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| of rotation.

‘cam inclines upon its extremities adapted to
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Application filed March 20,

Spebi‘ﬁcation of Letters Patent. Patentéd_ May 31, 1910, .

1909. Serial No. 484,841.

To all whom 1t may concern: !

Be it known that I, GroreeE HURLSTONE
Harpy, engineer, a subject of the King of
Great Britain, residing at Twickenham, 1n
the county of Middlesex, England, have 1n-
vented certain new and useful Improvements
in and Relating to Rotary Engines, of which
the following 1s a specification.

This improved form of engine possesses
two principal members of which one termed
the “rotor” is a drum-like body possessing
three (or more) adjacent parallel-sided an-
nular chambers separated from each other
by uniform substantial disk-like partitions;
thus the rotor has a number of annular chan-
nels side by side at regulated intervals along
its periphery. This rotor carries four (or
more) sets of vanes which slide longitudi-
nally (that is to say, across the disk-like
partitions and annular channels) in deep
narrow grooves which are radial to the axis

Fach annular channel has in ong quarter
a fixed abutment, but these abutments are
so disposed that every abutment (obstruct-
ing the continuity of a chamber) is diago-
nally opposite the abutment in an adjacent
chamber. The inlet and outlet ports of the
chambers are valveless peripheral openings
immediately before and behind the abut-
ments. |

The second principal member is termed
the “stator” which comprises all the fixed
parts and includes the cylindrical case which
encompasses the rotor and which holds the
above mentioned abutments in their fixed
stations. It is a special feature of the cylin-
drical part of the stator that it has external

reciprocate the sliding vanes while they are
being carried around in the rotor. These
inclines are sinusoidal curves acting as face-
cams, drawing the sets of vanes to-and-fro
with smooth harmonic motions. The sinus-
oidal curves are spaced on alternate quad-
rants (a little more or less), and are sepa-
rated by alternate flat quadrants (a little
more or less). Tt is essential that the curva-
ture of the inclines should be absolutely |
sinusoidal transmitting to the set of vanes
during their reciprocated movements the ex-
act ratio of acceleration and retardation (al-
ternating backward and forward from zero |

to a maximum and back again to zero) which

is inherent in the swing of the pendulum
and is mathematically defined as the * sine-
curve ” ratio expressed in the equation for-

mula:

mz 3
bz'l“ gz =1
wherein 2 is half the major axis, while ¢ is
half the minor axis of an ellipse.

My improved construction is illustrated
in the accompanying drawing, in which—

Figure 1 is a side elevation of the rotor
and two of the sets of sliding vanes de-
tached; Fig. 2 is a longitudinal section
through the case of the engine; Fig. 3 1s a
side elevation of the internal cylinder; Kig.

4 is an end elevation of one of the abutments;

Fig. 5 is a side elevation, on a reduced scale,
of a rotor having a modified arrangement of
the annular chambers to permit of working
expansively or effecting compression. Ifig.
6 is a side elevation of a rotor suitable for

a rotary motive engine propelled by high

pressure elastic fluid working by graduated
expansion. [ig. 7 is a side elevation of the
inner shell-like case which surrounds the
rotor, and Fig. 8 is a side elevation of the
external cylindrical case thereof.

The essential members of this apparatus
comprise the rotor R, the shaft S, and the
stator (partly in section) which 1s an en-
compassing cylindrical case T having an n-
ternal cylinder C holding three statlonary
abutments Bt, B2, B2 The rotor R 1s a
drum-like body furnished with two, three,
or more, adjacent annular channels which
are the working chambers of which the con-
tinuity is interrupted by the interposed sta-
tionary abutments B!, B? B® The rotor
carries longitudinally shiding vanes v, v,
v, v, which receive a reciprocating move-
ment during rotation by the cam-like guid-
ing action of their extended terminal parts,
which press against curvature inclines ¢*, ¢’,
¢2, ¢*, on the flanks of the internal cylin-
der C. ' '

Itisto be observed that the sinusoidal cam
actuation of this arrangement is preferably
intermittent, and may with advantage be
divided and applied in two diametrically
opposite quadrants (or divisions slightly

exceeding a quadrant).
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The internal cylinder C, shown separately | trates a rotor furnished with. three annular

in Fig. 8, is furnished with two longitudi-
nal grooves on its periphery across which
are cross-slots in which the abutments B,
B?, B? are fixed. Abutment holding plates

A, A, lie in the two grooves and across re-
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~ Every annular chamber may be consid-
ered to have four quarters, namely, an abut-

ment holding quadrant, a working chamber ;

quadrant, and two intermediate quadrants

~which are fluid circulating quadrants, one

containing the inlet and one the outlet port.
Throughout the rotor the disposition of the
four quarters are arranged so that every

- working chamber quadrant and its abut-

20

ment holding quadrant are diagonally oppo-
site the similar working chamber quadrant
and the abutment quadrant of any immedi-
ately adjacent chamber. Thus in Fig. 2 the
abutments B* and B?* are diagonally oppo-

- site the abutment B?; in every chamber the
~1nlet and outlet ports are diametrically op-
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posite each other and tangential to the di-

rection of the flow of the circulating fluid.
The abutments may be for some uses of hard

~metal, but for other uses they may be of

antifriction metal, or even of fusible metal
such as may be cast in position.
The mternal cylinder C is encompassed

by one outer cylinder T which is made in

two semi-cylinders bolted together; these
semi-cylinders may have attachments hold-
ing them fixed to a bed plate, or they may
have attached end cover plates connected to

a bed plate, or the whole apparatus may be

otherwise fixed in any ordinary way to a
foundation, while suitable supports and an

end thrust bearing may be furnished for the

central shaft. - -

In the side view of abutment B2 shown in
Fig. 4 the engine working chamber, the two
ports, and the situation of the inlet and out-
let channels are shown in dotted lines, the
pressure of the holding plate A upon the
abutment B? can be effected by set screws.

The plan of having more than two work-
ing chambers on one rotor greatly econo-
mizes space and weight; the vanes are timed
to work alternately i adjacent chambers in
quadrants contiguous with adjacent abut-
ments. The outlet of a central chamber
may lead to the inlets of two flanking cham-
bers for working as a motor by steam ex-
pansively. Conversely the outflow from two
chambers may go to one central chamber for
working as, say, an air compressor by stages.
Otherwise the outflow from one chamber

may be joined to the outflow of one or more

chambers of the same rotor, or the outflow
may be shunted by a suitable two-way cock
or cocks and led twice or thrice around the
rotor before being finally led away.

Fig. 5 (drawn to a smaller scale) illus-

“channels which provide three adjacent work-

ng chambers 1, 3, and 2, of graduated ca-
pacities; the longitudinal width of each

- chamber and of the intervening partitions a,
¢, 1s uniform throughout, but the depths of
taining notches in the tops of the abutments. |

the chambers 1, 2, and 3 are to be in a gradu-

~ated ratio of increase suitable for the circu-
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70

lation of, say, steam working expansively or
(1n the reverse cdirection) for air compres-

S101., |

6) 1s provided with seven annular channels
numbered consecutively, the abutments of
channels 1, 3,5 and 7, on the opposite side

from that on which Fig. 6 is taken, being

diagonally opposite the abutments B2, BX,

- BY, of channels 2, 4, and 6. In Fio. 6 the

vanes which slide in the longitudinal
OT00VeS
omitted. . _

The case C (Fig. 7), which encompasses
the rotor, is provided with external sinus-
oidal cam-curves on each flank. A longi-

tudinal groove holds the cross-piece A which -
ixes the abutments B2, B4, and B¢, extend-
g into channels 2, 4 and 6. In front of

abutment B* (as also at B2 and B®) is an
inlet port P, while behind same is an eutlet
port P1. '

In working

by high ‘pressure steam (expanding by

stages) the inflow throueh P into chamber 4.
ot =

emerging from the outlet port P! is led by
the biturcating passages P2, P2, into the in-
let ports of the two chambers 6 and 2:
whence reémerging from the latter it is led

by passages bifurcating from the channels

P? and P° to the inlet ports of the four
chambers 1, 3, 5 and 7; these four inlet ports

as hereinbefore described are

S | 75
In the engine illustrated in Figs. 6 to 8§
inclusive intended to work by graduated
expansion or exhaustion the rotor R (Fig.
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as an elastic fluid motor, say
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are 1ndicated in broken lines being on the

hidden side of the figure. After the third

stage the steam, expanded to a low pres-

| sure, 1ssues from the outlet ports of cham-

bers 1, 3, 5 and 7, being led to exhaust or

collected into one common channel and con-

ducted to a condenser. -
The external cylindrical case T (Fig. 8)
1s In two halves bolted together and encom-
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passes cylindrical case C. Said case T is

provided with inlet pipe O leading direct
to inlet port P of chamber 4 (Fig. 7). On
the opposite side of external cylindrical case
T 1in line with outlet pipe O are the exhaust
outlet pipes, which are shown in dotted
Iines. . |
Instead of internal passages connecting
outlet to inlet ports of diff
as above described and illustrated, all (or
some) 1nlets and exits can be by pipe con-

nections of which the pipes are led to the
i ports directly (or tangentially to the circuit

erent chambers
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of the rotor) through the inner and outer
encompassing cylindrical cases; the separate
inlet and outlet pipes will then be joined as

required externally by junction pieces of any

ordinary description.

What I claim as my invention, and desire

‘to secure by Letters Patent, 18—

1. A rotary engine having a rotor pro-
vided with a plurality of working chambers
in the form of parallel-sided annular chan-
nels separated from each other by uniform
disk - like partitions and having adjacent
working chambers diagonally opposite each
other, abutments of adjacent annular chan-
nels diagonally opposite each other, periph-
eral inlet and outlet ports for said chambers,
cets of vane-like pistons reciprocative lon-
oitudinally in radial grooves across the rotor
and having wing - like extremities, and a
stator having external sinusoidal inclines
against which said wing -like extremities
bear. |

0. A rotary engine having a rotor pro-
vided with a plurality of working chambers
in the form of parallel-sided annular chan-
nels separated from each other by unitorm
disk - like partitions and having adjacent
working chambers diagonally opposite each
other, abutments of adjacent annular chan-
nels diagonally opposite each other, periph-
eral inlet and outlet ports for said chambers,
sets of vane-like pistons reciprocative longi-
tudinally in radial grooves across the rotor
and having wing - ike extremities, and a
stator having external peripheral cams on
the end faces of its cylindrical part with si-
nusoidal curved inclines intervening between
Aats on alternate quadrants. '

3. A rotary engine having a rotor pro-
vided with a plurality of working chambers
in the form of parallel-sided annular chan-
nels separated from each other by uniform
disk - like partitions and having adjacent
working chambers diagonally opposite each
other, abutments of adjacent annular chan-

nels diagonally opposite each other, periph- i

o

" eral inlet and outlet ports for said chambers,

sets of vane-like pistons reciprocative longi-
tudinally in radial grooves across the rotor
and having wing-like extremities, and a
stator comprising a cylindrical case having
cam-curves on its end faces, the wing-like

extremities of said pistons bearing against

said end faces of the stator.

4. A rotary engine having a rotor com-
prising a drum-like body provided with a
plurality of adjacent annular groove- like
chambers, a stator having fixed abutments
entering said chambers, the abutment of one
chamber being diagonally opposite the abut-
ment of an adjacent chamber, intercommuni-
cating passages to convey the outflow from
one chamber to the inlet ports of other
chambers.

5. A rotary engine having a rotor pro-
vided with a plurality of working chambers
in the form of parallel-sided annular chan-
nels separated from each other by uniform
disk - like partitions and having adjacent
working chambers diagonally opposite each
other, abutments of adjacent annular chan-
nels diagonally opposite each other, periph-
eral inlet and outlet ports for said chambers,
sets of vane-like pistons reciprocative longi-
tudinally in radial grooves across the rotor
and having wing-like extremities, and a
stator comprising a cylindrical case encom-
passing the rotor and formed in. two parts,
one part being an external case and the
other an internal case which latter has cam-
curves o its end faces, the abutments being
securely held in position by the stator, sald
stator having inlet and outlet passages com-
municating with peripheral ports that com-
municate with the chambers in the rotor.

In testimony whereof I have signed my
name to this specification in the presence of
two subscribing witnesses.

G. HURLSTONE HARDY.

Witnesses:

Cmas. A. ALLISON,
Wi, MarRKHAM.
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