I*I Innovation, Sciences et Innovation, Science and CA 3012568 C 2020/10/27

Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 3 0 1 2 568
12y BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépo6t PCT/PCT Filing Date: 2017/01/25 (51) ClLInt./Int.Cl. FO4D 17/16(2006.01),
(87) Date publication PCT/PCT Publication Date: 2017/08/17 F04D 1/12(2006.01), F16F 15/30(2006.01)
" . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2020/10/27 REISCHL, HUBERT, DE:
(85) Entrée phase nationale/National Entry: 2018/07/25 ZIMMERMANN, EDWIN, DE
(86) N° demande PCT/PCT Application No.: EP 2017/051527 | (73) Propriétaire/Owner:
(87) N° publication PCT/PCT Publication No.; 2017/137257 ENRICHMENT TECHNOLOGY COMPANY LTD.

ZWEIGNIEDERLASSUNG DEUTSCHLAND, DE

(30) Priorité/Priority: 2016/02/12 (EP16155415.9)
(74) Agent: ADE & COMPANY INC.

(54) Titre : SYSTEME DE ROTOR A VIDE A POMPAGE AUTOMATIQUE
(54) Title: SELF-PUMPING VACUUM ROTOR SYSTEM

(57) Abrégé/Abstract:

The invention relates to a vacuum rotor system (1), comprising: a hollow rotor (2), which has a rotor lateral surface (21) that is open
at both ends (2a, 2b) perpendicular to the axis of rotation (R) and at least two hubs (22, 23), which are connected to the inside (21i)
of the rotor lateral surface within the rotor lateral surface (21) and which are suitably mounted in corresponding bearings (24) for
the rotation of the rotor (2); a machine housing (3), which surrounds the rotor (2) and has at least one gas outlet opening (31) for
letting gas (G) out of the machine housing (3); a vacuum system (4), which is connected to the gas outlet opening (31) and which
has at least one preliminary pump (41) for producing a preliminary vacuum pressure (VD) in the machine housing (3); and at least
one first gas removal device (5, 51), which is arranged in the machine housing (3) between the hub (22) and the associated open
end (2a) of the rotor lateral surface (21) at a suitable distance (A) from the inside of the rotor lateral surface without contact with the
rotor lateral surface (21) for effectively receiving gas (G) and is connected to the gas outlet opening (31) in order to lead away the
received gas (G) and which has a gas-receiving opening (53), which is arranged in such a way that, at a rotational frequency of
greater than 200 Hz, the rotor (2) itself conveys part of the gas flow (G) moving along the inside (21i) of the rotor lateral surface (21)
because of the rotor rotation at least into the first gas removal device (5, 51) and thus itself can reduce a gas pressure in the
machine housing (3) from the preliminary vacuum pressure (VD) to a lower operating vacuum pressure (BD).
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[Fortsetzung auf der ndchsten Seite]

(54) Title: SELF-PUMPING VACUUM ROTOR SYSTEM
(54) Bezeichnung : SELBSTPUMPENDES VAKUUM-ROTORSYSTEM

‘ (57) Abstract: The invention relates to a vacuum rotor system (1),
4 comprising: a hollow rotor (2), which has a rotor lateral surface (21) that is
| open at both ends (2a, 2b) perpendicular to the axis of rotation (R) and at
4 : least two hubs (22, 23), which are connected to the inside (21i) of the rotor
B lateral surface within the rotor lateral surtace (21) and which are suitably
mounted in corresponding bearings (24) for the rotation of the rotor (2); a
machine housing (3), which surrounds the rotor (2) and has at least one gas
outlet opening (31) for letting gas (G) out of the machine housing (3); a
vacuum system (4), which is connected to the gas outlet opening (31) and
which has at least one preliminary pump (41) for producing a preliminary
vacuum pressure (VD) in the machine housing (3); and at least one first gas
Y removal device (5, 51), which is arranged in the machine housing (3)

I RD = between the hub (22) and the associated open end (2a) of the rotor lateral
T : .ot surface (21) at a suitable distance (A) from the inside of the rotor lateral

i surface without contact with the rotor lateral surface (21) for eftectively

- . receiving gas (G) and is connected to the gas outlet opening (31) in order to

N lead away the received gas (G) and which has a gas-receiving opening (53),

22 7 which is arranged in such a way that, at a rotational frequency of greater than

200 Hz, the rotor (2) itself conveys part of the gas tflow (G) moving along the
inside (21i) of the rotor lateral surtace (21) because of the rotor rotation at
least into the first gas removal device (5, 51) and thus itself can reduce a gas
pressure in the machine housing (3) from the preliminary vacuum pressure
(VD) to a lower operating vacuum pressure (BD).

(57) Zusammenfassung:
[Fortsetzung auf der ndchsten Seite]
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Erklirungen gemif} Regel 4.17: Veroffentlicht:
—  hinsichtlich der Berechtigung des Anmelders, ein Patent —  mit internationalem Recherchenbericht (Artikel 21 Absatz
zu beantragen und zu erhalten (Regel 4.17 Ziffer ii) 3)

Die Erfindung betrifft ein Vakuum-Rotorsystem (1) umfassend einen hohlférmigen Rotor (2) mit einer zu beiden Enden (2a, 2b)
senkrecht zur Rotationsachse (R) offenen Rotormantelfldche (21) und mindestens zwei innerhalb der Rotormantelfldche (21) mit
deren Innenseite (21i) verbundenen Naben (22, 23), die in entsprechenden Lagern (24) zur Rotation des Rotors (2) geeignet
gelagert sind, ein den Rotor (2) umschlieBendes Maschinengehduse (3) mit mindestens einer Gasauslasséffoung (31) zum
Auslassen von Gasen (G) aus dem Maschinengehéuse (3) heraus, ein mit der Gasauslasséffnung (31) verbundenes Vakuumsystem
(4) mit mindestens einer Vorpumpe (41) zur Erzeugung eines Vorvakuumdrucks (VD) im Maschinengehduse (3) sowie
mindestens eine im Maschinengehduse (3) zwischen der Nabe (22) und dem dazugehdrigen offenen Ende (2a) der
Rotormantelfldche (21 ) in einem geeigneten Abstand (A) zu deren Innenseite beriihrungsfrei zur Rotormantelflache (21) zur
effektiven Autnahme von Gas (G) angeordnete und mit der Gasauslassotthung (31) zur Abfuhr des aufgenommenen Gases (G)
verbunden erste Gasentnahmevorrichtung (5, 51) mit einer Gasauthahmetftfiung (53), die so angeordnet ist, dass der Rotor (2) bei
einer Drehfrequenz grofer 200Hz selbst einen Teil des sich durch die Rotordrehung entlang der Innenseite (21i) der
Rotormantelfliche (21) bewegenden Gasstroms (G) zumindest in die erste Gasentnahmevorrichtung (5, 51) fordert und somit
selbst einen Gasdruck im Maschinengehéduse (3) vom Vorvakuumdruck (VD) auf einen geringeren Betriebsvakuumdruck (BD)
reduzieren kann.
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Self-pumping vacuum rotor system
Field of the invention

The invention relates to a vacuum rotor system that, owing to its arrangement, is
configured to be self-pumping, and it also relates to a method for operating this

vacuum rotor system.
Background of the invention

Rotors are turning (rotating) parts of a machine or aggregate. Rotors are often
used as so-called flywheels for the storage of kinetic energy (rotational energy and
inertia) in that their rotational movement (rotation) is stored with the least possible
friction loss so that it can be used on an as-needed basis. Moreover, flywheels are

also used to stabilize satellites or airplanes.

In the case of flywhecls for the storage of energy (flywheel energy storage units),
electric energy in the form of rotational energy can be stored in the rotating
flywheels and, when needed, this energy can be converted back into electric
energy and can be released to a consumer. For the most part, such [lywheel encrgy
storage units have a hollow cylinder as the rotor which, depending on its
rotational speed and mass, stores a certain amount of energy. The storage capacity
of such an encrgy storage unit is limited by ifs maximum rotational speed. The
formula for calculating the energy content of a rotational body (rotor) shows that a
rotational body (rotor) having a high energy content should preferentially be
configured to have a high rotational speed rather than a high mass. Rotors of
flywheel energy storage units, depending on the load state, can rotate at a speed
of, for example, 50,000 revolutions per minute. A typical speed range is between
15,000 rpm and the maximum rotational speed. In order for the rotors of the
flywheel storage units to rotate with as little loss as possible so that they can store

the energy with as little loss as possible, they are enclosed in a machine housing,
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whereby, during operation of the flywheel, a pressure that is as low as possible is -
generated in the individual rotor housings. The lower the pressure and the density
of the gas in the rotor housing, the lower the friction losses of the rotor vis-a-vis
the filling gas of the machine housing. For this reason, the housing is normally
evacuated. In order for the minimum vacuum needed for an efficient low-loss
operation of the flywheels to be generated in the appertaining flywhcel energy
storage units, a pump system that delivers operating pressures of 10~ mbar or less
and that consists of a forepump (e.g. a rotary vane pump) and a main pump (e.g. a
turbomolecular pump) is used for each flywheel. Even though an individual
forepump can generate the fore-vacuum pressure for all of the flywheels by means
of a suitably configured pipe system to which all of the flywheel energy storage
units of an energy storage system having several flywheels are connected,
individual main pumps each have to be connected directly to the machine
housings in order to generate the requisite operating vacuum in the machine
housings for each flywheel (votor). For this purpose, turbomolecular pumps are
generally used as the main pumps. Turbomolecular pumps are expensive
components whose maintenance requires a ot of work. In the case of an energy
storage unit having a plurality of flywheels operated in parallel, for instance, 32
flywheels in such a storage unit, it is also necessary to employ a corresponding
number of turbomolecular pumps, thereby markedly increasing the price tag of the
installation. Moreover, when such energy storage units are operated, it is to be
expected that dirt and particles will become detached from the rotors.
Turbomolecular pumps, however, are very sensitive to dirt and particles, which
increases the tendency of such installations to fail. Moreover, when
turbomolecular pumps are used, there is a need for large suction cross sections.
Large openings, which are even installed in awkward places, pose a considerably

greater risk that gas or dust might escape if a so-called rotor crash occurs.

In the market of energy storage units, flywheel energy storage units are competing
with other energy storage technologies such as, for example, battery storage

devices. For this rcason, there is a need for a flywheel energy storage unit which
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can be manufactured as inexpensively as possible but which can nevertheless be

operated efficiently, with low losses, reliably and with little maintenance work.
Summary of the invention

Before this backdrop, it is the objective of the invention to put forward a flywheel
energy storage unit which can be manufactured inexpensively and which can be

operated efficiently, with low losses, reliably and with little maintenance work.

This objective is achieved by means of a vacuum rotor system comprising a
hollow rotor with a rotor jacket that is open at both ends perpendicular to the axis
of rotation and with at least two hubs that are connected to the inside of the rotor
jacket and that are suitably mounted in appropriate bearings so that the rotor can
rotate, also comprising a machine housing that encloses the rotor and that has at
least one gas outlet opening to discharge gases from the machine housing, also
comprising a vacuum system that is connected to the gas outlet opening and that
has at least one forepump for purposes of generating a fore-vacuum pressure in
the machine housing, and also comprising at least one first gas removal device
with a gas pick-up opening that is arranged in the machine housing between the
hub and the appertaining open end of the rotor jacket, at a suitable distance from
the inside of the rotor jacket without making contact with the rotor jacket, in order
to efficiently pick up gas, whereby said first gas removal device is connected to
the gas outlet opening in order to discharge the picked-up gas and it is arranged in
such a way that, at a rotational frequency greater than 200 Hz, the rotor itself
conveys part of the gas flow that, due to the rotation of the rotor, is moving along
the inside of the rotor jacket, at least into the first gas removal device, and
consequently, the rotor itself can reduce the gas pressure in the machine housing

from the level of the fore-vacuum pressure to a lower operating vacuum pressure.

The vacuum rotor system according to the invention is used, for example, in

flywheel energy storage units. In order to maximize the energy content of a
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flywheel energy storage unit, the rotor of the vacuum rotor system, with a low
intrinsic weight, is brought up to the maximum rotational speed since, when it
comes Lo the maximum energy content, the rotational speed makes a quadratic
contribution while the weight, in contrast, only makes a linear contribution. In this
context, the rotor (or also the rotational body) is joined via two or more hubs to
the bearing and drive elements of the flywheel energy storage unit. On the one
hand, the hubs have to create a connection and an attachment of the rotor jacket to
the bearing elements and the drive elements and, on the other hand, they have to
ensure the transmission of the torsional moments from the drive shaft to the rotor
Jjacket and vice versa. The hubs are characterized in that they are sufficiently
strong vis-a-vis mechanical loads so as to reliably withstand the radial and
tangential loads at very high rotational speeds of more than 50,000 rpm due to the
centrifugal forces acting upon the rotor jacket, and also to support the weight load
exerted by the rotor jacket. The nominal rotational frequencies of the rotors in
applications involving flywheel energy storage units are, for example, within the
range of 750 Hz, whereby the rotational frequencies increase when energy is
being picked up and they decrease when encrgy is being released. The rotor jacket
and the hubs are made, for instance, of a CFRP laminate. Such a material is
sufficiently sturdy and exhibits a favorable crash behavior in case of a rotor crash
in the flywhecl energy storage unit, and it also has a low weight which allows a
simpler mounting of the rotor in bearings. Depending on the configuration, the
hubs can be mounted separately from each other in the appertaining bearings by
means of journals, or else they can be joined by a continuous shaft whose two
opposite ends are then mounted in the appertaining bearings. The rotors of the
vacuum rotor system or of the flywheel energy storage unit are enclosed in a
machine housing for safety reasons as well as in order to generate an operating
vacuum. Suitable machine housings are made, for example, of steel and their wall
thickness is sufficient to compensate for the crash loads of the rotors. The person
skilled in the art can calculate the requisite minimum wall thicknesses on the basis

of the rotational energy of the rotor.
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In order for the rotor of the appertaining vacuum rotor system to rotate in a
flywheel energy storage unit with the lowest possible losses and thus to be able to
store the energy with the lowest possible losses, the vacuum system employs one
or more forepumps, for example, rotary vane pumps, to pump the pressure in the
machine housing that encloses the rotor down to a fore-vacuum pressure, for
instance, in the order of magnitude 10-2 mbar. This pressure, however, is not
sufficiently low to allow a long-term low-friction and thus low-loss operation of
the rotors or of the flywheel cnergy storage unit. The lower the pressure and the
density of the gas in the machine housing, the lower the friction losses of the rotor
vis-a-vis the residual gas in the machine housing. The present system according to
the invention is advantageously suitable to further reduce the fore-vacuum
pressure by at least one order of magnitude owing to the self-pumping effect of
the rotor by making use of gas removal devices suitably arranged according to the
invention, so that pressures of 10} mbar or less can be ensured as the operating
vacuum while also avoiding the use of main pumps such as, for example,

turbopumps.

Owing to the rotation of the rotor, the gas present inside the machine housing is
likewise made to rotate by the effect of friction on the rotor. Whereas only a small
gap is present between the rotor jacket and the machine housing, the hollow rotor
has a comparatively large diameter inside the rotor jacket, so that most of the gas
present in the machine housing is located inside the rotor or inside the volume
defined by the rotating rotor jacket. The correspondingly rotating gas is pressed
against the inside of the rotor jacket by the centrifugal force and, along with the
rotating rotor jacket, flows around the axis of rotation of the rotor. The centrifugal
forces generate a pressure distribution with a préssure gradient along the radius of
the rotor jacket, whereby the pressure is greatest directly on the inside surface of
the rotor jacket and smallest at the axis of rotation, as seen in the radial direction.
If a gas removal device is then placed in the vicinity of the inside of the rotor
jacket whose gas removal surface is oriented pcrpendicular in the direction facing

the gas flow that is rotating along with the rotating rotor jacket, then the rotating
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gas can be discharged through this gas removal opening very efficiently since the
highest pressure inside the rotor prevails close to the inside of the surface of the
rotor jacket. Even though the same principle would also lead to gas being picked
up through the gas removal opening in other positions inside the rotor jacket,
owing to the lower pressure that prevails there (radial pressure gradient), the
resulting pumping capacity would be considerably less efficient at other points
closer to the axis of rotation due to the rotation of the rotor and the gas removal.
The suitable distance constitutes a compromise between a minimum distance — in
order to absolutely avoid unwanted contact between the gas removal device and
the insides of the rotor jacket, since, at the intended rotational frequencies of the
rotor, such a contact would destroy the gas removal device and conceivably also
the rotor jacket — and the desire, in the ideal case, to convey the gas in the rotor
out of the machine housing directly on the inside of the rotor jacket in case of the

highest local pressure.

For this reason, in one embodiment, the distance between the gas pick-up opening
of the first gas removal device and the rotor jacket is less than 10% of the radius
of the rotor at this place. In the case of cylindrical rotor jackets, the radius at this
place is the general location-independent radius of the rotor jacket. In the case of
rotor jackets with other shapes, the above-mentioned radius refers to the radius
that the rotor jacket has perpendicular to the axis of rotation at the location of the
gas removal device. In a preferred embodiment, the distance between the gas
removal opening and the inside of the rotor jacket is between 1% and 5% of the

radius of the rotor at this place.

Devices having different shapes and configurations can be used as the gas
removal device, whereby these devices have a channel that is open for gases
betweén the gas removal opening and the gas outlet opening. In this context, one
or more gas removal devices can be connected to the same gas outlet opening,
provided that the rotor configuration and the bearing configuration permit the

arrangement of several gas removal devices on the same side of the rotor or of the
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hub. The material of which the gas removal device is made should be a vacuum-
capable material that displays only a slight or negligible level of intrinsic out-
gassing. For instance, pipe connections that extend in the radial direction from the
gas outlet opening all the way to the rotor jacket and that have a curvature before
reaching the rotor jacket can be employed as gas removal devices, 5o that the open
pipe opening faces in the direction of the gas flow along the inside of the rotor
jacket, whereby the gas removal surface refers to the surface that is oriented
perpendicular to the gas flow. In this context, the gas removal opening can have
different shapes, for example, round, oval or elliptical shapes. Excessively sharp-
edged forms can be unsuitable due to the turbulence that they cause in the gas
flow. Here, the gas outlet opening refers to the opening in the machine housing
through which the gas in the machine housing would have been directly pumped
off if the gas removal device had not been connected to the gas outlet opening.
The gas that the gas removal device has already removed through the gas outlet

opening is only transported to the outside of the machine housing.

Thanks to this invention, the resistance of the vacuum rotor system to dirt and
patticles is considerably enhanced since there is no longer a need for turbopumps
that are sensitive to such dirt and particles. As a result, the vacuum rotor system is
extremely maintenance-friendly and reliable. The avoidance of turbopumps also
reduces the component costs of the entire system. Nevertheless, with the system
according to the invention, it is possible to generate at least the requisite operating
pressure, so that the vacuum rotor systerm can continue to operate in a very low-
loss and efficient manner. Owing to this invention, the flexibility of the vacuum
rotor system is also considerably enhanced. The gas removal devices can be
installed close to the attachment points or close to the stand (as seen in the parallel
direction relative to the axis of rotation), as a result of which the risk that gases
and dust might escape in case of a crash is considerably reduced due to the higher

stability and reduced cross sections.
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Consequently, this invention puts forward a vacuum rotor system for flywheel
energy slorage units with which, for instance, a flywheel energy storage unit can
be manufactured inexpensively and which can be operated efficiently, with low

losses, reliably and with little maintenance work.

In one embodiment, the gas pick-up opening comprises an efficient gas pick-up
surface that has a mean diameter and is oriented along the rotor jacket
perpendicular to the gas flow. In the case of such an orientation perpendicular to
the gas flow, the gas pick-up through the gas removal opening is at a maximum.
Here, the mean diameter refers to the value averaged on the basis of the distances
between all of the points at the edge of the gas removal opening and their
geometric midpoint. In the case of a circle, the radius for all of the points at the
edge is known to be the same, so that the mean radius of a circle is the same as the
radius of the circle. Other mean diameters can be obtained in the case of surfaces

that differ from a circular shape.

In one embodiment, the first gas removal device is arranged inside the rotor jacket
at a distance from the open end of the rotor jacket which amounts to at least three
times the mean diameter. This distance avoids a reduced gas removal through the
gas removal opening caused by turbulence or draining effects at the open ends of
the rotor jacket. The gas flow is stabilized in the case of the distance specified
above or in the case of greater distances, as a result of which this is best suited for
the gas removal. As long as the above-mentioned minimum distance is

maintained, for the rest, the distance can be selected as desired.

In another embodiment, the mean diameter is between 3% and 10% of the radius
of the rotor at this place. Gas removal surfaces of such a size have the largest gas-
removal capacity. Smaller openings would convey less gas out of the machine
housing. Larger openings would disrupt the gas flow excessively, which-would

likewise negatively affect the gas removal.
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In another embodiment, the first gas removal device has a cross section parallel to
the gas flow along the insides of the rotor jacket that is suitable to minimize
turbulence of the gas flow through the first gas removal device. This turbulence
should also be avoided or minimized since this would also lead to a reduction of
the gas removal. For this reason, in a preferred embodiment, the cross section is

round or oval.

In another embodiment, as was the case with the first gas removal device, at least
one second gas removal device is arranged between the other hub and one end of
the rotor jacket that correspondingly belongs to this other hub, at a suitable
distance from the inside of the rotor jacket without making contact with the rotor
jacket, in order to pick up gas. Thanks to this second gas removal device (and
optionally several second gas removal devices), also on the other side of the rotor,
and thus on the other side of the first gas removal device, it is possible to convey
gas out of the machine housing or out of the open end of the rotor, thereby further

improving the operating pressure.

In one embodiment, the hubs define an intermediate volume between the hubs in
the hollow rotor, and the second gas removal device is arranged in such a way that
the gas that has been picked up is conveyed into the intermediate volume. In this
manner, the gas is removed from the area of the rotor that is connected to the gap
between the rotor jacket and the machine housing. Therefore, the gas pressure is
lowered, at least in the gap, which further reduces the friction losses during
operation of the rotor. As soon as the rotational frequency of the rotor slows
down, however, the gas that has been temporarily stored in the intermediate
volume can again escape into the other area of the rotor. Consequently, this
solution constitutes only a temporary intermediate storage measure o temporarily

reduce friction losses.

In another embodiment, the hubs are configured so as to be impermeable to gas in

order to form a gas-tight intermediate volume. In this manner, the gas that is in
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intermediate storage is temporarily picked up in a reliable manner. In a preferred
embodiment, an at least partially gas-absorbing layer is arranged on the inside of
the intermediate volume. This gas-absorbing layer binds the gas permanently or
else constitutes a sizeable buffer, which lowers the operating pressure in the
machine housing either permanently or else for a prolonged period of time.
Examples of suitable adhesive layers are layers of activated carbon or of other
natural or synthetic zeolites or other substances that are also referred to as
molecular sieves. Molecular sieves have a large inner surface area (for example,
600 to 700 m?/g) and have uniform pore diameters that are in the order of
magnitude of the diameter of molecules and are therefore characterized by a high

adsorption capacity for gases.

In one embodiment, the hub facing the second gas removal device is impermeable
to gas and the hub facing the first gas removal device is at least partially
permeable to gas, so that gas conveyed by the second gas removal device into the
intermediate volume can escape through the gas-permeable hub in the direction of
the first gas removal device. The second gas removal device conveys gas from the
other open end of the rotor jacket into the intermediate volume, thereby ensuring a
pressure rise in the intermediate volume, so that the pressure in the intermediate
volume is higher than outside of the hubs. This is why gas escapes from the
intermediate volume through the gas-permeable hub in the direction of the first
gas removal device and then the latter can convey the gas out of the machine
housing, thereby further lowering the operating pressure. The pumping off of the
gas volume that is in intermediate storage is also improved at a low rotational
speed. The gas permeability of the first (lower) hub can be achieved by means of
an appropriate gas-permeable material or by gas-permeable passages, for instance,
cutouts. In a preferred embodiment, the gas-pcrmeable hub (first or lower hub)
comprises a symmetrical arrangement of holes that serve to achieve the gas
permeability. The symmetrical arrangement is intended to prevent unbalances
during the rotation of the hubs. In this context, holes provide a gas permeability

that can be predicted very precisely in comparison to gas-permeable materials.
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In another embodiment, in order for the second gas removal device to discharge
the gas it has picked up, it is connected directly to the gas outlet opening. As a
result, the gases conveyed by the second gas removal device can be conveyed
directly out of the machine housing, without the intermediate volume and the gas
permeability having an impact on the gas flow towards the outside. In a preferred
embodiment, the direct connection between the second gas removal device and
the gas outlet opening runs through a shaft that joins the two hubs. Via a bore
through the existent shaft, a gas channel can be provided in order to transport the
gas away, without the need for additional components to be incorporated into the

rotor.

In another embodiment, the vacuum rotor system comprises another gas outlet
opening on the side of the machine housing that is opposite from the other gas
outlet opening; in this context, in order for the second gas removal device to
discharge the gas it has picked up, it is connected to the other gas pick-up opening
which, in turn, is connected to the fore-vacuum system. With this embodiment,
the gases that have been picked up by the second gas removal device can be
conveyed out of the machine housing via the shortest path, an approach that
involves the lowest pump resistance in terms of the vacuum, although this requires

greater effort when it comes to configuring the vacuum system.

In another embodiment, the second gas removal device has a configuration that
corresponds to the configuration of the first gas removal device according to one
or more of the embodiments presented above. The second gas removal device can
be, for instance, identical to the first gas removal device, although its local
arrangement has to take into consideration the circumstances in the area of the

other hub and of the other bearing.

The invention also relates to a flywheel energy storage unit comprising a plurality

of vacuum rotor systems according to the invention, whereby, in order to generate
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a fore-vacuum pressure in each of the machine housings, the vacuum system of
each vacuum rotor system is combined to form a joint encrgy storage vacuum
system having at least one fore-vacuum pump that provides the fore-vacuum
pressure in each machine housing. The operating vacuum is then generated in
each machine housing by the rotating rotor itself in that, at rotational frequencies
higher than 200 Hz, some of the flows of gas that, due to the rotation of the rotor,
are moving along the inside of the rotor jacket are conveyed into the appertaining
first gas removal device by means of the appertaining rotors themselves, and
therefore they themselves can reduce the gas pressure in the appertaining machine
housings from the level of the fore-vacuum pressure to lower operating pressures.
The nominal rotational frequencies of the rotors in applications for flywheel
energy storage units are, for example, within the range from 750 Hz, whereby the
rotational frequencies increase when energy is picked up and they decrease when

energy is removed.

The invention also relates to a method to operate the vacuum rotor system
according to the invention comprising a hollow rotor with a rotor jacket that is
open at both ends perpendicular to the axis of rotation and with at least two hubs
that are connected to the inside of the rotor jacket and that are suitably mounted in
appropriate bearings so that the rotor can rotate, also comprising a machine
housing that encloses the rotor and that has at least one gas outlet opening to
discharge gas from the machine housing, said method comprising the following
steps:

- afore-vacuum pressure is generated in the machine housing by means of a
vacuum system that is connected to the gas outlet opening and that has at least
one forepump; and

- the pressure in the machine housing is reduced from the level of the fore-
vacuum pressure to a lower operating vacuum pressure by means of the rotor
itself, in that at least one first gas removal device having a gas pick-up opening
to efficiently pick up gas in the machine housing is arranged between the hub

and the appertaining open end of the rotor jacket, at a suitable distance from
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the inside of the rotor jacket without making contact with the rotor jacket, whereby said first
gas removal device is connected to the gas outlet opening so that the gas that has been
picked up can be discharged, whereby, at a rotational frequency of more than 200 Hz, the
rotor itself conveys part of the gas flow that, due to the rotation of the rotor, is moving along
the inside of the rotor jacket, at least into the first gas removal devics.

According to an aspect of th_e invention, there is provided a vacuum rotor system comprising a
hollow rotor with a rotor jacket that is open at both ends perpendicular to the axis of rotation
and with at least two hubs that are connected to the inside of the rotor jacket and that are
suitably mounted in appropriate bearings so that the rotor can rotate, also comprising a
machine housing that encloses the rotor and that has at least one gas outlet opening to
discharge gases from the machine housing, also comprising a vacuum system that is
connected to the gas outlet opening and that has at least one forepump for purposes of
generating a fore-vacuum pressure in the machine housing, and also comprising at least one
first gas removal device with a gas pick-up opening that is arranged in the machine housing
between the hub and the appertaining open end of the rotor jacket, at a suitable distance from
the inside of the rotor jacket without making contact with the rotor jacket, in order to efficiently
pick up gas, whereby said first gas removal device is connected to the gas outlet opening in
order to discharge the picked-up gas and it is arranged in such a way that, at a rotational
frequency greater than 200 Hz, the rotor itself conveys part of the gas flow that, due to the
rotation of the rotor, is moving along the inside of the rotor jacket, at least into the first gas
removal device, and consequently, the rotor itself can reduce the gas pressure in the machine
housing from the level of the fore-vacuum pressure to a lower operating vacuum pressure.

According to another aspect of the invention, there is provided a flywheel energy storage unit
comprising a plurality of vacuum rotor systems as described above, whereby, in order to
generate a fore-vacuum pressure in each of the machine housings, the vacuum system of
each vacuum rotor system is combined to form a joint energy storage vacuum system having
at least one fore-vacuum pump that provides the fore-vacuum pressure in each machine
housing.

CA 3012568 2020-03-16
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According to a further aspect of the invention, there is provided a method to operate the
vacuum rotor system as described above, comprising a hollow rotor with a rotor jacket that is
open at both ends perpendicular to the axis of rotation and with at least two hubs that are
connected to the inside of the rotor jacket and that are suitably mounted in appropriate
bearings so that the rotor can rotate, also comprising a machine housing that encloses the
rotor and that has at least one gas outlet opening to discharge gas from the machine housing,
said method comprising the following steps:

- a fore-vacuum pressure is generated in the machine housing by means of a vacuum
system that is connected to the gas outlet opening and that has at least one forepump; and

- the pressure in the machine housing is reduced from the level of the fore-vacuum
pressure to a lower operating vacuum pressure by means of the rotor itself, in that at least
one first gas removal device having a gas pick-up opening to efficiently pick up gas in the
machine housing is arranged between the hub and the appertaining open end of the rotor
jacket, at a suitable distance from the inside of the rotor jacket without making contact with
the rotor jacket, whereby said first gas removal device is connected to the gas outlet opening
so that the gas that has been picked up can be discharged, whereby, at a rotational frequency
of more than 200 Hz, the rotor itself conveys part of the gas flow that, due to the rotation of
the rotor, is moving along the inside of the rotor jacket, at least into the first gas removal
device.

Brief description of the figures

These and other aspects of the invention will be shown in detail in the figures as follows:

Figure 1: an embodiment of the vacuum rotor system according to the invention, in a
side view;
Figure 2: the embodiment of the vacuum rotor system according to the invention as

shown in Figure 1, in an enlarged view of the rotor in the area of the lower hub;

Figure 3: another embodiment of the vacuum rotor system according to the invention, in
a side view with an additional second gas removal device:

CA 3012568 2020-03-16
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Figure 4: another embodiment of the vacuum rotor system according to the invention, in
a side view, with an additional second gas removal device that has a direct gas connection to
the gas outlet opening of the first gas removal device;

5
Figure 5: another embodiment of the vacuum rotor system according to the invention as
shown in Figure 3a, in an enlarged view of the rotor in the area of the lower hub, which is gas-
permeable here; ‘
10  Figure 6: another embodiment of the vacuum rotor system according to the invention, in

a side view, with an additional second gas removal

CA 3012568 2020-03-16
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device that has a direct gas connection to the second gas outlet

opening;

Figure 7: an embodiment of the method according to the invention, for the

operation of the vacuum rotor system.
Detailed description of the embadiments

Figure | shows an embodiment of the vacuum rotor system ! according to the
invention, in a side view, said system comprising a hollow rotor 2 with a rotor
jacket 21 that is open at both ends 2a, 2b, namely, a first open end 2a and a second
open end 2b, perpendicular to the axis of rotation R and with at least two hubs 22,
23 that are connected to the inside 211 of the rotor jacket 21 and that are suitably
mounted in appropriate bearings 24 so that the rotor 2 can rotate, Here, the hub
22, which is arranged at the first open end 2a, is also referred to as the first hub
22. Accordingly, the hub 23, which is arranged at the other open end 2b (the
second open end 2b), is also referred to as the second hub 23. The hollow rotor 2
is configured here as a cylindrical rotor having a cylindrical rotor jacket 21,
whereby the appertaining cover surfaces of the cylindrical shape are open and
therefore constitute the open ends 2a and 2b. The rotor shown here is set up
vertically and it has an axis of rotation that is perpendicular to the ground.
Consequently, for vertically arranged rotors, the first hub 22 is also referred to as
the lower hub 22 (closer to the ground) while the second hub 23 is also referred to
as the upper hub 23 (further away from the ground than the first or lower hub 22).
In this embodiment, the rotor 2 is mounted via the hubs 22, 23 that are mounted
separately from each other in separate journals 29a. In this embodiment, the hubs
22, 23 are joined to each other only via the rotor jacket 21. In an alternative
embodiment, the hubs 22, 23 can also be mounted in the bearings 24 by means of
a shared shaft 29 that runs through the entire rotor 2. Bearings that are suitable for
rotational speeds of 50,000 rpm are known to the person skilled in the art. In this
context, the rotor 2 is enclosed by a machine housing 3 having at least one gas

outlet opening 31 that serves to discharge gases G from the machine housing 3 so
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as to ensure the operational reliability and the operating vacuum pressure BD. In
order for a fore-vacuum to be generated, a vacuum system 4 that is joined to the
gas outlet opening 31 is connected to at lcast one forepump 41 (e.g. a rotary vane
pump) in order to generate a fore-vacuum pressure VD in the machine housing 3.
In order to generate the operating vacuum pressure, in the machine housing 3,
between the hub 22 and the appertaining open end 2a of the rotor jacket 21, there
is at least one gas removal device 5, 51 that has a gas removal opening 53 at a
suitable distance A from the inside of the rotor jacket without making contact with
the rotor jacket 21, in order to efficiently pick up gas G, whereby said gas removal
device 5, 51 is connected to the gas outlet opening 31 in order to discharge the
picked-up gas G. Here, the gas outlet opening 31 refers to the opening in the
machine housing 3 through which the gas G in the machine housing 3 would have
been pumped off if the gas removal device 5, 51 had not been connected to the gas
outlet opening 53. The gas G that the gas removal device 5, 51 has already
removed through the gas outlet opening 31 is only transported to the outside of the
machine housing 3 and then to the vacuum system 4. In this context, the gas
removal device 5, 51 is arranged in such a way that, at a rotational frequency
greater than 200 Hz, the rotor 2 itself conveys F part of the gas flow G that, due to
the rotation of the rotor, is moving along the inside 211 of the rotor jacket 21, at
least into the first gas removal device 5, 51, and consequently, the rotor itself can
reduce the gas pressure in the machine housing 3 from the level of the fore-
vacuum pressure VD to a lower operating vacuum pressure BD. The gas removal
device 5, 51, for example, in the form of an internally hollow tube, extends from
the gas outlet opening 31 in the direction of the inside of the rotor jacket.
Additional details pertaining to the gas removal device 5, 51 are explained within

the scope of Figure 2.

Figure 2 shows the embodiment of the vacuum rotor system 1 according to the
invention as shown in Figure 1, in an enlarged view of the rotor 2 in the arca of
the lower hub 22. Fundamentally differently shaped and configured devices which

provide an open internal channel for gases G between the pas removal opening 53
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and the gas outlet opening 31, 32 can all be employed as the gas removal device 5.
In this context, depending on the embodiment, one or more gas removal devices 5
can be connected to the same gas outlet opening 31, 32, provided that the design
of the rotor and of the bearing permit the arrangement of several gas removal
devices 5 on the same side, here the side facing the open end 2a of the rotor 2. In
this embodiment, in addition to the gas removal device 5, 51 already shown in
Figure 1, another gas removal device 5, 51 (indicated with a broken line) is
arranged in the same plane relative to the axis of rotation R between the first
(lower) hub 22 and the corresponding first open end 2a of the rotor jacket 21 of
the rotor 2. In other embodiments, for example, four or more gas removal devices
5 arranged symmetrically with respect to each other can be arranged between the
first (lower) hub 22 and the corresponding first open end 2a of the rotor jacket 12
(of the rotor 2). The material of the gas removal device 5 consists of a vacuum-
capable material such as, for instance, stainless steel, so as to cause little or no
intrinsic out-gassing in the machine housing. For example, pipe connections can
used that extend in the radial direction from the gas outlet opening 53, optionally
at a suitable angle, optionally at an angle that diverges from 90° relative to the
axis of rotation R, all the way to the rotor jacket 21, and before reaching the rotor
jacket 21, they can have a curvature so that the open pipe opening that functions
as the gas removal opening 53 (as shown here at the right-hand gas removal
opening) is oriented perpendicularly along the inside 21i of the rotor jacket 21 in
the gas flow G. The gas flow along the inside 211 of the rotor jacket 21 is depicted
schematically on the left-hand side of the rotor by the two curved arrows G. The
gas removal device 5, 51 indicated by the broken line also has a gas removal
opening 53 that, perpendicular to the gas flow G, is oriented into the gas flow G,
whereby said gas removal opening 53 is not visible here due to the orientation
(oriented towards the back). Here, the gas removal surface 53 refers to the surface
that is oriented perpendicular to the gas flow G. In this context, the gas removal
opening 53 can have different shapes, for example, round, oval or elliptical
shapes. Excessively sharp-edged forms can be unsuitable due to the turbulence

that they cause in the gas flow G. Here, the distance A between the gas removal
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opening 53 of the first gas removal device 5, 51 and the rotor jacket 21 is less than
10% of the radius RD of the cylindrical rotor 2 at this place. In a preferred
embodiment, the distance A is between 1% and 5% of the radius RD of the rotor 2
at this place. Consequently, the gas removal opening 53 has an efficient gas
removal surface 531 with a mean diameter D53 and it is oriented perpendicular to
the gas flow G along the rotor jacket 21. The mean diameter D53 is, for instance,
between 3% and 10% of the radius RD of the rotor 2. Here, the first gas removal
device 5, 51 is arranged at a distance D21 from the open end of the rotor jacket 21
amounting to at least three times the mean diameter D53, so that the gas can flow
unhindered into the gas removal device, If the distance D21 were shorter, then at
least a part of the gas flow G would become turbulent at the edge of the rotor
jacket 21 towards the open end 2a or else it would drain at the edge, which would
lead to a reduction in the gas flow G flowing into the gas removal device 5, 51. As
a resutlt, it would not be possible to achieve the lowest possible operating vacuum

pressure with this arrangement.

Figure 3 shows another embodiment of the vacuum rotor system 1 according to
the invention, in a side view with an additional second gas removal device §, 52,
In this embodiment, as was the casc with the first gas removal device 5, 51, there
is a second gas removal device S, 52 arranged between the other hub 23 (second
hub 23 or upper hub 23) and a second end 2b of the rotor jacket 21 belonging
correspondingly to this second hub 23, at a suitable distance A from the inside 21i
of the rotor jacket 21 without making contact with the rotor jacket 21, in order to
additionally pick up gas G. In this process, the hubs 22, 23 define an intermediate
volume 25 between the hubs 22, 23 in the hollow cylindrical rotor 2 shown here,
whereby the second gas removal device 5, 52 in this embodiment is arranged in
such a way that the picked-up gas G is conveyed into the intermediate volume 25.
In this embodiment, the hubs 22, 23 are configured so as to be impermeable to gas
in order to form a gas-tight intermediate volume 25 that serves as a temporary
intermediate storage unit for the gas G that has been removed from the area of the

second end of the rotor. As long as the rotational frequency of the rotor achieves
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the self-pumping effect according to the invention, no gas cscapes from the
intermediate volume 25 which, since the gas is conveyed into the intermediate
volume 25, has a higher pressure than the operating pressure BD of the rotor
outside of the intermediate volume 25. Preferably, the gas-carrying channel,
which is situated between the second gas removal device 5, 52 and the
intermediate volume 25, runs all the way through the upper bearing 24 and the
journal 29a. In this embodiment, the rotor 2 is mounted via hubs 22, 23 that are
mounted separately from each other in separate journals 29a. In this embodiment,
the hubs 22, 23 are connected to each other only via the rotor jacket 21. The
person skilled in the art is capable of suitably configuring the gas-carrying
channel, which is situated between the second gas removal device 5, 52 and the
intermediate volume 25. When it comes to the second gas removal device 5, 52,
the same arrangements, orientations, distances A, distances D21 and mean
diameters D53 of the gas removal surface 53 can be selected as was the case with
the first gas removal device 5, 51; in this context, also see Figure 2. This also
applies to the following embodiments according to Figures 4 and 6. For additional

details, reference is hereby made to Figures 1 and 2 as well.

Figure 4 shows another embodiment of the vacuum rotor system 1 according to
the invention, in a side view with an additional second gas removal device 5, 52
that has a direct gas connection 28 to the gas outlet opening 31 of the first gas
removal device 5, 51. As a variant of the embodiment shown in Figure 3, in the
embodiment shown here, the second gas removal device 5, 52 does not convey the
gas G that has been removed from the arca between the second (upper) hub 23 and
the open second end 2b of the rotor 2 into the intermediate volume 25, but rather,
all the way through this intenmediate volume 25 to the first gas outlet opening 31
80 that it can be conveyed further out of the machine housing 3 and into the
vacuum system 4. In this context, the direct connection 28 between the second gas
removal device 5, 52 and the gas outlet opening 31 passes through a shaft 29 that
joins the two hubs 22, 23 and is connected to the gas channel in a suitable manner

between the first gas outlet opening 31 and the vacuum system 4. The direct
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connection here has a cross section that is selected in such a way that this direct

connection 28 can be integrated into the shaft 29 of the rotor 2.

Figure 5 shows another embodiment of the vacuum rotor system 1 according to
the invention as shown in Figures 2 and 3, in an enlarged view of the rotor 2 in the
area of the lower hub 22, which is gas-permeable here. Here, a gas-absorbing
layer 26 is arranged on part of the inside 251 of the intermediate volume 25. This
layer 26 absorbs the gas that is present in the intermediate volume 25 and that is
then conveyed into the intermediate volume 25, for example, by the second gas
removal device 5, 52 according to Figure 3. When it comes to the otherwise gas-
tight intermediate volume 25, this alone causes the gas pressure in the
intermediate volume 25 to be reduced, even in the case of a gas-impermeable
lower hub 22. In this embodiment, however, in addition, the hub 23 that faces the
second gas removal device 5, 52 is gas-impermeable and the hub 22 (lower hub 22
or first hub 22) that faces the first gas removal device 5, 51 is configured so as to
be at least partially gas-penmeable, so that the gas G conveyed by the second gas
removal device 5, 52 into the intermediate volume 25 can escape via the gas-
permeable hub 22 in the direction of the first gas removal device 5, 51. In this
manner, the first gas removal device 5, 51 can also discharge the gas picked up by
the second gas removal device 5, 52 via the gas outlet opening 31 all the way
through the machine housing 3 and out into the vacuum system 4, thereby further
lowering the operating vacuum pressure in the machine housing 3. Moreover, as a
result, the pumping off of the gas volume that is in intermediate storage is also
improved at a low rotational speed. The gas permeability of the first (lower) hub
22 in this embodiment is achieved by a plurality of holes 27 which are preferably

arranged symmetrically on the hub 22,

Figure 6 shows another embodiment of the vacuum rotor system 1 according to
the invention, in a side view, with an additional sccond gas removal device 5, 52
that has a direct gas connection to a second gas outlet opening 32. The vacuum

rotor system | here comprises an additional gas outlet opening 32 on the side of



10

IS5

20

25

30

CA 03012568 2018-07-25

20

the machine housing 3 located opposite from the other gas outlet opening 31,
whereby, in order for the second gas removal device 5, 52 to discharge the gas G
it has picked up, it is connected to the additional gas outlet opening 32 which, in
turn, is connected to the vacuum system 4. Owing to this direct connection, the
gas G picked up by the second gas removal device 5, 51 can be removed from the
machine housing 3 efficiently since this is the shortest path, thereby further

reducing the operating vacuum pressure.

Figure 7 shows an embodiment of the method according to the invention, for the
operation of the vacuum rotor system 1, comprising the steps of generating a fore-
vacuum pressure VD in the machine housing 3 by means of a vacuum system 4
that is connected to the gas outlet opening 31 and that has at least one forepump
41, and of reducing the pressurc in the machine housing 3 from the fore-vacuum
pressure VD to a lower operating vacuum pressure BD by means of the rotor 2
itself due to rotation RO, in that at least one first gas removal device 5, 51 that has
a gas removal opening 53 to efficiently pick up gas G in the machine housing 3 is
arranged between the hub 22 and the appertaining open end 2a of the rotor jacket
21, at a suitable distance A from the inside 21i of the rotor jacket 21 without
making contact with the rotor jacket 21, wherehy said first gas removal device 5,
51is connected to the gas outlet opening 31 in order to discharge the picked-up
gas G, whereby, at a rotational frequency greater than 200 Hz, the rotor 2 itself
conveys F part of the gas flow G that, due to the rotation of the rotor, is moving
along the inside 211 of the rotor jacket 21 at least into the first gas removal device

5,51

By means of the embodiments shown in Figures 1 to 6, it is possible, for instance,
at an operating vacuum pressure of 10 mbar at the pump connection flange to
achieve operating vacuum pressures BD of 2*10-* mbar in the area between the
upper hub 23 and the open (second) end 2b of the rotor 2. In comparison to this, in
case of turbopumps instead of the gas removal device according to the invention,

at an operating vacuum pressure of 10> mbar at the pump connection flange, only
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operating vacuum pressures of a mere 102 mbar are achieved on the opposite side
of the hub, so that the vacuum rotor system 1 according to the invention is capable
of achieving not only comparable pressures that are more cost-effective, but also a

better pressure distribution.

The embodiments shown here constitute merely examples of the present invention
and consequently must not be construed as being of a limiting nature. Alternative
embodiments taken into consideration by the person skilled in the art are likewise

encompassed by the protective scope of the present invention.
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List of reference numerals

2a,2b
21
21
22
23
24
25
25i
26
27
28

29
29a

31
32

4]

51
52
53
531

vacuum rotor system

rotor

(two) open ends of the rotor perpendicular to the axis of rotation
rotor jacket

inside of the rotor jacket

a hub (first hub or lower hub)

another hub (second hub or upper hub)

bearings in which the hubs are mounted

intermediate volume in the rotor between the hubs

inside of the intermediate volume

gas-absorbing layer

holes in the gas-permeable hub

direct connection between the second gas removal device and the gas
outlet opening 31

shaft that joins the two hubs

journal that each time connects one of the hubs to the bearing
machine housing

(first) gas outlet opening

additional (second) gas outlet opening at the sides of the machine
housing opposite from the other gas outlet opening 31

vacuum system

fore-vacuum pump in the vacuum system

gas removal device (first or second)

first gas removal device

second gas removal device

gas pick-up opening

gas removal surface



10

BD
D21
D53

CA 03012568 2018-07-25

23

distance between the gas pick-up opening and the inside of the rotor
jacket

operating vacuum pressure

distance between the gas removal device and the open end of the rotor
mean diameter of the gas removal surface

conveying gas into the gas removal device due to the rotation of the rotor
gas, gas flow

axis of rotation

radius of the rotor

rotation of the rotor

fore-vacuum pressure
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Claims

A vacuum rotor system (1) comprising a hollow rotor (2) with a rotor jacket (21) that is
open at both ends (2a, 2b) perpendicular to the axis of rotation (R) and with at least two
hubs (22, 23) that are connected to the inside (21i) of the rotor jacket (21) and that are
suitably mounted in appropriate bearings (24) so that the rotor (2) can rotate, also
comprising a machine housing (3) that encloses the rotor (2) and that has at least one gas
outlet opening (31) to discharge gases (G) from the machine housing (3), also
comprising a vacuum system (4) that is connected to the gas outlet opening (31) and that
has at least one forepump (41) for purposes of generating a fore-vacuum pressure (VD)
in the machine housing (3), and also comprising at least one first gas removal device (5,
51) with a gas pick-up opening (53) that is arranged in the machine housing (3) between
the hub (22) and the appertaining open end (2a) of the rotor Jjacket (21), at a suitable
distance (A) from the inside of the rotor jacket (21) without making contact with the
rotor jacket (21), in order to efficiently pick up gas (G), whereby said first gas removal
device (5, 51) is connected to the gas outlet opening (31) in order to discharge the
picked-up gas and it is arranged in such a way that, at a rotational frequency greater than
200 Hz, the rotor (2) itself conveys (F) part of the gas flow (G) that, due to the rotation
of the rotor, is moving along the inside (21i) of the rotor jacket (2 1), at least into the first
gas removal device (5, 51), and consequently, the rotor itself can reduce the gas pressure
in the machine housing (3) from the level of the fore-vacuum pressure (VD) to a lower

operating vacuum pressure (BD).

The vacuum rotor system (1) according to claim 1,

characterized in that

the distance (A) between the gas pick-up opening (53) of the first gas removal device (5,
51) and the rotor jacket (21) is less than 10% of the radius (RD) of the rotor (2) at this

place.

The vacuum rotor system (1) according to claim 2,

CA 3012568 2020-03-16



10

15

20

25

30

25

characterized in that

the distance (A) between the gas pick-up opening (53) of the first gas removal device (5,
51) and the rotor jacket (21) is between 1% and 5% of the radius (RD) of the rotor (2) at
this place,

The vacuum rotor system (1) according to any one of claims 1 to 3,

characterized in that

the gas pick-up opening (53) comprises an efficient gas pick-up surface (531) that has a
mean diameter (D53) and is oriented along the rotor jacket (21) perpendicular to the gas
flow (G).

The vacuum rotor system (1) according to claim 4,

characterized in that

the first gas removal device (5, 51) is arranged inside the rotor jacket (21) at a distance
(D21) from the open end of the rotor jacket (21) which amounts to at least three times
the mean diameter (D53).

The vacuum rotor system (1) according to claim 4 or 5,

characterized in that

the mean diameter (D53) is between 3% and 10% of the radius (RD) of the rotor (2) at
this place.

The vacuum rotor system (1) according to any one of claims 1 to 6,

characterized in that,

the first gas removal device (5, 51) has a cross section parallel to the gas flow (G) along
the insides (21i) of the rotor jacket (21) that is suitable to minimize turbulence of the gas
flow (G) through the first gas removal device (5, 51).

The vacuum rotor system (1) according to claim 7,
characterized in that,

CA 3012568 2020-03-16
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the cross section is round or oval.

The vacuum rotor system (1) according to any one of claims | to 8,

characterized in that,

as was the case with the first gas removal device (5, 51), at least one second gas removal
device (5, 52) is arranged between the other hub (23) and one end (2b) of the rotor jacket
(21) that correspondingly belongs to this other hub (23), at a suitable distance (A) from
the inside (21i) of the rotor jacket (21) without making contact with the rotor jacket (21),
in order to pick up gas (G).

The vacuum rotor system (1) according to claim 9,

characterized in that,

the hubs (22, 23) define an intermediate volume (25) between the hubs (22, 23) in the
hollow rotor (2), and the second gas removal device (5, 52) is arranged in such a way

that the gas (G) that has been picked up is conveyed into the intermediate volume (25).

The vacuum rotor system (1) according to claim 10,

characterized in that

the hubs (22, 23) are configured so as to be impermeable to gas in order to form a gas-
tight intermediate volume (25).

The vacuum rotor system (1) according to claim 11,
characterized in that
an at least partially gas-absorbing layer (26) is arranged on the inside (25i) of the

intermediate volume (25).

The vacuum rotor system (1) according to claim 10,
characterized in that,
the hub (23) facing the second gas removal device (5, 52) is impermeable to gas and the

hub (22) facing the first gas removal device (5, 51) is at least partially permeable to gas,
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so that gas (G) conveyed by the second gas removal device (5, 52) into the intermediate
volume (25) can escape through the gas-permeable hub (22) in the direction of the first
gas removal device (5, 51).

The vacuum rotor system (1) according to claim 13,
characterized in that,
the gas-permeable hub (22) comprises a symmetrical arrangement of holes (27) that

serve to achieve the gas permeability.

The vacuum rotor system (1) according to claim 9,
characterized in that,
in order for the second gas removal device (5, 52) to discharge the gas (G) it has picked

up, it is connected directly to the gas outlet opening (31).

The vacuum rotor system (1) according to claim 15,

characterized in that,

the direct connection (28) between the second gas removal device (5, 52) and the gas
outlet opening (31) runs through a shaft (29) that joins the two hubs (22, 23).

The vacuum rotor system (1) according to claim9,

characterized in that,

the vacuum rotor system (1) comprises another gas outlet opening (32) on the side of the
machine housing (3) that is opposite from the other gas outlet opening(31); in order for
the second gas removal device (5, 52) to discharge the gas (G) it has picked up, it is
connected to the other gas pick-up opening (32) which is connected to the fore-vacuum

system (4).

A flywheel energy storage unit comprising a plurality of vacuum rotor systems (1)
according to claim 1, whereby, in order to generate a fore-vacuum pressure (VD) in each

of the machine housings (3), the vacuum system (4) of each vacuum rotor system (1) is
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combined to form a joint energy storage vacuum system having at least one fore-vacuum

pump (41) that provides the fore-vacuum pressure (VD) in each machine housing (3).

A method to operate the vacuum rotor system (1) according to claim 1, comprising a
hollow rotor (2) with a rotor jacket (21) that is open at both ends (2a, 2b) perpendicular
to the axis of rotation (R) and with at least two hubs (22, 23) that are connected to the
inside (21i) of the rotor jacket (21) and that are suitably mounted in appropriate bearings
(24) so that the rotor (2) can rotate, also comprising a machine housing (3) that encloses
the rotor (2) and that has at least one gas outlet opening (31) to discharge gas (G) from

the machine housing (3), said method comprising the following steps:

- a fore-vacuum pressure (VD) is generated in the machine housing (3) by means of a
vacuum system (4) that is connected to the gas outlet opening (31) and that has at
least one forepump (41); and

- the pressure in the machine housing (3) is reduced from the level of the fore-vacuum
pressure (VD) to a lower operating vacuum pressure (BD) by means of the rotor (2)
itself, in that at least one first gas removal device (5, 5 1) having a gas pick-up opening
(53) to efficiently pick up gas (G) in the machine housing (3) is arranged between the
hub (22) and the appertaining open end (2a) of the rotor jacket (21), at a suitable
distance (A) from the inside (21i) of the rotor jacket (21) without making contact with
the rotor jacket (21), whereby said first gas removal device is connected to the gas
outlet opening (31) so that the gas (G) that has been picked up can be discharged,
whereby, at a rotational frequency of more than 200 Hz, the rotor (2) itself conveys
(F) part of the gas flow (G) that, due to the rotation of the rotor, is moving along the
inside of the rotor jacket (21), at least into the first gas removal device (5, 5 1).
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