EP 0 429 650 A1

IR

(9) uropean Patent Office
. .a) e retent O @ Publication number: 0 429 650 A1

Office européen des brevets

® EUROPEAN PATENT APPLICATION
published in accordance with Art.
158(3) EPC
@) Application number: 89912290.7 & Int. c1.5: FO1C 3/00, GO1F 11/00

@) Date of filing: 24.05.89

International application number:
PCT/SU89/00134

International publication number:
WO 90/14503 (29.11.90 90/27)

Date of publication of application: @ Applicant: TSELEVOI
05.06.91 Bulletin 91/23 NAUCHNO-TEKHNICHESKY KOOPERATIV
*STIMER"
Designated Contracting States: ul. Sovnarkomovskaya, 13a
AT DE FR GB IT NL SE Bulletin Kharkov, 31002(SU)

@ Inventor: PROGLYADA, Leonid Petrovich
per. Afanasievsky, 11a
Kharkov, 310015(SU)

Representative: Lerwill, John et al
A.A. Thornton & Co. Northumberland House
303-306 High Holborn
London, WC1V 7LE(GB)

&) VOLUME-EXPANSION STEAM ROTOR ENGINE.

@ A volume-expansion steam rotor engine with a
spherical rotor consisting of a disk-shaped dia-
phragm (2) hingedly connected to mutually perpen-
dicular blades (3, 4) located on the opposite sides of
the diaphragm (2) and forming, together with the
latter, inside the casing, working chambers of vari-
able volume. Two volume dosers (6, 7) are provided
for dosed feeding of the working medium each of
them being connected by its input to a main (32) for
feeding the working medium, and by its output to a
corresponding section of the working machine in a
zone where the working chambers have a minimum
volume.

Xerox Copy Centre



1 EP 0 429 650 A1 2

ROTARY STEAM EXPANSION ENGINE

Technical Field

The invention relates to the mechanical en-
gineering, and in particular, to rotary steam expan-
sion engines.

The invention may be most advantageously
used in vehicle engines ensuring reverse move-
ment, movement by inertia and engine braking.

The invention may be used in engines in var-
ious power producing plants.

Background of the Invention

It is generally known to use both steam piston
engines and turbines as steam power producing
plants and engines for vehicles. Advantages of
steam engines, especially in urban use, in compari-
son with internal combustion engines, is the pos-
sibility of using any fuel, absence of no-load opera-
tion and negative effects on ecological parameters
of the environment.

The main disadvantages of steam pistoon en-
gines are:

- heavy-weight reciprocating parts limiting en-
gine speed;

- dead volumes in cylinders of steam engines
lowering their volumetric efficiency;

- unwieldy reverse device because of its kine-
matic connection with the power fransmis-
sion;

- absence of possibility of increasing adiabatic
steam expansion in a single cylinder without
an increase in its size while retaining piston
force which materially unfluences power-to-
weight ratio.

Steam turbines do not have reciprocating parts,
but their employment on vehicles with a low power-
to-weight ratio is rather ineffective because of a low
efficiency under varying load.

The overall efficiency of an engine includes the
thermal efficiency (the ratio of maximum possible
work to consumed thermal energy), the mechanical
efficiency (the ratio of maximum work to a work
without taking into account friction losses) and the
volumentric efficiency (the ratio of volume of uti-
lized fluid to maximum volume of the working
chamber).

Known in the art is a reversible air vane motor
{SU, A, 435358) comprising a casing accommodat-
ing a stator and a rotor having radial slots accom-
modating radially movable vanes, and a metering
device for supplying fluid. The stator walls have
primary exhaust ports located on either side of its
plane of symmetry and equally spaced therefrom
and having devices for their automatic shutting on

10

15

20

25

30

35

40

45

50

the inlet side. Energy losses are high in this motor
because of the action of centrifugal forces upon the
vanes with an increase in the rotor speed since the
vanes move with friction with the inner surface of
the stator. Misalignment of the vanes results in an
additional friction in the slots. These were the rea-
sons why the mechanical efficiency of the air motor
decreased. Throtiling of fluid also results in energy
losses in the form of thermal losses to reduce the
thermal efficiency. In view of the above consider-
ation, the overall efficiency of the air motor is rather
low. In addition, the reverse device in this air motor
is very complicated as it has a large number of
valves operating only in the presence of fluid.
These disadvantages also impair weight and size
characteristics of the motor. In case such a motor
is used in a vehicle, fluid is consumed under brak-
ing conditions, hence energy is consumed. Engine
braking without fluid is impossible. The design
does not provide for a rotor speed control with
forward and reversed rotation thus limiting applica-
tion of the air motor as a steam engine for a
vehicle.

Known in the art is a reversible rotary engine
(SU, A, 1298407) comprising a cylindrical stator
having two manifolds {with inlet and exhaust ports),
each directly communicating with the nearest mini-
mum volume chamber and individually connecting,
via controlled valves, {o a fluid supply line and, via
a spool valve, to an exhaust line, a rotor having
radial slots mounted eccentrically with respect to
the stator, and radially movable vanes installed in
the slots and dividing the interior space of the
stator into working (expansion and displacement)
chambers communicating with the manifolds via
exhaust valves. There is also provided a fluid me-
tering device and power takeoff shafts connected
o the rotor.

This prior art engine is deficient in a compara-
tively low efficiency because of a low mechanical
efficiency owing to energy losses through friction of
the vanes with an increase in engine speed and
their misalignment under the action of fluid pres-
sure, a decrease in thermal efficiency because of
thermal energy losses in operation of forward and
reverse throttling valves provided in the metering
device, and a decrease in the volumetric efficiency
as it is not possible to ensure a reliable sealing at
the end faces of the vanes in the slots. The de-
crease in the mechanical, thermal and volumetric
efficiency determines a rather low overall efficien-
cy. In addition, in view of a comparatively low ratio
of the stator diameter to the rotor diameter, working
chambers of the engine have small capacities so
as to impair the power-to-weight ratio of the engine.
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Summary of the Invention

The invention is based on the problem of pro-
viding a steam expansion engine, design of a ro-
tary machine, and a system for dluid supply so as
to enhance efficiency and power-to-weight ratio for
an effective application as an engine in a vehicle.

The invention essentially consists in that in a
rotary steam expansion engine having a casing
accommodating a rotary machine connecting o a
line for a metered supply of fluid and a line for
control and exhaust of fluid, according to the inven-
tion, the rotary machine comprises a known per se
rotary machine having a spherical rotor formed by
a diaphragm in the form of a disc-shaped partition
mounted for rotation about the center of a spherical
interior space of the casing and defining a pair of
mutually isolated compartments, and a pair of
vanes pivotally connected to the diaphragm on
either side thereof in two mutually perpendicular
diametrical planes and defining with the diaphragm
and inner surface of the casing sealed variable-
capacity working chambers, each vane being rig-
idly secured to a respective power takeoff shaft,
the axes of the shafts extending at an angle with
respect to each other and intersecting each other
at the center of the spherical interior space, and in
that there are provided two volumetric metering
devices, each having an inlet communicating with
the fluid supply line and an outlet communicating
with a respective compartment of the rotary ma-
chine in a zone where working chambers of this
compartment are of minimum capacity.

Prior art reversible rotary engines with a
spherical rotor have unbalanced members - vanes.
During rotation of the rotor, the vanes are pressed
by centrifugal forces against the inner surface of
the casing, and energy losses to overcome friction
occur along lines of contact. The same losses
occur along lines of contact between the vanes and
the rotor. In operation of the engine, the vanes are
subjected to a pressure differential, and the resul-
tant forces are transmiited from the vane to the
rotor through their contact, but the vane recipro-
cates with respect to the rotor in a misaligned
position. Unlike the prior art, the engine according
to the invention is free from the abovementioned
disadvantages. lts advantages reside in an increase
in the mechanical efficiency. Fluid supply and en-
gine speed control in the prior art were carried out
by means of a throttling valve. This control method
is accompanied by inevitable losses during throt-
ting of a vaporous fluid because of a drop of
temperature and pressure. The engine according to
the invention is free from this disadvantage. Control
in this case is effected by the volumetric metering
of fluid, and a batch metered by the metering
devices has parameters fully identical with the ini-
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tial parameters of fluid. Therefore, the fluid carriers
substantially all initial energy without losses. As
work is performed upon the adiabatic expansion of
fluid only on the account of its internal energy, the
thermal efficiency of this engine is increased. The
design of the engine according to the invention
does not involve linear mating portions between
working chambers which mate along a spherical
surface so as to allow efficient sealing members to
be used which are characterized by droplet leak-
age only. Accordingly, the engine according to the
invention has an increased volumetric efficiency.

The combination of structural features accord-
ing to the invention makes it possible to have a
larger capacity of working chambers with the same
volume and weight of the engine as in the prior art
so as to allow a higher output at the power takeoft
shafts to be achieved, hence, to enhance power-to-
weight ratio.

It is preferred that each volumetric metering
device have a body with a cylindrical bore of a
diameter substantially equal to the diameter of a
power takeoff shaft extending therethrough, the
shaft body having an interior space accommodat-
ing a piston which divides this space into two parts,
radial ports being made in the shaft wall which are
spaced axially along the shaft and diametrically
opposed to each other, the body of the metering
device having two pairs of radial ports open into
the interior space of the cylindrical hole, the poris
of each pair being axially spaced along the shaft at
the same distance as the radial ports of the shaft,
the pairs of ports being diametrically opposed to
each other and communicating with fluid supply
and control lines.

The piston is preferably made of two parts
defining a space therebetween and a passage is
preferably provided in the shaft wall and in the
body of the metering device to establish permanent
communication of this space with the interior space
of a control cylinder.

These structural features make it possible to
simplify the engine control system and to provide
working chambers using the intire volume of the
casing of the rotary machine so as to improve
power-to-weight ratio of the engine.

Brief Description of the Drawings

The invention will now be described with refer-
ence to its specific embodiment illustrated in the
accompanying drawings, in which:

Figure 1 shows a sectional view of a rotary
steam expansion engine according to the inven-
tion with a schematically shown control system;
Figure 2 is a diagrammatic view of a rotor of a
rotary machine.
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Best Mode for Carrying Out the Invention

A rotary steam expansion engine according to
the invention comprises a casing 1 accommodating
a known per se rotary machine. The rotary ma-
chine is a machine having a so called "spherical"
rotor. The rotor is formed by a diaphragm 2 in the
form of a disc-shaped partition mounted for rotation
about the center of a spherical interior space of the
casing 1. The diaphragm 2 defines in the interior
space of the casing a pair of mutually isolated
compartments. Vanes 3, 4 are provided on either
side of the diaphragm 2 and are pivotally con-
nected thereto to exiend in two mutually perpen-
dicular diametrical planes. The rotor is diagram-
matically shown in Figure 2.

Each vane 3, 4 is a part of a sphere defined by
a pair of planes intersecting at an acute angle, the
line of intersection of the planes being drawn
through the sphere diameter. The inner surface of
the casing 1 mating with the outer surfaces of the
diaphragm 2 and vanes 3, 4 is also spherical.

The vanes 3, 4 (Figure 1) are rigidly secured to
power takeoff shafts 5, 5' having their axes a, b
(Figure 2) extending at an angle a with respect to
each other and intersecting each other at the cen-
ter of the spherical interior space.

There are also provided volumetric fluid meter-
ing devices 6, 7, which in the embodiment shown
in Figure 1 are accommodated in the power takeoff
shafts 5, 5. It is obvious that the metering devices
6, 7 may also be provided outside the shafts 5, 5',
and their preferred design will be described below.

The pivotal connection of the diaphragm 2 to
the vanes 3, 4 may be as follows. For example,
cylindrical projections 8 (shown conventionally) are
provided on the peripheral surfaces of the dia-
phragm 2 in such a manner that their longitudinal
axes of symmetry intersect each other at the cen-
ter of this plane at right angles to each other.
Concave cylindrical surfaces mating with the sur-
faces of the respective cylindrical projections 8 are
provided on the end faces 9 of the vanes 3, 4.
Therefore, the vanes 3, 4 are provided on either
side of the diaphragm 2, and the latter is capable
of moving with respect thereto. The power takeoff
shafts 5, 5' are mounted to extend along axes of
symmetry of the vanes 3, 4 and pass through holes
of the casing 1.

The casing 1 has a pair of inlet ports 10, 11
connecting to passages 12 for fluid supply and four
exhaust ports connecting to an exhaust manifold.
The inlet ports 10, 11 are provided on either side of
the diaphragm 2 at points corresponding to mini-
mum capacities of the working chambers. The ex-
haust ports are provided pairwise on either side of
the diaphragm 2. The first port of the pair is lo-
cated at the leadingend of a maximum-capacity
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working chamber and the other port is located at
the trailing end thereof. If exhaust ports 13, 14
located at the frailing end of the maximum-capacity
working chambers they are forward movement ex-
haust ports, the other two ports (not shown in the
drawing) located at the lsading end of the
maximum-capacity working chambers (on either
side of the diaphragm) are reverse exhaust ports.
The exhaust ports for forward movement and re-
verse are part of fluid exhaust devices 15 which, in
addition, comprise a twin forward movement valve
16 and a twin reverse valve (not shown in the
drawing).

The twin forward movement valve 16 has an
electromagnetic actuator and a hydraulic actuator
in the form of an industion coil 17 and a hydraulic
power cylinder 18 having its piston mechanically
coupled to the valve 16. The induction coil 17 has
the same coupling. The electromagnetic actuator
ensures rapid opening and shutting of the exhaust
ports and the hydraulic actuator performs the same
functions slowly and smoothly so as to vary their
throughput capacity.

The location of a coil 19 and a hydraulic cyl-
inder 20 for actuation of the twin reverse valve is
conventionally shown in Figure 1. In addition, re-
verse ports 21, 22 are provided in the casing 1 of
the engine on one (any) side of the diaphragm 2
and on either side of the vane 3 or 4.

The engageable surfaces of the parts such as
the outer surface of the diaphragm 2, outer sur-
faces of the vanes 3, 4 inner surface of the casing
1, surfaces of the cylindrical projections 8 and
concave cylindrical surfaces of the end faces 9
mate with one another over the whole area so as to
allow effective sealing to be provided (not whosn)
to enhance sealing of working chambers 23, 24, 25,
26 (Figure 2).

The working chambers 23, 24, 25, 26 are de-
fined pairwise by the vanes 3, 4, diaphragm 2 and
inner surface of the casing 1 in respective compart-
ments of the casing defined by the diaphragm 2
and have variable capacity which varies during
rotation of the vanes 3, 4.

In a zone where the working chambers 23, 26
or 24, 25 (Figure 2) of a respective compartment
have the minimum capacity, this compartment
communicates with the outlet of the respective
metering device 6 or 7.

In the description of the metering devices 6, 7
that follows below identical parts of the metering
devices will be shown at identical reference nu-
merals for the sake of simplicity as the metering
devices 8, 7 are of identical design.

Each metering device 6, 7 has a body 27
rigidly secured to a bearing assembly of the shaft 5
or 5' in the engine casing 1. The power takeoff
shaft 5 or 5" extands through an axial bore of the
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body 27 of the metering device for rotation with
respect to the body of the metering device. An
interior space 28 extending axially along the shaft
is provided in the body of the shaft 5 or 5'. A pair
of free pistons 29 are provided in the interior space
of the shaft.

A pair of ports 30 for fluid supply are provided
at the ends of the interior space 28, adjacent to the
end walls thereof. They are spaced at 180° C with
respect to each other. A control port 31 is provided
in the intermediate part of the peripheral wall of the
interior space 28 of the shaft.

The ports 30 of the body 27 of the shait
connect to lines 32 via fluid supply and discharge
ports 12, 12" and to a control line. The conirol port
31 connects to the line 33 through an annular
groove of the body 27 of the metering device (not
shown). Communication between the ports 30 and
the line 32 and passages 12 occurs when the shaft
is in predetermined positions with respect to the
body 27. The control port 31 permanently commu-
nicates with the control line 33 owing to the provi-
sion of the annular groove. The line 33 commu-
nicates with a hydraulic movement control cylinder
34 having a piston with a spring mechanically
coupled to a movement pedal 35. In order that the
piston of the cylinder 34 be not subjected to the
influence of pressure differentials in the line 32, its
piston chamber is connected to the latter.

A braking system has a brake pedal 36, a
hydraulic brake cylinder 37 having a piston me-
chanically coupled to the brake cylinder pedal 36.
The cylinder 37 is hydraulically coupled to a spool
valve 38 which, in turn, is connected to the actuator
cylinders 18, 20 of the twin forward movement
valve 16 and twin reverse valve.

A reverse system has a reverse lever 39 me-
chanically coupled to a piston of the spool valve 38
and to a piston of a reverse spool valve 40. The
spool valve 40 connects, via a valve 41, to the fluid
supply line and, on the other side, to the reverse
ports 21, 22. An opening device of the valve 41 is
mechanically coupled to the movement pedal 35
and to a device for its automatic shutting (not
shown). The induction coils 17, 19 are connected
to an electric power supply via a swiich 42 having
its contact plate mechanically coupied to the re-
verse lever 39, and swiiches 43 having their con-
tact plates mechanically coupled to the movement
and brake pedals 35 and 36, respectively.

it is preferred that in an embodiment of the
engine designed for use in a vehicle the piston 29
be made up of two parts defining a space there-
between. This space preferably communicates
through the control line 33 with the interior space of
the control cylinder 34. This interior space commu-
nicates through the passage 31 in the wall of the
shaft 5 or 5" and body 27 of the metering device 6
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or 7 with the interior space of the control cylinder.
This construction facilitates the engine control and
enhances its reliability.

In the description of operation of the rotary
steam expansion engine shown in Figure 1, refer-
ence will also be made to Figure 2 illusirating the
formation and operation of the varying-capacity
working chambers 23, 24, 25, 26. The engine func-
tions in the following manner. The initial position of
the engine is when it is stopped: the movement
pedal 35 and the brake pedal 36 are free, both
switches 43 are opened, the reverse lever 39 is in
the "Forward" position in which the coil 19 of the
electromagnetic actuator of the reverse exhaust
valve can be energized. The spool valve 38 con-
nects through a hydraulic line the brake cylinder 37
to the actuator cylinder 18 of the forward move-
ment valve 16 and disconnects a hydraulic line
between the brake cylinder 37 and the reverse
hydraulic cylinder 20. The brake cylinder 37 is
filled, and the cylinders 20 and 18 are empty.
There is no fluid in the movement cylinder 34, and
the fluid is available in the space between the two
parts of the piston 29 which are in the interior
space of the metering devices 6, 7. The parts of
the piston 29 are in their limit position in which
they cover the ports 30. The forward movement
ports 13, 14 and reverse ports of the fluid exhaust
device 15 are open, and the interior spaces of the
working chambers 23, 24, 25, 26 communicate with
one another through the exhaust manifold. For
moving forward, the movement pedal 35 is de-
pressed to close one of the switches 43; the elec-
tric current flows through the closed contacts of the
switch 42 to the coil 19 of the twin reverse valve
19, and the exhaust reverse ports are shut off, the
valve 41 is opened, and fluid is admitted through
the reverse spool valve 40 to the reverse port 21.
The diaphragm 2 starts moving to cause rotation of
the vanes 3, 4 and power takeoff shafts 5, 5' in the
predetermined direction.

The outer surfaces of the diaphragm 2 and
vanes 3, 4 slide over the inner spherical surface of
the casing 1, and the surfaces of the cylindrical
projections 8 slide over the cylindrical surfaces of
the end faces 9.

After the beginning of rotation the valve 41 is
automatically shut off. Further depression of the
movement pedal 35 will cause liquid to move from
the interpiston space of the metering devices 6, 7
through the control line 33 to the movement control
cylinder 34 so as to bring the parts of the piston 29
closer to each other. The fluid supplied through the
line 32 fills the space behind the pistons in the
metering devices 6, 7. Rotation of the power take-
off shafts 5, 5' ensures a cut-off of a batch of fluid
which depends on the capacity of the space behind
the pistons, and the volume of this space depends,
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in turn, on the position of the parts of the pistons
29. When one of the ports 30 is brought in registry
with the fluid supply port 12 in the body 27 of the
metering device and the other port is brought in
registry with the fluid supply line 32, the free parts
of the piston 29 start displacing the fluid baich from
the space behind the pistons into the port 12 and
further through the inlet port 10 or 11 into the
minimum-capacity working chamber. Therefore, the
position of the movement pedal 35 determines the
amount of the fluid batch for admission to the
working chamber. When the pedal 35 is released,
the piston of the movement conirol cylinder 34
forces liquid into the interpiston space under the
action of the spring, the pistons cover the ports 30,
and the fluid is not admitted to the working cham-
bers.

The reference is now made to the vehicle
movement by inertia with the engine members in
the initial state. For stopping the engine the brake
pedal 36 is depressed to close tie respective pair
of contacts of the switch 43 and to energize the
induction coil 19 of the electromagnetic actuator of
the reverse movement, the twin reverse valve (not
shown) being held shut. Liquid from the brake
cylinder 37 is admitted through the cylinder of the
spool valve 38 to the actuator cylinder 18, and the
hydraulic actuator will gradually shut off, the twin
forward movement valve 16. Rotation of the vanes
3, 4 is decelerated because of the back-pressure
build-up in the working chambers, and the engine
is stopped. The pedal 36 is released, and all ele-
ments of the engine return to the initial position.

For reverse movement, the reverse lever 39 is
set to the "Reverse" position. Movement of the
piston of the spool valve 38 will now connect the
brake cylinder 37 to the actuator cylinder 20 of the
reverse valve, and the other pair of contacts of the
switch 42 will be closed. The piston of the reverse
spool valve 40 establishes communication of the
valve 41 with the reverse port 22. When the move-
ment pedal 35 is depressed, eleciric power supply
is connected to the induction coil 17 to shut off the
twin forward movement valve 18, the twin reverse
valve being open, and the valve 41 is opened. The
diaphragm 2 and the vanes 3, 4 start moving in the
opposite direction. Owing to the fluid supply
through the reverse port 22, the valve 41 is shut
off, and the movement pedal 35 controls the re-
verse movement through the metering devices 6, 7.

Fluid in this engine is in the form of a liquid
supplied to the working chamber of the engine.
The liquid boils in the working chamber during
adiabatic expansion and performs work owing fo
vapour expansion.

Industrial Applicability
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The invention may be most advantageously
used in vehicle engines whose structural features
ensure reducing of weight and dimension char-
acteristics of the vehicle engine as a whole while
maintaining high efficiency thereof.

Claims

1. A rotary steam expansion engine having a cas-
ing (1) accommodating a rotary machine con-
necting to a line (32) for a metered fluid supply
and to a control and fluid exhaust line (33)
characterized in that the rotary machine com-
prises a known per se rotary machine having a
spherical rotor formed by diaphragm (2) in the
form of a disco-shaped partition mounted for
rotation about the center of a spherical interior
space of the casing (1) and defining a pair of
mutually isolated compartments, and by a pair
of vanes (3, 4) pivotally connected to the dia-
phragm (2) to extend on either side thereof in
two mutually perpendicular diametrical planes
to define with the diaphragm (2) and with the
inner surface of the casing (1) sealed varying-
capacity working chambers (23, 24, 25, 26),
each vane (3, 4) being rigidly secured to a
respective power takeoff shaft (5, 5"), the axes
(a, by of the shafts extending at an angle (« )
with respect to each other and intersecting
each other at the center of the spherical inte-
rior space, and in that there are provided a pair
of volumetric metering devices (8, 7), each
having an inlet communicating with the fluid
supply line (32) and an outlet communicating
with the respective compartment of the rotary
machine in a zone where the working cham-
bers (23, 26 or 24, 25) of this compariment
have the minimum capacity.

2. An engine according to claim, 1 character-
ized in that each volumetric metering device
(6, 7) has a body (27) having a cylindrical bore
of a diameter substantially equal to the diam-
eter of the power takeoff shaft (5 or 5') extend-
ing therethrough, an interior space (28) being
provided in the body of the shaft which accom-
modates a piston (29) dividing this interior
space (28) into two parts, and in that radial
ports (30) are made in the walls of the shaft (5,
5') which are axially spaced along the shait
and are diametrically opposed to each other,
the body (27) of the metering device (6, 7)
having two pairs of radial ports (12, 12") open-
ing into the interior space of the cylindrical
hole, the poris (12, 12') of each pair being
axially spaced along the shaft (5, 5') at the
same distance as the radial ports (30) of the
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shaft, the pairs of ports (12, 12') being diamet-
rically opposed to each other and communicat-
ing with the fluid supply and control lines (32,
33), respectively.

An engine according to claim 2, character-
jzed in that the piston (29) of each metering
device (6, 7) is made up of two parts defining
a space therebetween, and in that a passage
(31) is made in the wall of the shaft (5, 5') and
in the body (27) of the metering device (6, 7)
permanently connecting this space to the inte-
rior space of a control cylinder (34).
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