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Description

[0001] The present invention relates to an inertial energy accumulating device
allowing, for example, absorbing the fluctuations in the production and/or con-
sumption of energy which are associated with a unit for producing energy, such
as a wind turbine. A device of this type may also be used to recuperate and
then restore or use in some other way a retarding and/or slowing power. The

device may also be used to stabilize a rotational speed.

[0002] Various types of energy storing systems are known. One type is based
on flywheels, that is to say on at least one mass set in rotation by input of ener-
gy, which will continue to rotate, under inertia, after the energy input has
ceased. The rotating mass is connected to a motor which constitutes a means
of inputting energy during the energy-storage periods, or a generator during en-
ergy-restoring periods. The heavier the flywheel and the more able it is to rotate
quickly with the lowest possible friction, the greater the amount of energy that
can be stored. The problem with the flywheel bearings, or more generally with

how it is pivot-mounted, is therefore of key importance.

[0003] In some types of flywheel the bearings are partially relieved of the weight
of the flywheel by applying an electromagnetic force.

[0004] Another type is described in PCT application PCT/NL2009/000248. This
inertial energy accumulation device comprises a frame and at least one flywheel
mounted so that it can rotate relative to the frame about an axis of rotation, as
well as means for exposing at least one face of the flywheel to a gas pressure
which, by comparison with the pressure applied to a substantially opposite face
of the flywheel, generates an upward differential pressure force that at least par-
tially compensates for the weight of the flywheel, such as by means of so-called
gas flow slowing means surrounding the face of the flywheel that is exposed to
the gas pressure. It is stated that in this device not only the flywheel bearings
are relieved at least partially of the weight of the flywheel, thus increasing their

life, but the cost per kWh is also greatly reduced. These gas flow slowing
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means make it possible to create a drop in pressure head in the leakage space.
They are typically formed between the flywheel and a surface integral with the
frame. In an embodiment these flow slowing means comprise a labyrinth seal.
In such a seal, the gas flow path comprises a succession of special features
that generate drops in pressure head ("head drops"). For example, the cross

section for the passage of the gas is alternately reduced and enlarged.

[0005] Now it has appeared that in a pilot scale model of a device according to
said PCT application the total energy losses are unexpectedly high and as a re-
sult the time period that the flywheel can deliver energy, e.g. for charging one or
more other appliances is relatively short. Therefore the device cannot be oper-

ated in an economically feasible manner.

[0006] The present invention is directed to further improvements of a rotor

based inertial energy accumulation device.

[0007] It is a general object of the present invention to improve the efficiency of

such a device.

[0008] It is a further object of the present invention to reduce the energy losses
of such a device.

[0009] According to the invention the inertial energy accumulation device com-
prises a housing defining a rotor chamber, at least one rotor having a bottom
end face and a substantially opposite top end face, the rotor being mounted in
the rotor chamber so that it can rotate relative to the housing about a vertical
axis of rotation leaving free a gap, wherein a seal is provided in the gap sepa-
rating an upper section of the rotor chamber and a bottom section of the rotor
chamber, a means for exposing at least the bottom end face of the rotor in the
bottom section to a gas pressure which, by comparison with the pressure ap-
plied to the substantially opposite top end face in the upper section generates

an upward differential pressure force that at least partially compensates for the
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weight of the rotor, and the device is provided with means for reducing the
pressure in said upper section.

[0010] The inertial energy accumulation device according to the invention has a
housing, which is generally sealed to the environment except for the necessary
connections to be described. The inner wall of the housing delimits a rotor
chamber. In this rotor chamber a rotor is mounted. The outline of the rotor is de-
fined by a top end face and a bottom end face opposite to the top end face, as
well as an upstanding wall between the end faces. The rotor can rotate about a
vertical axis of rotation. Usually a rotation shaft extends from both end faces of
the rotor into suitable bearings that are provided in the top and bottom of the
housing. At least during use a gap is present between the inner walls of the
housing and the outer perimeter of the rotor. In this gap a seal is present, the
position of which will be discussed hereinafter in more detail. This seal sepa-
rates an upper part from a lower part of the rotor chamber. The top face of the
rotor is contained in the upper section, while the bottom face is contained in the
lower part. The device is provided with means (hereinafter also called vacuum
means or second means) for reducing the pressure in the upper part, e.g. below
100 mbar, such as 50, 10 or 5 mbar. There is also a means (also called first
means) for blowing a gas to the bottom end face of the rotor at an overpressure
e.g. 100 mbar relative to the pressure in the upper part of the rotor chamber in
order to lift the rotor, thereby compensating for the weight of the rotor and thus
reducing the load on the bearings. Due to the low pressure in the upper part the
friction between the gas contained in the rotor chamber and the rotor is small.
Compared to the device according to PCT application PCT/NL2009/000248 the
friction losses are reduced essentially, allowing the device to be operated in an

economical feasible manner.
[0011] Advantageously the first means are designed in such a way that the ab-
solute gas pressure exerted on the bottom end face of the rotor is less than at-

mospheric pressure, e.g. in the range of 100-200 mbar.

[0012] The rotor may be a straight cylinder. Alternatively it can have a tapered
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shape, advantageously the rotor is a topped off cone mounted top side down,
so that the larger diameter is at the top. The effect of this configuration is that
the device has a self-regulating levitation. A (temporary) increase in gas pres-
sure at the bottom of the rotor chamber will lift the rotor further upwards, but
simultaneously the passage for the gas in the seal increases thereby reducing
the pressure drop and thus the differential pressure between bottom and top
face is reduced as a result the levitation is reduced, the total effect being that
there is approximately no change in rotor levitation. Similarly a (temporary) de-
crease of gas flow will be compensated. This enables the rotor to automatically
remain at a constant levitation level during use. Advantageously the angle be-
tween the circumferential wall of the rotor and its vertical axis of rotation is in the

range of 0.25 - 10°, more preferably up to 3°, such as 1°.

[0013] The seal in the gap between the inner walls of the housing and surfaces
of the rotor allows a restricted flow of gas from the bottom section of the rotor
chamber to the upper section thereof. Advantageously the seal in the gap is a
labyrinth seal comprising - as seen in the direction of flow of the gas supplied or
sucked away- a series of projections and/or grooves that create drops in pres-
sure head. Typically, the cross-section for the passage of gas in the gap is re-
duced and enlarged in an alternating manner. Preferably the projections com-
prised in the labyrinth have an at least partially rounded tip. The rounded tip of a
projection provides for a relatively smooth flow of gas from the higher pressure
side of a projection to the other side, thereby reducing turbulence, which would
adversely affect the stability of the rotor rotation. Advantageously the tip of a
projection is wing-shaped. More preferably, the labyrinth is a semi-labyrinth. In
the context of this application this expression means that one of the housing
and the rotor is provided with a series of vertically spaced apart projections (or
recesses), such as rings concentric to the axis of rotation, and that the other

one is flat.

[0014] Typically, the projections or recesses of the labyrinth are provided in the
stationary housing of the device according to the invention, whether integral

with the housing whether assembled from discrete elements.
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[0015] In a preferred embodiment the suction side of the vacuum means is
connected to the rotor chamber at the position of the seal, e.g. in a recess be-
tween adjacent projections of a (semi-)labyrinth. In this embodiment the low
pressure in the upper part of the rotor chamber is maintained, while at the same
time the gas continuously supplied to the lower part in order to lift the rotor is al-

SO removed.

[0016] In a further preferred embodiment of a seal, in particular the projections
of a semi-labyrinth seal, provided at the stationary housing, advantageously the
tips of the projections are situated on a line parallel to the sloping upstanding
wall of the rotor. In other words, the inner diameter of the concentric projections
increases from the lower part to the upper part proportional to the increase in

diameter of the rotor.

[0017] In another preferred embodiment the bottom wall of the rotor chamber is
provided with a raised central platform, and the bottom end face of the rotor has
a recessed shape matching the platform. The first means direct the gas flow in
the recess of the bottom end face of the rotor. Preferably the platform has a
topped off conical shape, and the bottom end face of the rotor comprises a
matching conical recess. The conically recessed bottom end face of the rotor
ensures a steady flow of gas to the labyrinth seal, as well as a self-centring ef-
fect, thereby increasing the stability of the rotor. Advantageously, the angle of

the cone is small, e.g. in the range from a few degrees to 20°.

[0018] In this embodiment the seal is preferably positioned in the gap between

the outer perimeter of the raised platform and the inner perimeter of the recess.

[0019] In another embodiment the device comprises a gas delivery conduit for
delivering gas at a relative overpressure to the bottom face of the rotor con-
nected to the lower section of the rotor chamber and a suction conduit for re-
moving gas also connected to the lower section, wherein the conduits are in flu-

id communication with one another via a small gap at the bottom end face of the
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rotor. In a further embodiment thereof the device comprises a central gas deliv-

ery conduit and an outer concentric suction conduit.

[0020] Preferably the delivery side of the means, typically a compressor or vac-
uum pump, for reducing the pressure in the upper section is connected to the
lower section for exposing the bottom end face of the rotor to a relative over-
pressure. In this embodiment, the device according to the invention comprises a
compressor or vacuum pump having a suction side and a delivery side, the de-
livery side being connected to lower section of the rotor chamber for supplying
the gas to the bottom end face of the rotor and the suction side being connected
to the housing, preferably at least at the seal, such that the upper section is
maintained at a relative low pressure, e.g. less than e.g. 10 mbar. The energy
consumed by the compressor during a typical storage period represents only a
small percentage of the energy that can be stored in the rotor. This allows, with
an economically acceptable loss of energy, recirculating the gas and feeding it
again at the desired pressure into the housing at the lower end face of the rotor.
Advantageously the suction power of the compressor is such that it is able to
apply a vacuum lower than the pressure present in the upper part of the rotor
chamber. In such case the sealing efficiency between the lower and upper parts

of the rotor chamber is improved.

[0021] In an advantageous embodiment, the labyrinth seal, whether integral
with the housing or rotor or made from separate elements, is provided with a
coating for reducing gas flow friction. Then the majority of the pressure drop is
determined by the dimensions and shape of the labyrinth seal. Preferably, the
labyrinth is a semi-labyrinth provided at the inner wall of the housing. In addition
to a coating of the semi-labyrinth, the rotor may have an outer smooth shell, e.g.

made of steel, plastic and carbon.

[0022] In yet a further embodiment of the device according to the invention it
comprises a control means for controlling the flow rate of the compressor with a
view to maintaining predetermined lift conditions on the rotor, particularly a pre-

determined pressure difference between the two opposite faces of the rotor
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and/or a predetermined load on bearings such as rolling bearings or plain bear-
ings. Thus overloading of the bearing and destabilization of the rotor can be
prevented effectively.

[0023] The device may comprise a heat exchanger between the gas suction
side and the gas delivery side for cooling the gas. During use the gas heats up
due to compression and/or friction between the gas and the rotor. In order to
prevent thermal damage to the device the heat exchanger cools the gas when

not in contact with the rotor.

[0024] The gas sucked in and/or delivered is preferably predominantly made up
of air, hydrogen or helium, because of their low coefficients of friction and low
viscosities. Generally helium is preferred on account of its stability and its low

coefficient of friction.

[0025] Generally the rotor is secured to a shaft mounted in bearings. A pinion is
coupled in terms of rotation to, but axially decoupled from, the rotor. Thus, the
rotor shaft allows rotation of the rotor about the common axis of the rotor and of
the shaft. The pinion provides connection to equipment external to the rotor.
The axial decoupling between the pinion and the rotor prevents any high axial
and/or radial stresses there might be from being transmitted to the gear sets.
The pinion allows the rotation of the rotor to be coupled to a source of motive
power and/or to energy-consuming external equipment. The coupling may be

indirect, particularly if several rotors are coupled together.

[0026] The rotor may be a hollow cone, wherein the mass is concentrated in the
outer walls and faces. This is in particular applicable to industrial applications. In
a preferred embodiment, e.g. for relatively small domestic applications, the rotor
is solid, e.g. made from reinforced concrete or metal. If necessary, the rotor

may be reinforced by reinforcing elements like crossed spokes.

[0027] According to an advantageous embodiment, several rotors can be

joined, e.g. using suitable gear sets and transmission wheels, together to form a
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matrix, all connected directly or otherwise to the same motor and/or the same
consumer. Each rotor is provided with its own pinion and bearing. The rotors
are then preferably assembled along the lines of concentric rings, with a central
rotor and several peripheral rotors. In another configuration several pinions are
connected together by two points of contact each. This configuration entails that
at least some of the transmission wheels be superposed. Specifically, pairs of
transmission wheels composed of two concentric wheels, one externally
toothed and the other internally toothed and surrounding the first are preferably
used. Each pair preferably drives three pinions by two points of contact each,
one point of contact being with the inner wheel of the pair and the other with the
outer wheel of the pair. A configuration of this type gives far greater stability in
the transmission of energy between the rotors. The mechanical stresses are

lower and there is a better distribution of energy between the pinions..

[0028] A particular use of the device according to the invention is directed to
absorbing fluctuations in the production and/or consumption of energy which
are associated with a unit for producing energy, particularly electrical energy,

particularly using a wind turbine.

[0029] Typically the device according to the invention is connected to a motive
source, such as a wind turbine or a motor powered by solar energy, in order to
charge the rotor. Discharging typically occurs through a generator in order to

convert the rotational speed of the rotor into electricity.

[0030] The several aspects of the invention are further illustrated by the at-
tached drawing, wherein:

Figure 1 is a schematic presentation of an embodiment of the device according
to the invention;

Figure 2 is a schematic presentation of another embodiment of the device ac-
cording to the invention; and

Figure 3 is a schematic presentation of yet another embodiment of the device

according to the invention.
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[0031] In the following detailed discussion of the various embodiments shown in
the Figs. 1-3 similar parts are indicated by the same reference numerals.

[0032] An inertial energy accumulating device 10 according to the invention
comprises a housing 12. The housing 12 may comprise a tray type tank 13 hav-
ing a lid or cover 14 at the top, as shown in Fig. 1. The housing 12 defines a ro-
tor chamber, which is generally indicated by 16. In the rotor chamber 16 a rotor
18 such as a flywheel having a vertical rotation shaft 20 extending through the
housing 12 is rotatable mounted using bearings 22. Typically, the other end of
the rotation shaft 20 is mounted in a blind bore (not shown), if necessary, using
suitable bearings (also not shown). The solid rotor 18 has a top end face 24 and
an opposite bottom end face 26. An upstanding wall 28 connects the two faces
24, 26 and is generally parallel to the upstanding inner wall 30 of the housing 12
leaving free a small gap 32, at least during use. During use, two sections are
distinguished in the rotor chamber 16. An upper section 34 is separated by a
seal 36 from a lower section 38. Gas is supplied to the lower section 38 by vac-
uum pump or compressor 40 at a predetermined pressure (e.g. a relative gauge
pressure of 100 mbar) and directed to the bottom end face 26, here to a re-
cessed central region 46 upstream from the seal 36. The upper section 34 is
maintained at a low pressure, e.g. 5 mbar. Due to the pressure difference be-
tween the two sections the weight of the rotor 18 is partially compensated and
the rotor 18 is lifted. The two sections 34 and 38 are not hermetically sealed,
but in stead thereof they are in fluid communication with one another via the

seal 36.

[0033] In the embodiment shown in Fig. 1, the bottom of the housing 12 is pro-
vided with a conical platform 42 having at its top face 44 a small recess 45. The
bottom end face 26 of rotor 18 is provided with a recess 46 matching the plat-
form 42. An upstanding face 48 of platform 42 is provided with a number of cir-
cumferential channels 50, which together with the opposite flat wall 52 of the re-
cess 46 provides a semi-labyrinth seal 36 as defined hereinbefore. The recess

45 is connected to the gas delivery conduit 54 of the compressor 40. The suc-
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tion side thereof is connected to one or more of the channels 50 via suction
conduit 56. During use the gas supplied to the lower section 38 is sucked away
by the compressor, while the vacuum in the upper section 34 is maintained. The
vacuum in the upper section 34 contributes to a reduction of the friction be-
tween the rotor 18 and the medium in the upper section. In the embodiment as
shown the velocity of the gas in the recess 46 is relatively small compared to
any gas present in the gap 32 between the upstanding walls of the rotor 18 and
the housing 12. This configuration offers a further contribution to the overall fric-

tion reduction.

[0034] In the embodiment shown in Fig. 2, the rotor 18 is an inversed topped off
cone having a flat bottom end face 26. In this case the seal 36 is assembled
from a series of horizontal wing-shaped projections or lamellae 60 that are ver-
tically spaced apart mounted to the inner upstanding wall of the housing 12. The
suction conduit 56 is connected to the lower rim part of the housing 12 at 62
and to the seal 36 between two or more lamellae 60. In the device gas delivery
conduit 54 and gas suction conduit 56 are in fluid communication via small gap

or passage 76.

[0035] In the embodiment of Fig. 3 a pipe 70 having a partition 72 surrounds the
vertical rotation shaft 20. The pipe 70 extends into an annular recess 74 in the
bottom end face 26 forming a seal 36 between the vacuum upper section 34
and lower section 38. The free end 74 of partition 72 is positioned near the bot-
tom end face 26 leaving free a small gap or passage 76. Gas flow is indicated

by arrows.

[0036] A device according to the invention typically comprises control means
using pressure sensors for regulating the operation of the compressor with a
view to maintaining predetermined lift conditions on the rotor, particularly a
pressure less than 10 mbar in upper section and a predetermined pressure dif-
ference between two opposite end faces and/or a predetermined vertical load
on bearings of the flywheel. The sensors are typically arranged in the upper and

lower sections.
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Patentkrav

1. Indretning til lagring af inerti-energi, og som omfatter et hus (12), der har et
rotorkammer (16), mindst én rotor (18), som har en bundendeflade (26) og en i
hovedsagen modsat beliggende topendeflade (24), hvilken rotor (18) er saledes
monteret i kammeret (16), at den kan rotere i forhold til huset (12) omkring en
lodret omdrejningsakse (20), idet den efterlader et frit gab (32), kendetegnet
ved, at der findes en teetning (36) i gabet (32), og som adskiller en gvre sektion
i rotorkammeret (16) fra en bundsektion (38) i rotorkammeret (16), et organ (40)
til eksponering af i det mindste bundendefladen (26) af rotoren (18) i bundsekti-
onen (38) for et gastryk, som — sammenlignet med det tryk, der er tilfart til den i
hovedsagen modsat beliggende topendeflade (24) i den gvre sektion (34) — kan
skabe en opadgaende differenstrykkraft, som i det mindste delvis kompenserer
for vaegten af rotoren (18), og at indretningen har et organ (40) til reduktion af
trykket i den gvre sektion (18).

2. Indretning ifalge krav 1, hvor organet (40) til pavirkning af i det mindste
bundendefladen (26) af rotoren (18), er indrettet til at kunne pavirke denne
bundendeflade (26) med et gastryk, som er mindre end 1 atmosfeere.

3. Indretning ifelge krav 1 eller 2, hvor organet (40) til reduktion af trykket i
den gvre sektion (18) har en sugeside, som i det mindste er forbundet med en
teetning (36).

4. Indretning ifglge ethvert af de foregdende krav, hvor bunden af rotorkam-
meret (16) har en haevet platform (42), og hvor bundenden (26) af rotoren (18)

har en tilsvarende udtagning (44).
5. Indretning ifglge krav 4, hvor den haevede platform (42) har en konisk form.
6. Indretning ifolge ethvert af de foregaende krav 4-5, hvor teetningen (36) er

anbragt i gabet (32) mellem den ydre perimeter af den haevede platform (42) og

den indre perimeter af den tilsvarende udtagning (44) for rotoren (18).
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7. Indretning ifglge ethvert af de foregaende krav, som yderligere omfatter en
gastilfaringsledning (54) til tilfering af gas ved et relativt overtryk ved bundende-
fladen (26) af rotoren (18) i forbindelse med den nedre sektion (38) af rotor-
5 kammeret (16), og en sugeledning (56) til fiernelse af gas, og som er forbundet
med den nedre sektion (38), hvilke ledninger (54, 56) er i fluidumforbindelse

med hinanden via en lille kanal ved rotorens (18) bundendeflade (26).

8. Indretning ifglge krav 7, hvor der findes en central gastilferingsledning (54)
10 og en sugeledning, som er anbragt koncentrisk omkring gastilferingsledningen
(54).

9. Indretning ifalge ethvert af de foregaende krav, hvor organet (40) til reduk-
tion af trykket i den gvre sektion (34) har en tilfgringsside, som er forbundet

15 med den nedre sektion (38).
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