel to each other 
and separated by a distance a, r and ‘r’ are the radial dis 
tances of any point of the respective curve from the axis 
thereof, and (p and <p’ are the angular distances of such 
points from the respective reference radius, 2 being sub 
stantially equal to half the radial distance of successive 
turns about the same axis whereby said webs engage one 
another along at least two lines of contact in a plane de 
?ned by said axes; a further web on said one of said 
sidewalls duplicating said ?rst web in angularly offset co 
axial relationship therewith, the starting and termination 
points of said ?rst and further webs being angularly offset 
by substantially itr/Z radians from those of said second 
web interleaved therewith, said sidewalls and said webs 
together de?ning a plurality of interleaved ?uid chambers 

20 of generally spiroidal con?guration, said webs having 
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inner ends de?ning a central port for a working ?uid and 
terminating sufficiently short of said axes to permit a rela 
tive orbital movement of said axes with maintenance of 
said distance e and substantial maintenance of the angular 
orientation of said curves relative to one another; and 
drive means for relatively displacing said members in 
such oribtal movement, thereby progressively shifting said 
lines of contact along said webs to vary the volume of said 
chambers and to open each of them alternately toward 
said central port and toward the outer peripheries of said 
webs. 

14. A unit as de?ned in claim 13 wherein said curves 
are involutes of circles. 

15. A unit as de?ned in claim 13 wherein said reference 
*" radii include with each other an angle of substantially 

1r radians, the magnitude of r0 being substantially equal to 
21rk~2e. 

16. A unit as de?ned in claim 13 wherein each of said 
curves extends over substantially 37r radians. 

17. A unit as de?ned in claim 13 wherein said curves 
are Archimedean spirals. 

18. A unit as de?ned in claim 13 wherein each of said 
curves starts at substantially 211- radians from its axis. 
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