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17 -Claims. .

This invention relates to improved forms of
fluid pressure apparatus, such as compressors,
pumps, and pressure fluid motors or engines.
Certain aspects of the invention pertain generally
to the improvement of fluid pressure apparatus
of a type wherein fluid is pocketed and compressed
and/or expanded, while & further aspect of the
invention pertains to the provision and arrange-
ment of improved pressure fluid apparatus of this
general character for use as an internal com-
‘bustion motor. ,

The present invention provides fluid pressure

apparatus having a plurality of rotors which co-
operate in affording fluid pockets movable from a
region of maximum capacity to a region of
minimum or substantially no capacity. Prefer-
ably these pockets may be provided between a
plurality of e¢centrically disposed toothed rotors,

the teeth of the rotors being arranged so that .

each tooth is constantly in engagement with a
portion of the adjoining rotor. Preferably an
outer rotor or casing may be provided with in-
ternal teeth which intermesh with the teeth of a
smaller eccentrically mounted inner rotor, the
latter preferably being in the form of a tortuous
anaular shell, the tortuosities of which form in-
ternal as well as external teeth, and preferably
having its internal teeth in engagement with the
external teeth of a still smaller rotor. This ar-
rangement permits the employment of several
rotors arranged one within the other and each
‘having teeth in mutual engagement with an ad-
jo'ning rotor or rotors, thereby providing a fluid
apparatus of given size with a comparatively
large volumetric cepacity, despite the limited size
of the fluid pockets formed between the points of
contact of the tooth portions of adjoining rotors;
furthermore, the rotors thus arranged provide a
series of pockets, each pocket moving in a sub-
stantially snnular circuit between a region of
maximum capacity and a region of minimum or
substantially nil capacity. .All of the moving parts
of the apparatus may have a true rotary motion,

- thus avoiding the objectionable noise, vibration
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and wear which accompanies the employment of
reciprocating parts. Furthermore, the apparatus
isadapted to have a substantially uniform torque
whether used 8s & COmPressor or pump or &s &
motor, and the parts of the apparatus may be
free from sudden changes in pressure or shocks,
and due to the relatively uniform.and gradual
chenges in stresses, the apparatus may be rela-

" tively light.
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A further aspect of the invention relates to the
arrangement of apparatus of this character with
means yieldably to hold the parts in proper op-
crative or working engagement and yet to permit
a slight movement or change in the relative posi-
tioning of the same, for example, to compensate

for thermal expansion. Thus, for example, the

(CL 123—8)

parts which determine the positioning of the '

rotationa] axes of the rotors preferably may be 8o
disposed and mounted that & slight increase in
the distance between the axes of the rotors may
occur in response to heat expansion. ‘The rotors
may be associated with substantially fized end
plates which assist in defining the fluid pockets
and provide openings for the ingress and egress
of fluid; preferably at least one of these end
plates may be associated with means to maintain
- substantially constant frictional engagement
between the same and the rotors, despite thermal
expansion of the rotors, wear or other changes of
dimensions. For this purpose cne end plate or
bearing part may have a slight rotational move-
ment in response to the frictiongl drag of the
rotors and may have a corresponding but much
smaller outward movement so that as the fric-
tional drag between the rotors and bearing part
tends to increase the bearing part or wall may
have a slight movement agally away from the
rotors, tending to decrease its frictional sngage-
ment therewith. :

Fluid appsaratus of this character may be par-
ticularly sdvsntageously employed as an inter-
nal combustion motor which, for exeinple, may
employ 5 Diesel or semi-Diesel cycle. Air may
be introduced into the fluld pockets at or near
their region of substantially maximum capacity,
the air being compressed as the pockets pass
toward the region of minimum capsacity and be-
ing emitted into e stationary combustion cham-
per which communicates with the pockets at both
sides of the plane of the eccentric axes. In the
‘chamber the compressed air is mixed with com-
bustible material, such as a suitable liquid hydro-
carbon mixture, and the burning gases are
emitted from this chamber into the expanding
pockets, thereby tending to increase the. volume
of the latter and converting the gas pressure en-
ergy into energy of rotational movement of the
rotors. Preferably the end walls may be broken
away adjoining the region of ‘meaximum pocket
capacity, thus permitting cooling of the rotors
and the ready movement of the burnt gases out
of the pockets and the replacement of the same by
fresh air. To aid this desirable resulf, the ap-
paratus preferably may be asscciated with blast

inducing means, such as & blower or an’ air- -

_craft propelier. : .

A motor of this type is particularly adapted
for aircrafi use due to its lightness, simplicity,
freedom {rom vibration, and substantislly uni-
form torque. The employment of constantly
contacting and expanding fluid pockets without

reciprocating meovement results in a substantially .

constant torque, which may e more uniform
than attaingble even from multi-cylinder engines
of the reciprocating type. Furthermore, the
movement of an air- blast over and between
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the rotors is effective not only im thoroughly
scevenging burnt gases, filling the pockeis with
fresh sir end giving the sipparstus & high volu-
metric capacity, but the air blast is slso effective
in cooling the rotors without the necessity for
special cooling mmeans.

In the sccompanying drawings:

. Fig. I is o side clevational view of my improved
fluic pressure apparatus;

Flz. 2 is g section, indicated by Ilime 2—2 of
Fig. 1, the Tuel pumap and blower also being shown
in this figure; . )

Fig. 3 is & sectional view of the rotors and &
cooperating driven gear;

Fig. ¢ is an clevational detell of 2 portion of
one of the end piates: .

Fig. 5 is a scctlonal detall showing the ar-
rangement of the means for holding -the end
plates in proper engageiment with the rotors:

Fig. ¢ is 5 dizgramometic view showing the
manner in which the rotor testh mey be lsid out.

Referring to the sccompanying drewings, and
first more particulerly to Plgs. 1 and 2, the nu-
merel 1 designates o sulteble support for the ro-
tors and related parts, which may Include 2 planar
upper portion 3, that may be secursd {0 any suif-
able supporiing port, and psarallel depending
plates 7 and 8 which preferably mey be integral
with the ploner part 2. A suitahble axisl member
9, extending between plates 7 and 8, mey carry
an inner rotor 10 which mey be substantially in

the form of ¢ pinion heving euternal tecth 132. .

An outer rotor or casing 25 mey be cccentricnlly
dizposed in relation to the nner rotor 10 end sy
be provided with internsl testh 14. ‘
Preferably, however, in order to increzse the
volumetric capacity of the apparsius I provide

_one or more intermediate rofors in the form of

tortuous annuler shells, one of which iz shown
in the sccompanying drawings and is designated
by the numeral 15. This shel] prefersbly pro-
vides internal end external testh 16 end 1%, which
mesh with the teeth 12 and 14, respectively, of
Ag shown, the teeth

{ the rotors are designed eondinually o engage
each other throughout itheir movement. In
other words, sach tooth has o substeniielly con-
tinuel line contact with the adivining roter, the
teeth kelng in deeply or closely meshed enzage-
ment at the region of minimum pocket cepaclty,
i. e. in the plene of the sxes of the rotors.
Bince the teeth coniact in this manwer, it is evi-
dent that the shell 15 mey be held in position be-
tween the rotor 10 =nd the casing 25 without
need for eny sdditional supsort.

Sultsble mesns ig provided to support end de-
fine the axis of rofetion of the outer casing 95,
such meens comprising & plurslity of paivs of
rollers 20 and 20° which heve oxizl extensions
2% and 129 supporied by the piatss 7 and 8. As
shown, the axisl exbensicns 31 of the lower roll-
ers may be cerried on depending parts 23 of
the plates 7 and 8, belng mounted upon bearing
blccks %< which gliidebly engage slots 252 in the
exiensicns 23, the bearing blocks being relaived
in position by adjusting screws 28 which are
threaded into plates 27 secured to the exien-
slong 23. -

Preferably the rollers 20 may be syranged in
spaced palrg end may engage spaced peripheral
nortions of the cesing or outer rolor 28, Belween
these persilel portions the rotor mdy be pro-
vided with externsl geay festh 29 which mesh
wiilh the teeth of & gesr 124 mounted upon the
ghait 126 which carries the upper peir of rollers
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20, Shaft 129 meay receive power from any suit-
able source, if the apparatus operaies as & purnp,
or may supply power for any desired purpose,
such for example as driving = propeller, if the
epparatus acts as a motor.

Preferably the shaft 129 and the upper pair of
rollers 208 are mounted to permit & sight move-
ment thereof to compensate for the expansion of

the rotors under heat snd to maintain the rotor )

teeth in substentially constantly meshed engage-
ment despite heat expsnsion. For this purpose

the sheft 122 is carried in bearing blocks. 128

slidably mounted in siots 127 in the plates 7 and
8, heavy coil springs 125 being disposed in the

support 1 te urge the blocks 128 and the shalft

128 downwardly, thereby yieldebly holding the
rotors in closely meshed engagement and yield-
ably determining the relative position or spacing
of their eccentric axes.

Freferably the rotors may directly engege one
of the depending plates of the support 1, such as
the plate 7, while the plate & may be spaced from
the other ends of the rotors, and s special form
of end plate 31 having & rotary mounting upsn
the shaft'8 may be disposed between the plate &
and the rolors. A tension spring 34 preferably
connects an extension or ear 33 upon the plate 31
and a fixed part of the support 1, thersby jending
to oppose and restrain the rotstions! movement
of piate 31 gbout axial support 9 in resvonse o
the frictional drag of the rofors. The cuter face
of the plate 31 may be provided with one or more
civcumferentially inclined recessed portions or
surfaces 32 which incline outwardly in the di-

rection of rofor movement. A ball 38 mounted.

in a2 recess 35 in the plate 8 wmay be engased by
the socket of a reteining nut 49, the ball thus
being held egainst the inclined surface 32, and
this fending to hold the plate 38 against the ro-

tors. As the plate 31 moves ageinst the action |

of the spring 34 due to the frictionsl drag of the
rotors, the ball 38 is pressed oubtwardly inio en-
gagement with g deepsr portion of the recess %3,
and the pressure of the spring 39 i less; accord-
ingly the force with which the plate 51 i3 held
against the rotors Is sutomsablcally reduced a3 the

5
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plate turns against the action of spring 24 in re-

sponse to irictionel drag. Thu: the plate hes &
slight outward movement axially of the rotors to
cempeneate for any tendency toward an incrsass
in friction between these paris, and besring plate
31 mayengage the rotors with a substenially:d
stant force despite heat expsnsion, varietions
lubricating conditions or the like. Preferably the
rotors are arranged so that they have fres end-
wise movement in relation to the axis! support 9,
thus permitting & similer maintensnce of satie-
fectory Zrictional engagement between the rotors
and the fized wlate 7. :

While various designs of teeth may be employed

o permit the atisinment of the desirsd result,
Fig. 6 shows, the preferred manner of laying ous
the teeih of the varicus rolors. As previcusly
steted, each rotor hag one less tooth thenm the
adjoining outer robor. Thus the rolor 10 mey
have five teelh, the rolor or shell 15 have six
teeth, and the rotor or casing 25 heve seven teeth,
Accordingly in laying out the teeth piich cirvcles
£, B and C, corresponding to the rotorg 335, 15 and
18, may be arranged within one another and
tengent to each other, the dlameters of these cir-
cles being proporiioned in accordence with the
respective number of teeth of the rolors. Hypo-
cycloids are then inseribed within each of the cir-
¢les, the hypocycloids within each circle contaci-
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'ing with each other and the circle at nodes or

points corresponding in number with the number
of teeth which the corresponding rotor is to pos-
sess. ‘Thus there will be seven points of .contact
upon the piteh circle A. It is evident that the
inscribed hypocycloidal figures contact with one
another at the points of intersection or contact
with the pitch circles. Furthermore, these fig-

ures, if rotated about their respective pitch cirele

centers at speeds proportional to the diameters of
these circles, would continue to contact with each
other, thus simulating the continual: contacting
engagement of the rotors. The gear teeth are
‘then designed by rolling circles upon the hypo-
cycloidal figures, a circle of a given diameter D
being rolled about the inner hypocycloidal figure
C’ within the circle C to define the contour of the
rotor 10. A circle D of similar diameter is then
rolled ebout the hypocycloidal figure B’ to define
the internal teeth of the shell 15. A circle of
larger dismeter, designated £, is then rolled about
the same hypocycloidal figure B’ o deflne the ex-
ternal teeth of the rotor 15. It is thus evident
that the roter 15 may be made in the form of &
tortuous ennular member having constant thick-

pess and that the diameters of the circles D and

E differ by the desired thickness of the shell. The
circle E is then rolled about the outer hypo-
cycloidal figure A’ to define the internel teeth of
the casing 15. Obviously the same method of
procedure may be employed when more than one

_lntermediate shell is provided.

The apparstus as thus far descrived may be
adapted for a wide variety of purposes by the pro-
vision of suitable ports in one or both of the end
plates. It is evident, for example, that the de-
viee may be used as & pump of & COmMpPressor, or
as o motor driven by pressure fuid, such as steam
or compressed air. An especially advantageous
arrangement of the apperatus, however, permits
its employment as an efidcient, compact, light, in-
ternal combustion engine having easy starting
characteristics and uniform torgue. To permit
these desirable results, & combustion chamber 41,
which preferably may be lined with refractory
meterial 42, may be disposed in the end plate 7,
this chamber preferably having an open side com-~-
fnunicating with the fiuid pockets in the region of

‘their mintmum capacity and having & limited ex-

tent at the side of the plane of the axzes of the
rotors where the pockets are contracting in vol-
ume snd having a greater extent at the opposite
side of this plane, the shape of the pocket being
shown, for example, in Figs. 1 and 3. Preferably
the pocket does not extend inwardly beyond the
piteh circle for the shell 15. ’ _
The lower parts of the plates 7, 8 and 31 may
be broken away, as designated by numerel 69, so
that the ends of the fluid pockets are open to the
st{mosphere when
meaximum capacity. Preferably the cut-away
portion of the walls extends farther in the di-
rection of pocket contraction than in the direc-
tion of pocket expansion, &s shown in Fig. 1, al-
though this srrangement may be diminished or
reversed to proevide & superchanging effect, it
desired. In other words, the cut-away portion
may be arranged 50 that & much higher maxi-
mmum compression of the charge could be attained
than would be the case with the arrangement of
its cdge adioining the contraciing pocket por-
tions in the position shown in Fig. 1. A& suitable

 fuel pump. 43 may continuously supply fuel such

(]

a duct 44 to the com-

as & suitable oil through ‘
44> may be associated

bustion chambper. A valve

they are in their region of .

with duct 44 to regulate the amount of fuel sup-
plied to the motor. A blower 53 may be arranged
to supply a blast of air to the open ends of the
pockets at the lower part of the apparatus.
Under these conditions the pockets will be filled
with air when they are in their reg.ons of maxi-
mum capacity and then will contract, compres-
sing the air until the air can pass into the charge
chamber 41. The pressure existing in the charge
chamber may be sufficient to ensure ignition of
the mixture of fuel and air, and accordingly the
same may pass out of the larger opening at the
right of the axial plane, as viewed in Fig. 3, into
the expanding pocket. At opposite sides of the
axial plane and at equal distances therefrom
the. pressure to which the pockets are subjected
is thus greater upon the expansion side of the
device and produces a net torque moving the
rotors and abstract:ng work from the combus-
tion gases. As the expansion continues the pock-
ets come into communication with the open-
ings provided by the broken-away portions of
the end walls and the burnt gases are free to
escape. The force of the air blower 50, the pro-
peller or the like, sids in scavenging the pockets

3
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of gas, and ensures filling of the same with fresh .

air, which is again compressed as the pockets

. contract and pass between the closed wall por-

tions, and the cycle is repeated.

Under many conditions it may be desirable to
provide means such as a spark plug 56 to aid in
heating the cherge in the combusqon chamber,

108

such means being employed continuously or upon

starting, as may be necessary. It is evident that
no sccurate t:ming means need be provided for
such a spark plug but that it may be supplied
with high tension current in any suitable man-
ner, for example;, by any make and break sys-

tem. Starting of the motor may be readily ef--

fected through the shaft 129, either by a crank
or any conventionsal starter.

When the expansion of gases is thus effective
in causing relative movement and rotation of
the rotors, the power, thus developed is imparted
through gears 29 and 124 and the shaft 129 from

which it may be delivered to any suitable point.

1t is evident that the yieldable mounting of the
shafts 9 and 129 is particularly advantageous
when the apparatus is to be employed as a motor
due to the high temperatures developing in the

i10
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device and consequent heat expansion. Fur- .

thermore, this arrangement ensures the correct
t'ghtness of engagement of the rotor teeth at the
high pressure portion of their cycle whether new

or worn, and whether copiously or sparingly Iu-.

bricated. The yleldable mounting of the end
plate 31 is also advantageous to permit the de-

130

vice efficiently to operate under various thermal -

conditions and have its high pressure portions
remain substant:ally fluid tight. Furthermore,
the cooling of the rotors is ensured by the con-
stant blast of cool air supplied to their exposed
portions at the low pressure part of the appa-
ratus. The cooled rotors accordingly are ef-
fective in receiving heat from the hot end walls
and thus especially in cooling these portions of
the device, although it is evident that these parts
of the apparatus may advantageously reach. a

relatively high - temperature, thus aiding the-

thermal efficiency of the engine without inter-
fering with its mechanical efficiency. )

From the foregoing it is evident that I have
provided & new type of fluid, pressure apparatus
which is characterized by the ‘employment of
rotatable parts defining - pockets. which expand

138
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4
and contract in response to the rotating move-
ment of the rotors, thus providing the device with
substantially uniform torque and freedom from
vibration or tendency to be noisy. A device of
this character is. particularly advantageous when
employed as an internal combustion engine due
to the high volumetric efficiency permitted, the
fact that the fluid receiving portions of the de-
vice perform useful work for a very large pro-
portion of their circuits, and particularly due
to the fact that the torque may be substantially
uniform and free from explosive shocks.

It should be understood that the present dis-
closure is for the purpose of illustration only
and that this invention includes all modifications
and equivalents which fall within the scope of
the appended claims. .

Iclaim: )

1. Apparatus of the class described comprising
a rotatable casing having internal teeth, a rotor
eccentrically mounted in the casing and having
external teeth, an intermediate annular shell
providing internal and external teeth, which are
received between the teeth of the rotor and cas-
ing respectively, said shell being disposed eccen-
trically between. the rotor and the casing, and
side- walls at the end of the casing, said walls
cooperating with the rotor and shell in providing
one set of fluid pockets and with the casing and
shell in providing another set of fluid pockets.

2. Apparatus of the class described comprising
a rotatable casing having internal teeth, a rotor
eccentrically mounted in the casing and having
external teeth, an intermediate annular shell
providing internal and external teeth, which
are received between the teeth of the rotor and
casing respectively, said shell being disposed ec-
centrically between the rotor and the casing,

and side walls at the end of the casing, said’

walls cooperating with the rotor and shell in
providing one set of fluid pockets and with the
casing and shell in providing another set of fluid
pockets, one of said walls being provided with s
port communicating with said fluid pockets.

3. Apparatus of the class described comprising

. a rotatable casing having internal teeth, a rotor

58

eccentrically mounted in the casing and having
external teeth, an intermediate annular shell
providing internal and external teeth, which are

. received between the teeth of the rotor and cas-

ing respectively, said shell being disposed eccen-
trically between the rotor and the casing with
its central axis disposed in the plane of the axes
of rotation of the rotor and casing, the teeth of
the rotor meshing with the internal teeth of the

- shell and the teeth of the casing meshing with

86
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the external teeth of the shell in the ‘region of
said plane, and side walls at- end of the casing,
sald walls cooperating with the rotor and shell

.in providing one set of fluid pockets and with

the casing and shell in providing another set
of fluid pockets.

4. Apparatus of the class described comprising
a rotatable casing having internal teeth, a rotor
eccentrically mounted in the:casing and having
external teeth, an intermediate annular shell pro-
viding internal and external teeth, which are
received between the teeth of the rotor and cas-
ing respectively, said shell being eccenfrically
mounted in relation to the rotor and the casing
with its central axis disposed in the plane of the
axes of rotation of the rotor end casing, the
teeth of the rotor closely meshing with the in-
ternal teeth of the shell and the teeth of the
casing closely meshing with the external teeth

1,088,118

of the rotor in the region of said plane, and side
walls at end of the casing, said walls cooperating
with the rotor and shell in providing one set of
fiuid  pockets and with the casing and shell in
providing another set of fluid pockets, a com-
bustion chamber adjoining the region where the
teeth mesh. closely, and said chamber communi-
cating with the pockets at each side of said
plane. ‘ .

5. A motor comprising an outer rotatable cas-
ing, an inner rotor, and an intermediate annular
member, said casing, rotor and annular member
each having axes of rotation eccentric in rela-
tion to each other and in substantially the same

plane, the rotor, annular member, and casing .

cooperating in providing pockets successively
moving through a continuous circuit between a
region of minimum volume and a region of maxi-
mum volume, a combustion chamber communi-
cating with the pockets in the region of mini-
mum volume on each side of said plane and
means for supplying fuel to said chamber, and
means to supply fresh air to the pockets in their
region of maximum capacity and to perimit the
movement of gases of combustion therefrom.

6. A motor comprising an outer rotatable cas-
ing, an inner rotor, and an intermediate annular
member, said casing, rotor, and annular member
each having axes of rotation eccentric in rela-
tion to each other and in substantially the same
plane, the rotor, annular member and casing co-
operating in providing pockets successively mov-
ing through a continuous circuit from a region
of minimum volume to & region of maximum
volume, a combustion chamber communicating
with the pockets in the region of minimum vol-
ume on each side of said plane, and means for
supplying fuel to said chamber, end walls co-
operating with casing, shell and rotor in pro-
viding said pockets, said walls having opposite
openings to permit the exhaustion of burnt gases
from the pockets and infiow of air thereto in
the region of maximum pocket capacity.

7. A motor comprising an outer rotatable cas-
ing, an inner rotor, and an intermediate annular

o
100
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member, said casing, rotor and annular member

each having axes of rotation eccentric in rela-
tion to each other and in substantially the same
plane, the rotor annular member and casing
cooperating in providing a series of pockets suc-

cessively moving through a continuous circuit

from g region of minimum volume to a region
of maximum volume, & combustion chamber
communicating with the pockets in the region of
minimum volume on each side of said plane,
and means for supplying fuel to said chamber,
end walls cooperating with casing, shell and rotor
In providing said pockets, said walls having op-
Posite openings {o permit the exhaust of burnt
gases and inflow of air in the region of maximum

135

pocket capacity, and draft inducing means for

purging the pockets of burnt gases and flling
them with fresh air.

8. Apparatus of the class described comprising
a plurality of eccentrically disposed rotors, said

rotors having their eccentric axes of rotation sub- -

stantially in a common plane, and cooperating
with each other in providing a plurality of series
of fluid pockets, each series of pockets moving be-
tween a region of maximum capacity and a region
of minimum capacity, said regions each being
substantially in the vicinity of said common plane

145

and the regions of minimum capacity of each of

the series of pockets being at one side of the ec-
centric axes and their regions of maximum cg~

150
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pacity being at the opposite side of said axes, and
wall elements cooperating with said rotors in
enclosing the pockets, a wall element providing
an opening for fiuid fiow adjoining the. region of
minimum pocket capacily, and s wall element

providing ar cpening for fluid fiow in the region-

of maximum pocket capacity. )

9. Appsratus of the class described comprising
a, plurality of eccentrically disposed rotors, said
rotors having their eccentri¢ axes of rotation sub-
stantially in 2 common plane, and cooperating

 with each other in providing 8 plurality of series
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of fluid pockets, each series of pockels moving
between & region of maximum capacity and &
region of minimum cepacity, and wall elements
coopersting with said rotors -in enclosing the
pockets, and a combustion chamber communicat-
ing with each of said series of pockets at both
sides of the commeén plane in'the region of mini-
mum pecket capacity.

10. Apparstus of the class Gescribed comprising
a plurality of eccentrically disposed rotors, said
rotors having their eccentric axes of rotation sub-

‘stantially in e common plane, and cooperating

with each other it providing & plurality of series
of finid pockets, each series of pockets moving

between a region of maximum capacity and a re-

gion of minimum capacity, and wall elements co-
operating with s2id rotors in enclosing the pockets
and s combustion chamber communiceting with
each of said series of pockets at both sides of the
common blane in the region of minimum pocket
capacity, said wall elemenis being broken away
at each end of the roters in the region of maxi-
mum pocket capacity. :

i1, Apparatus of the cless described comprising
a plurality of eccentrically disposed rotors, said
rotors having their eccentric axes of rotation sub-
stantially in & common plane, ang cocperating
with each other in providing a plurslity of series
of fluid pockets, each series of pockets moving
between & region of maximum capacity and a re-
gion of minimum capacity, and weall elemenis co-
operating with said rotors in enclesing the pock-
ets, and a combustion chamber communicating
with each of said series of pockeis at both sides
of the common plene in the region of minimum
pocket capacity, and means for igniting the
charge in said chamber. .

12. Apparatus of the class described comprising
g plurality of eccentrically disposed rotors, said
rotors having their axes of rotation substantially
in & common pline, the rotors providing mutually
intermeshing tecth, and thus cooperating with
each other in providing a plurality of series of
fluid pockets each series of pockets moving he-
tween a region of maximum cepacity and a region
of minimum capacity, and wall elements cooper-
ating with said rotors in enclosing the poclkets,
a wall element providing an opening for fiuid
flow adjoining the region of minimum pocket ca-
pacity, and a well element providing an opening
for fiuid fiow in the region of maximum pocket
capacity. )

13. Apparatus of the class described comprising

a plurality of rotors disposed ececentrically one.

within the other, each rotor having teeth engag-
ing with another rotor, the outer rotor having
internal teeth meshing with external teeth upon
the adjoining rotor, the latter also having internsal
teeth engaging with exbernal teeth upon the ad-
faining inner rotor, there being one less externsl

‘tooth upon each of tha inner rotors than the num-

ber of intermeshing internal testh upon the ad-

5

joining rotor, each of teeth having a line contact
with. a tooth upon an adjoining rotor, and end
walls cooperating with said teeth in providing
fluid pockets and openings communicating with
said pockets. ; ‘
14. Apparatus of the class described comprising
a plurality of rotors disposed eccenirically one

‘within the other, each rotor having teeth engag-

ing with another rotor, the outer rotor having
internal teeth meshing with external teeth upon
the adjoining rotor, the latter also having internal
teeth engaging with external teeth upen the ad-
joining inner rotor, there being one less external

tooth upon each of the inner rotors than the num-

ber of intermeshing internal teeth upon the ad-
joining rotor, each of testh having & line contact
with a tooth upon an adjcining rotor, and end
walls cooperating with said teeth in providing
fluid pockets and providing openrings commuini-
cating with said pockets, and means yieldably
holding the teeth of the rotors in intermeshed en-
gagement, but permitting limited variatien in the
spacing of the axes of the rotors.

15. Apparatus of the class described compris-
ing a plurality of eccentrically disposed rotors,
said rotors cooperating with each other in pro-
viding & series of fuid pockets, the pockets mov-
ing between a region of maximum capacity and.
a region of minimum capacity, wall elemenis co-
operating with said rotors in enclosing the pock-
ets, a wall element providing 2 fluid inlet, and &
wall element providing for fluid outiet, one of said
wall elements having a limited rotational move-
ment in response to its frictional engagement
with the rotors, yieldable meens opposing the
rotational movement of said wall element, and
holding means retaining the wall elemeni in
engagement with the rotors, but permitting its
slight cutward movement in response to rotation-
'al movement against the yieldable means, where-
by tendency of the friction between the rotors
and wall element to increase is automatically
compensated. . ’

18. Apparatus of the class described compris-
ing g rotor, a bearing member in frictional en-
gagement therewith, supporting and holding
means for the rotor and bearing member con-
structed to permit the rotor to rotate freely and
the bearing member to rotate slightly, said
means including s yieldable element permitting
and opposing such a movement of the bearing

member, sald means also including & part en-

gageable with & part of the bearing meinber, one
of saeid parts having an inclined surface engag-

ing & bearing Surface on the other part to per-

mit the slight cutward movement of the bearing
member in relation to the rotor in response to
the slight rotation of the bearing member due to
frictional drag, thereby permitting automatic
compensetion for the tendency of friction to in-
crease between the bearing member and rotor.

17. Apparatus of the class described compris-
ing g plurality of rotors defining expansible-con-
tractible pockets arranged eccenirically one

within the other, a fixed axial mcunting for the 3
inner rotor, supporting means for-the outer ro-'

tor including & rotatable element, and yicldable
means pressing said element against the cuter
rotor and toward tte inner rotor in the direction
of & plane including the axes of the inner and
outer rotors, whereby the rotors are yleldably
pressed: toward each other in the region where

“thé pockets have their minimum volumges.
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