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. This invention relates as indicated to rotary
pumps, and more particularly to vane type ro-
tary pumps operative to provide non-pulsating
delivery without at the same time _océasioning
mechanical shock to the vanes.

In modern carbureters for internal combustlon

engines, and especially airplane engines, it is be-
coming of more and more importance to provide
& steady even flow of fuel urider constant pres-
sure thereto.
No. 2,165,963, prior art workers had not found
it possible to construct a vVane type rotary pump
which would both provide non-pulsating delivery
and yet be free from mechanical shock. Curtis
then discloses one solution of this problem in
which special cam guides are employed to con-
. duct the vane tips from the . arcuately curved
puraping zone to the arcuately curved sealing
zone, and vice versa. However, this type of pump
chamber is somewhat complex of construction
and does not permit the employment of less than
six vanes, which fact, as when pumping a volatile
liquid such as gasoline, may tend to cause vapor
lock due to entrapment and violent working of a
portion of such liquid.

It is therefore a primary object; of this inven-

tion to provice a vane type rotary pump having.

a non-pulsating- delivery and yet free from me-
chanical shock in operation. : :

Another object of this invention is to provide
a pump of the type above indicated which will

As pointed out in Curtis Patent

Fig. 3 is a sectional view of the mtake valve

. of such pump taken along the line 3—3 on Fig. 1;
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Fig. 4 is a sectional view taken through one
chamber of such pump along the line 4—4 on
Fig. 1

Flg 5 is a sectional view taken through the
outlet valve of such pump along the line -5
on Fig. 1;

Fig. 6 is a sectional view of the other chamber
of such pump taken along the line 6—8 on Fig. 1;

Fig. 7 is a sectional view taken axially of the
rotor of another pump embodying my invention,
such pump employing a unitary offset. vane, each
tip of which is. reciprocable in one pump cham-
ber;
- Fig. 8 is a sectional view through the outlet
valving means of such pump taken along the line
8—8 on Fig. 7;-

" Fig. 9 is a sectional view of the inlet valving
means for one of such’ chambers taken along the
line 8—9 on Fig. 7; -

Fig. 10 is a sectional view through one pump °
chamber taken along the line {0-—10 on Fig. 7;

Fig. 11 is & sectional view taken through:the
‘other pump cha.mber along the line H—it on

._Flg'z
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be simple and inexpensive to manufacture. and -

efficient in operation.

Another object is to provide & non-pulsating
rotary pump in which a single vane may be suffi-
cient in a chamber, :

- Other- objects of this invention will appear as
the description proceeds.

To the accomplishment of the foregoing and
related ends, said invention, then, consists of the
means hereinafter tully described and partlcular-
Iy pointed out in the claims,

The annexed drawings and the following de-.

scription set forth in detail certain mechanisim
embodying the invention, such disclosed means

constituting, however, but one of various me- -

- chanical forms in which the principle of the in-
vention may be used.

In said annexed drawings:

Fig. 1 is a cross sectional view axially of the
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rotor of one form of pump embodying my inven-

tion;

Mg 21is a sectional view through the casing
and rotor of such pump taken a.long the line
2—2on Fig. 1;

" Fig. 12 is a sectional view of the inlet valving

‘means for such last named chamber taken along

the line 12—I2 on Fig. 7;

of another pump’ embodying my invention in -
which ports are provided through the vanes;

Fig. 14 is a transverse sectional view through
such pump taken along the line 1414 on Fig
13;

Fig. 15 is a sectional view taken along line . .

15—I156 on Fig. 13; and

Fig. 16 is a sectional view along the line IS—IS
on Fig. 13 showing the discharge outlet, -
Referring now more particulaily to said draw-
ings, and especially Figs. 1 to 6, the embodiment
of my new invention there illustrated comprises
& pump casing { in which is journalled & rotor 2
adapted to be driven through drive shaft 3. - s
shown in Figs. 1 and 2, a central wall 4 divides
the interior of such casing into two pump cham-
bers § and 6. In each of such chambers respec-
tively and. reciprocable in the rotor. aie unitary
vanes T and 8, the bore of each of said chambers,
1. e, the cam track followed by the vane tips, de~
scrlbing equal limacon curves,

- Also formed in said casing parallel to the axis
of the rotor are two canals 8 and 10, the first
communicating with inlet passage {1 and the lat-

55 ter with outlet passage 2. Canal § also com-

-Fig. 13 is a sectional view axially of the rotor -
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municates dlrectly with chamber 6 and indirectly
through passage I3 and port 14 or 18 in rotor 2
with chamber 5. Likewise, chamber 5 communi-
cates directly with canal 10 (see Fig. 4) and
chamber 6 indirectly thereto by way of port 6
or |71 in the rotor and passage 8. On the inlet
side of chamber 6 and on the outlet side of cham-
ber 5§ cam guides |9 and 20 are provided respec-
tively for the vane tips.

The operation of the above’ described embodi-
ment of my new pump may now be explained.

As rotor. 2 turns in a.clockwise direction, as

view in Figs. 2 to 6, inclusive, liquid will be drawn
in to chamber 5 through passage,ii, canal 9,

inlet passage 13 and either port 14 or l5 depend-.

ing on which vane tip is passing through the

pumping zone. As shown in Figs. 4 and 6, ‘the

<«
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actly how liquid being pumped passes from the
inlet pipe or conduit {1 to the outlet pipe 2.
The previous operation in chamber § is just
the reverse of the operation in chamber 6. In
passing through chamber §, liquid first entered
in the passage 13 in the casing and left through
the passage behind the cam truck 20 and thence
outwardly through canal 10. In connection with
chamber 6, the liquid being pumped passes from
inlet canal 9 directly into the left-hand portion
of chamber 6, as viewed in Figure 6. - As the parts

“rotdte in a clockwise direction, liquid is forced

over into the right-hand part of chamber 6 as

" the lower end of vane 8 rises upwardly in the left-

lower ends of the vane: tips are respectively just

entering and leaving the pumping zone. As the
vane tip moves through the pumping zone, -the
port in the rotor rearwardly thereof will be in
communication with passage 13 and liquid will
be drawn in behind such tip. = Simultaneously,
this vane tip will be discharging liquid from the
pump chamber by way of canal 10 to passage 12.

20
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Referring now to Figs. 5 and 6, as the tips of -

vane 8 are reciprocated in chamber 6 by revo-
lution ‘of the rotor, liquid is drawn directly into
said chamber from:canal 8 and discharged
through port 6 or {7, depending on which end

.to canal 10 and discharge passage 12,

Thus 1t will be seen that the path of the fluid
being pumped is as follows:

It enters the casing | through inlet pipe | 1 and
flows into the passage (3, which is formed in
the casing and is shown in Figures 3 and 1.
The parts being in the positions shown, permit
the fluid to pass through port 4 in rotor 2 and
fiow from port i4 out into chamber 5 as this
port moves from the lower part of such cham-
ber to the upper part of such chamber. The
flow is occasioned by chamber § being evacuated,
thus causing the liquid being pumped to flow

upwardly out of port (4 into chamber .5 when.

the parts are in the position shown in Figure 4.
Vane 1, as the rotor continues in a clockwise
direction, now begins its pumping stroke and it
forces the liquid out of chamber § and up through
- canal 10, because port I# has been closed by the

30
of the vane is pumping, to passage {8 and thence -
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casing it being understood that the parts are -

slightly rotated in a clockwise direction from the
position shown in Figure 4. As the vane T con-
tinues in a clockwise direction, the port 15. is
placed in communication with the casing inlet
passage (3, but the liquid being pumped cannot
be forced into the port (5 since the port has
passed the casing shoulder shown in the lower
part of Figure 4. Obviously then, the liquid is
forced out into the passage which lies radially
outward of the cam track 20. It is to be noted
that at this time, the port 14 does not communi-~
cate with the inlet passage 13 and that the op-
posite end of the vane is forcing liquid out of
chamber § and:-that the only outlet is the canal
i0. It is'also to be remembered that the vane

1, as viewed in Figure 4, will begin to exert pump-

ing action as the rotor revolves in a clockwise

direction and that for all practical purposes, the

upper end of thé vane 1 performs no function
as it continues downwardly. It does, however,
perform a pumping action after it has reached its
lowermost point.

I"rom the foregoing it will be understood ex-‘

60

.describes- an ‘equal limacon curve.

hand part of chamber 6, as shown in Figure 6.
However, since the port 16 it is communication
with outlet passage 18, the liquid passes from the
right-hand portion, of chamber 6 axially along
port 16 and then through ouulet passage 18 to
outlet canal 10,

It is to be noted that perfect balance is obtained
since there is a counterpart for every part and
in each case, the action is opposite in effect and

4qn volume

It ‘will thus be seen that the rate of change of

‘fluid - discharge from one chamber is always
equal to but’opposite in sign to that from the

other chamber so that the combined discharge
of passage 12 is always a constant.” Since the

‘bores. or cam tracks of .such chambers describe

equal limagon curves there will of .course be no

"mechanical shock and unitary vanes may be em-
"ployed, as well known in the art. By the em-

ployment of oppositely disposed pumping Zones,
which thus complement each other, and the pro-
vision of inlets and outlets respectively in com-

.munication, it is therefore possible to obtain’the

primary objects of this invention, namely con-
stant non-pulsating” delivery together with an
absence of mechanical shock.

Another embodiment of ‘my invention which
has certain advantages over that just described
is illustrated in Figs..7 to 12 inclusive.. As best
shown in Fig. 7, this embod1ment comprises a
pump casing 21 in which is journalled a rotor. 22
adapted to be driven through drive shaft 23.
The interior of such casing comprises pump
chambers 24 and 25 separated by partition walls
26 and 27 forming outlet valve 28 therebetween

‘which communicates directly with outlet passage

29. As in the previouly described embodiment of
the invention, the bore of each pump chamber
However,
there are neither direct inlets nor outlets to or
ifrom such chambers.. Instead, outlet ports 30
and 31 are provided in, t;h\e rotor as shown in
Figs. 8, 10 and 11, such ports being in communi-
cation with passage 28 except for a portion/of the
revolution of the rotor during which period they
are cut off, as shown in Fig. 8. Small auxiliary
ports 32 and 33 are also provided. in the rotor,

*'such ports affording constant communication be-

tween passage 28 and chambers 24 and 25, even

“when primary outelt ports 31 and .30 are. re-

spectively sealed.  Chamber. 24 is in communica-

tion with inlet passage 34 and inlet conduit 35

by way of port 36 in the rotor. A small aux-

- dliary port 37 is also. provided which maintains

constant communication between said chamber
and said passage even when primary port 36 is
sealed. ‘A similar intake port 38 and an auxiliary
port 39 connects chamber 25 with intake passage
40 and intake conduit 41. Reciprocably mounted
in the rotor is an offset unitary vane 42 one end
of which travels in contact with the peripheral
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surface of chamber 24 and the other end in con-
tact with the surface of chamber 25,

The operation of this embodiment of my in-
vention may now be understood as follows. As
rotor 22 revolves, vane 42 is reciprocated within
said rotor, fluid being drawn in behind each vane
end through intake passages 34 and 40 and in-
take ports 36 and 38 respectively, a portion of
the intake of course also passing through aux-
. iliary ports 37 and 39. When a vane end passes

‘through the sealing zone, as illustrated in Fig. 11
and during a portion of the revolution immedi-
ately preceding this point, intake port 38 is
closed, as shown in Fig. 12, and for a consider-
able -portion of the revolution of the rotor the
entire intake is through auxiliary port 38 which,
however, quite suffices since the vane end during
this portion of the revolution of the rotor is dis-
charging a relatively small amount of. fluid.
Similarly the discharge from chamber 25 through
port 31 to outlet valve 28 is cut off for a consid-
erable period, as shown in Fig. 8, all fluid pass-
ing through auxiliary port 32. It is apparent,
therefore, that there will be a very brief moment,
defined by the thickness of the wall separating
the primary and auxiliary ports, during which
the auxiliary inlet port will be open to the inlet
valve and the auxiliary outlet port simultaneously
in communication with the outlet valve. How-
ever due to the sraall size of such auxiliary ports
and the extremely brief period during which they
are in communication, any pulsation which might
occur is so small as to be imperceptible:

It will of course be understood that inlet con-
duits 35 and 4! may be in direct communication
with each other as by joining them to the same
lead from a fue] tank or the like,

As described and explained above, a novel
pump has thus been provided which is capable of
constant - non-pulsating - delivery without me-
chanical shock to the mechanism, and, further,
in which any possible loss of power due to the
drag of a vane end through the discharge Zone
is avoided. ‘It is also obvious that a plurality of
more than two chambers might be employed
without departing from the scope of this inven-
tion, and likewise, that my new pump may in-
stead be employed as a motor. While the outlets
from. the pumping chambers must be in com-
munication in order to provide non-pulsating de-
livery, it is not necessary that the inlets com-
municate, although such will generally be the
case.

The embodiment of my 1nvent10n 111ustrated in
Figs. 13 to 16, inclusive, affords a number of ad-
ditional advantages including simple valving
means and an avoidance of ports in the rotor at
points spaced from the vanes. As best shown'in
Fig, 13, this embodiment comprises a pump cas~
ing 43 in which is journalled a divided rotor 44a
and-44b adapted to be driven through dive shaft
45. The intericr of such casing comprises pump
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The intermediate portion 58 of said offset vane
passes through openings §%a and 59b in the inner
faces of said rotor segments, the vane serving to

.position such segments axially within the casing

and also affording the means whereby segment
44D is maintained in driven engagement with seg-
ment 44a.

An inlet passage 60 communicates with a canal
61 in the casing which in turn connects with
chambers 62 and 63 disposed axially of said rotor
segments. In the outer ends of each of said rotor
segments are inlet ports such as 64 in constant
communication with chambers 62 and 63 respec-
tively. The vane ends are partially cut away, as
shown in Fig. 15, so:that as the rotor revolves in
a clockwise direction as viewed in Fig. 15 liquid
may enter behind the vane through port 64 and
pass into chamber 46. Liquid on the pressure
side of the vane will be forced out of such cham-
ber by way of the outlet port 65 in such vane and
thence through opening §9a into cavity 50 fror:.
which it flows through holes 52 to chamber 53
and outlet passage 54. Of course as a vane end
is forced into the rotor as the latter rotates, the
rocker tip will gradually close both the inlet and
the outlet ports in such vane end, until such ports
are simultaneously’ completely closed. It will
thus be seen that a pump has been provided in
which. but a single vane end is employed in a
chamber, such vane end pumping continuously
with rotation of the rotor except for the moment
when it is entirely retracted in the rotor. Since

. each vane end is pumping in a complementary

35
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chambers 46 and 47 separated by partition walls -

48 and 49 which form a discharge: collecting
cavity 50 therebetween circumferentially bounded
by a spacer band 51 pierced by holes 52 affording

communication - between cavity 50 and- outer:

chamber 53 to a common discharge passage 54.
As in the previously described embodiments of
the invention, the bore of each pump chamber
describes an equal limacon curve.  Reciprocally

70

mounted. in the respective segments of said:

divided rotor is a unitary offset vane 55 having
rocker tips 56 and 57 contacting the limacon
curve liners of said pump chambeérs 46 and 471.

75

pumping . zone, . the joint discharge of the two
chambers will be uniform and pulsationless.
Since limagon curve chambers are employed there
will also be no mechanical shock. - The segments
of the rotor may be joined to form a unitary as-
sembly, if desired..

In addition to the obvious advantages of the )
above described construction, it is apparent that
such construction makes many other improve-
ments possible. For instance, the intermediate
portion of the vane may be formed as.a separate
element fitting in sockets in the two true vanes:
The small amount of play therebetween. would
permit. the automatic.take-up of . wear on, the
rockers,

‘When employing a pluralty of limac¢on - -pump-
ing chambers in accordance witl my invention
it is apparent that various combinations are pos-
sible such as one-large chamber and two small
chambers, the vanes in the two small chambers
pumping- in zones complementary to the vane
or vanes in the large chamber, the relative sizes

-of such chambers being so-chosen as to provide

pulsationless delivery.. Generally, however, th=
simplest form . comprising two equal chambers
with vanes in complementary zoneés and outlets
in communication will be preferred. If the vanes

- are not quite oppositely disposed-in relation to

the respective limagon curve liners there will be
a degree of pulsation although, of course, not as -
serious as in a pump not having even partially
complementary pumping zones. Unless the vane
ends are, directly opposed, unitary vanes cannot
be employed and spring backed vanes or ‘the like
must be used.

In the past, the method most generany em-
ployed to reduce pulsation was to provide a.large

_number of vanes with resultant increase in as-

sembly difficulties and wear in use. As above

explained, a pump may be constructed in accord-
ance with my invention employing .only one
vane, such pump being well-balanced, long-wear-
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ing and efficient in operatlon’. One end of such
vane pumps in-one chamber, the other end in
the other chamber. It is, of course, “possible

to employ & plurality of such uuitary vanes if

desired.
‘While it is believed that those skilled in the

art will have little difficulty in understanding

the above explanation of my invention, a brief
summary of the mathematics involved may be
‘helpful. The formula. for a limagon curve is

a—b Ccos 8

where aisa constant bis less than a, and ris
the  distance from the point from which -the
curve is generated to any-point on such curve

‘10

15

(such point also being the center of rotation. of .

' the rotor). Such curve is well known and has
long been employed in rotary pumps since it is

2,306,376

3. In a vane type rolary pump, at.least two
limagon pump chambers, a rotor in each .of said
chambers, g vane in each. of said rotors and re-
ciprocable ‘therein, the ends of said vanes in

‘certaln - of said chambers b2ing disposed. 180°

apart relative to the corresponding ends of the

vanes in the other said chambers in relation -
‘to the limacon curves engaged thereby so that

the sum of the effective purcping areas.of said
vanes is at all times & constant, flaid inlet means
passing through said rotors and entering said
chambers rearwardly of such vane ends, fluid
outlet. means passing ‘hrough said rotors and
communicating with sald chambers forwardly of
such vane ends, said outlet means being in com-
munication with each other, and means operative

- to.synchronize the rotation of suid rotors.

the only curve permitting the use of unitary

vanes passing through the center of the rotor.
However, due- to the shape of stich" curve, the
volume ‘of - llquid being discharged by any vane
end during ‘a stated degree of angular: rotation
will vary radically with consequent pulsation in
the discharge line. While this situation 'may be

somewhat ameliorated- by the’ provision of a -

larger number of vanes, other complicatiocns then
arise without having obtained truly pulsation-
less delivery. Prior art workers, such as Curtis,
therefore ‘turned to other curves-and combina-
“tlons of curves to attack the problem. -

20
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But by -

employing my- invention absolutely’ pulsation- "

less delivery may be obtained without abandon-

ing the other. known advantages of llmacon curve

pumps.-

. Other- modes of applying the principle of my
-invention may be employed instead of the one

35

explained, change being made as regards the -

mechanism herein disclosed, provided the means
stated by-any of the following claims or the
equivaent of such’ stated means be employed.

I therefore particularly point out a.nd distinct-
ly claim as my invention:

1. In’ a vane type rotary pump, at least two'

limagon pump cha.mbers, a rotor in each of sald
chambers; a vane in each of said rotors and re-
ciprocable - therein, the corresponding ‘ends of
said vanes being disposed 1806° gvart relative to
the respective limacon curves engaged thereby so
that the sum of the effective pumping areas of
_said vanes is at all times g constant, fluid inlet
means communicating with ssid chambers rear-
wardly of such vane ends, fluid outlet means

40
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communicating ‘with each of said chambers for-

wardly of such vane ends, said outlet means
being in communication with each other, and
means operative to synchronize the rotation of
said rotors.

2. In a vane type rotary pump, a plurality of
limagon pump chambers, rotors therein, a vane

in each of said rotors and reciprocable therein,
the ends of said vanes in certain of said cham-

bers being disposed 180° apart relative to the
corresponding ends-of the vanes in - the other
said chambers -in‘ relation to the respective
limacon curves engaged thereby and the size and
number of said chambers being so chosen that
the sum of the effective pumping areas of said
vanes is at a}]l times a constant, fiuid inlet means
communicating with said cl*ambers rearwardly
of such vane ends, fluid-outlet means communi-

55
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cating with each of said chambers forwardly of -

such vane ends, said outlet means being in com-
murication with each other, and means operative
to synchronize the rotation of said rotors.

™

‘4. In a .vane type rotary pump, at least two
limacon ‘pump. chambers, a rotor in each.of said

‘chambers, ‘a vane in each of said rotors and re-

ciprocable therein, not.more than one vane end
in each chamber belnz operative as a pumping
element at any one time, the ends of said vanes
in ¢ertain of said chambers being disposed 180°
apart relative to.the corresponding ends of the
vanes-in ‘the other sald chambers in relation to
the limagon. curves engaged thereby, fluid inlet
means passing through said rotors and entering
sald chambers rearwardly of such vane ends, fluld
outlet means passing through said rotors and
communicating with said chambers forwardly of
such vane ends, and means operative to synchro-
nize the rotation of said rotors.

5. In a vane type rotary pump, a plurality of
limagon pump chambers of equal bore, & rotor
in said chambers, vanes in said chambers and
reciprocable in said rotor, the ends of said vanes
operative as pumping elements at any one time in
certain of said chambers being oppositely dis-

.posed to such ends in the other said chambers

in relation to the limagon curves of said respec-
tive chambers, inlets to said chambers, and out-
lets from said chambers in communication with
each’ other. ’

6. In combinatlon, two limagon pumps respec-
tively .comprising casings of equal limacon bore
in axial alignment, rotors in said caslngs, a uni-
tary vane slidably mounted in said rotors, one
‘end of said vane engaging the inner surface of
one.of said casings and the other end of said
vane engaging the inner surface of the other of
said casings at & point diametrically opposite on
the limagcon curve thereof, inlet ports through
said :rotors - communicating with the interior of
said casings rearwardly of said vane ends, and
outlet ports through said rotors.communicating
with the interior ot said casings forwardly of said
vane ends, said outlet ports being 1n communij-
cation with each other. :

7. In a vane type rotary pump, s.djacent palred
limacon pump chambers in" axial alignment, a
rotor revoluble therein, a unitary offset vane re-
ciprocable in said rotor with one end of said vane
in slding engagement witn the surface of one of
said chambers and the other end in sliding en-
gagement with the surface of the other of said
cnambers at a diametricaliy opposite point there-
on, iniet: ports through said -rotor and cut-away
portions of the suction sides of said vane ends,
outler: ports through cut-away portions of the
pressure sides of said vane ends and through said
rotor, and rocker tips for said vane ends oper-

* ative to seal said respective inlet and outlet ports

when said vane ends are fully retracted, the dis-
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charge from said outlet ports being conducted
to & common passage. |

8. In 'a vaae type rotary pump, two smilar
pump chambers, rotors eccentrically disposed in
said chambers, the inner peripheries of said
chambers comprising curves in which the sum
of the lengths of the opposite polar coordinates
is a constant, the poles of such curves being the
centers of rotation of said rotors, a vane in each
of said rotors in sliding engagement with the
inner peripheries of said respective chambers,
only a single vane end being operative as a pump-
ing element in each of said chambers at any one
time, such operative vane ends being oppositely
disposed relative to the curves of the inner
peripheries of said respective chambers, inlets to
said chambers, outlets from said chambers in
communication, and means operative to synchro-
nize the rotation of said rotors.

8. In a vane type rotary pump, two similar
pump chambers, a rotor eccentrically disposed in
said chambers, the inner peripheries of said
chambers comprising curves in which the sum of
the lengths of the opposite polar coordinates is a
constant, the poles of such curves being the cen-
ter of rotation of said rotor, an offset unitary
vane in said rotor, one end of said vane being in
sliding engagement with the surface of one of
said chambers and the other end in sliding en-
gagement with the surface of the other of said
chambers at a diametrically opposite point on the
curve thereof so that the sum of the extension
of the vane ends from the rotor is at all times a
constant, inlet ports through said rotor on the
suction sides of said vane ends, and outlet ports
through said rotor on the pressure sides of said
vane ends, said outlet ports being in communi-
cation.

10. In a sliding vane type rotary pump, two

. similar pump chambers, rotors eccentrically@-
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; S
posed in said chambers, the inner peripheries of
said chambers comprising curves in which the
sum of the lengths of the opposite polar coordi-
nates is a constant, the poles of such curves be-
ing the centers of rotation of said rotors, a vane

_reciprocable in each of said rotors in sliding en-

gagement with the inner peripheries of said re-
spective chambers, the corresponding ends of said
vanes being disposed 180° apart relative to the
respective curves engaged thereby so that the
sum of the effective pumping areas of said vanes
is at all times a constant, fluid inlet means com-
municating with said chambers rearwardly of
such vane ends, fluid outlet means communicat-
ing with each of said chambers forwardly of such
vane ends, said outlet means being in communi- -
cation with each other, and means operative to
synchronize the rotation of said rotors.

11, In a sliding vane type rotary pump, two
similar pump chambers, rotors eccentrically dis-

‘posed in said chambers, the inner peripheries of

said chambers comprising curves in which the
sum of the lengths of the opposite polar coordi-
nates is a ‘constant, the poles of such curves be-
ing the centers of rotation of said rotors, a vane
reciprocable in each of said rotors in sliding en-

‘gagement with the inner peripheries of said re-

spective chambers, the corresponding ends of said.
vanes being disposed 180° apart relative to the
respective curves engaged thereby so that the
sum of the extension of the operative vane erids
from the rotors is at all times. a constant, fluid
inlet means communicating with said chambers
rearwardly of such vane ends, fluid outlet means
communicating with each of said chambers for-

. wardly of such vane ends, said outlet means be-
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ing in communication with each other, and
means operative to synchronize the rotation of

said rotors. : )
HUMPHREY L. NASH.




