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WO 92/04667 PCT/DK91/00261

FLOW CONTROLLING DEVICE FOR A DISCHARGE SYSTEM SUCH AS A
DRAINAGE SYSTEM

The present invention relates to a flow controlling
device for a discharge system, such as a drainage system,
and comprises a vortex chamber with an inlet and an outlet.

Such flow controlling devices are known from the
accepted DK specification no. 135,904, accepted SE
specification no. 457,121, published GB specification no.
2,141,561 and US Patents Nos. 4,206,783 and 4,679,595. From
these publications it is known to brake the flow of a liquid
by leading it tangentially into a housing with an
essentially circular cross section and which forms a vortex
chamber. Common for these devices are that it is'a
prerequisite for the formation of vortices and consequently
for the establishing of the braking or controlling effect
that the inlet flow into the vortex chamber takes place
essentially perpendicular to the outlet flow dependent on
the construction of the vortex chamber.

Within the field of controlling the flow of liquids
and in particular within the environment sector there is an
increasing need for not only a possibility to change the
capacity by adjusting a controlling device but to an even
higher degree a need for a possibility to control even
smaller liquid flows than usual by means of a controlling
device with a favourable charactistic and an acceptable
cross section of the flow, clogging on account of solid or
viscous impurieties in the liquid being thus avoided.

The object of the invention is thus to provide a flow
controlling device, which in comparison with the known
controlling devices has a bigger braking effect in relation
to the cross section of the flow.

Furthermore, it is an object of the invention to
provide a flow controlling device, which makes it possible
for the inlet and the outlet to have essentially the same
direction or to be placed in series.

To meet these objects the flow controlling device
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differs from the known ones in that the vortex chamber is
essentially symmetrical with respect to a median plane
perpendicular to the vortex axis (A), that the flow
direction of both the inlet and the outlet is parallel with
this plane and that the vortex chamber with inlet and outlet
is asymmetric with respect to a plane parallel with the
inlet direction and perpendicular to said median plane.
Thereby a very simple controlling device is attained, the
inlet and outlet of which may have the same direction or may
form an angle with one another.

Accbrding to an embodiment of the invention a second,
bigger vortex chamber with a peripheral inlet and a central
outlet, axial in relation to a vortex in this chamber, is at
its inlet connected to the outlet of the first vortex
chamber, and the vortex axis (A) of the first vortex chamber
is essentially perpendicular to the tangent of the second
vortex chamber at its inlet. Thereby it is achieved that the
jet of liquid running into the first vortex chamber, on
acccount of a vortex created due to the asymmetry in this
chamber, will be contracted and accelerate and flow
diagonally out through the outlet of this first vortex
chamber. The jet thus flows essentially tangentially into
the second vortex chamber at great velocity and with a very
small cross section in relation to the inlet opening, this
second chamber getting thereby a high braking effect in
relation to the cross section of the flow passage.

According to a further embodiment of the invention
the first vortex chamber is an essentially disc-shaped
hollow space, the inlet and outlet of which are essentially
positioned on a common axis, and in which in the inlet at
one side of a plane through the inlet and the outlet and
perpendicular to the plane of the disc a protrusion is
provided. By this embodiment it is achieved that a strong
flow of liquid in the inlet to the first vortex chamber is
influenced by a considerable deflection power, which is
essentially enhanced by a vortex created behind the
protrusion and which forces the flow of liquid towards the
periphery of the chamber opposite to the protrusion and the
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vortex, the flow being contracted and accelerated. A small
flow will only be subjected to a small deflection power.
Several, first vortex chambers of this construction may be
placed in series for successive creation of bigger vortices.

According to another embodiment the first vortex
chamber is an essentially disc-shaped hollow space, and the
inlet of this vortex chamber is essentially tangential.

The first vortex chamber may have an inner and an
outer peripheral wall, the inner peripheral wall being
adapted to be displaced in such a way along the outer
peripheral wall that the size of the opening of the inlet
and/or the outlet can be changed. Thereby it is made
possible to change the characteristic of the controlling
device.

In a another embodiment the inlet of the first vortex
chamber comprises a stub, which is adapted to extend into a
hollow space, from which liquid during operation flows into
the flow controlling device. Thereby a contraction of the
in-flowing jet of liquid is achieved already at the inlet
and consequently a stronger effect.

According to a further embodiment of the invention a
slide valve is provided in the flow path between the first
and the second vortex chamber, said slide valve being
activated by a spring towards an open position and towards a
closed position by a member, which is in turn activated by a
displaceable wall in a chamber, which is flow-connected with
the second vortex chamber close to its periphery. There a
throttling is attained between the first and the second
vortex chamber depending on the biggest pressure in the
second vortex chamber. In case of clogging of the slide
valve, the pressure at the periphery of the second vortex
chamber will decrease, the élide valve will open and the
clogging be let thruogh the controlling device.

According to a further embodiment of the invention,
in which the second vortex chamber is essentially circular
and disc-shaped and positioned in such a way that the disc-
shape is horizontal, a circular disc is provided on the
innerside of the upper side wall of the second vortex
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chamber, which disc with a small interspace follows said
side wall and at its centre is suspended for horizontal
rotation and by means of a spring activated upwards to brake
against said rotation. Thereby it is achieved that above the
disc an air space is enclosed, when the second vortex
chamber is full, and that the pressure in this airspace is
increased, when the pressure in the liquid at the
perifiphery of the vortex chamber is increased, the disc
being forced downwards against the spring in such a way,
that the disc is allowed to rotate when the controlling
device is heavily loaded, which reduced the resistance
against rotation of the liquid in the second vortex chamber,
the braking effect of this chamber on the flow of ligquid
being improved at increased pressure.

The invention will be described in detail in the
following by means of embodiments with reference to the
accompanying drawing, in which:

Fig. 1 shows a flow controlling device according to
the invention comprising a first vortex chamber,

fig. 2 a sectional view along the line II-II of fig.
1,

fig. 3 a second embodiment, which as the embodiment
according to figs. 1 and 2 comprises a first vortex chamber,

fig. 4 a sectional view along the line IV-IV of fig.
3,

fig. 5 a third embodiment of a f£low controlling

‘device according to the invention comprising a first vortex

chamber and a conical, second vortex chamber seen from the
inlet end,

fig. 6 the flow controlling device according to fig.
5 seen from above,

fig. 7 a fourth embodiment of a flow controlling
device seen from the side,

fig. 8. a horizontal, sectional view of the flow
controlling device according to fig. 7 seen from above,

fig. 9 a sectional view along the line IX-IX
according to fig. 8,

fig. 10 a vertical, sectional view of another
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embodiment of the flow controlling device seen from the
side,

fig. 11 a further flow controlling device according
to the invention seen from the front in relation to the
inlet opening,

fig. 12 a sectional view along the line XII-XII
according to fig. 11, and

fig. 13 a horizontal, sectional view of another
embodiment of the invention seen from above.

The first embodiment of the invention shown in figs.
1l and 2 cémprises a single first vortex chamber 1 with an
inlet 2 and an outlet 3. As will be seen in the drawing the
flow path from the inlet 2 to the outlet 3 is S-shaped, said
path being essentially followed by a liquid with small
currents. In case of bigger currents a vortex with an axis A
will, however, be formed behind an edge 4 at the inlet 2.
This vortex will increase with increasing flow and thereby
create an increasing resistance towards said flow, as the
flow of liquid entering in order to pass the vortex have to
be contracted against a side wall 5 and at the same time
accelerated, energy being thus consumed. The contracted jet
of liquid then follows the wall 5 through the curvature 6,
after which it is deflected by the other side wall 7 towards
the outlet 3, a considerable backwards pressure being
created at the outer side of the jet of liquid. These
factors increase the resistance in the flow controlling
device. As will be seen from the drawing the inlet and the
outlet are positioned in the same direction but are
displaced in relation to one another. This displacement
results in the embodiment shown in a difference of height
between the inlet and the outlet. This difference of height
may be changed by turning the flow controlling device around
the axis of the inlet. Thereby the characteristic of the
flow controlling device is changed. This characteristic may
be further adjusted, if the side wall 5 at the outlet 3
comprises a wedge 8, which can be displaced upwards and
downwards as seen in fig. 2 in order to adjust the size of

the outlet opening.
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The flow controlling device according to figs. 1 and
2 has a circular inlet 2 and is, as indicated in fig. 2,
adapted to be connected with a pipe 9. In figs. 3 and 4
another embodiment of the flow controlling device is shown,
said embodiment comprising a single first vortex chamber 1
and being essentially similar to the embodiment shown in
figs. 1 and 2. This second embodiment is, however, adapted
at its inlet 2 to be connected with a well as indicated in
fig. 4. The inlet is in this case provided with an edge 10
extending into the well. As shown in fig. 4 the flow
controlling device will drain off water from the well, if
the liquid level raises above the level of the edge 4. In
case of a considerable increase in the level of the liquid
in the well up over the edge 10, a considerable contraction
of the inlet jet will result as indicated in the figure,
because liquid will flow from all sides and in particular
from below, where there is no protrusion towards the flow
path, which makes the flow controlling device more
effective.

The third embodiment shown in figs. 5 and 6 of the
flow controlling device comprises a first vortex chamber 101
of disc-shape and a second vortex chamber 110 with the shape
of a right cone. The first vortex chamber 101 has an inlet
102 and an outlet 103, which is connected to the inlet of
the second vortex chamber 110. This vortex chamber has an
outlet 111 at the vertex of the cone. In the first vortex
chamber 101 a side wall 105 and an edge 104 is provided in
the vortex chamber at the side of the inlet 102, which is
opposite to the side wall 105.

Like in the preceding embodiments a small flow of
liquid will flow essentially straight and unimpededly
through the flow controlling device in an S-shaped path from
the inlet 102 to the outlet 111. By increasing flow of
liquid a vortex will form around an axis A in the first
vortex chamber behind the edge 104. This vortex will force
the inlet jet of liquid against the side wall 105, this jet
being then contracted and accelerated like in the first
embodiment. From the vortex chamber 101 the flow of liquid
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is exposed to an opposite turning in relation to the
deflection after the inlet 102 and is then straightened out
through the outlet 103, a further contraction and
acceleration of the flow of liquid resulting. The result of
the acceleration and the contraction and of the flow of
liquid being conducted around along the side wall 105 is
that the jet of liquid, flowing through the outlet 103 from
the first vortex chamber and into the second vortex chamber,
will flow at great velocity with an essentially tangential
component in relation to the second vortex chamber. This
creates a vortex in the second vortex chamber, which will
then function in the same way as if it had a proper
tangential inlet like the ones commonly used.

The fourth embodiment of the flow controlling device
shown in figs. 7-9 has, like in the third embodiment, a
disc-shaped first vortex chamber 201 with an inlet 202 and
an outlet 203. The succeeding, second vortex chamber 210 is
in this case circular and disc-shaped with an outlet 211 at
the centre of the disc-shape. Like in the preceding
embodiment a vortex will arise around an axis A behind an
edge 204 in the inlet of the first vortex chamber 201, said
vortex forcing a big, in-flowing amount of liquid to flow
around in the vortex chamber 210, from where a contracted,
strongly accelerated flow of liquid moves tangentially into
the second vortex chamber 210, whereby a strong vortex is
created in this chamber. This results in big centrifugal
forces in the second vortex chamber 210, which brake the
flow of liquid.

This embodiment further comprises, as will be seen in
figs. 7 and 8, a throttling in the shape of an automatic
mechanism for controlling the size of the opening of the
outlet 203 of the first vortex chamber, i.e. the inlet to
the second vortex chamber 210. The mechanism comprises a
displaceable plate 212, which in the plane of fig. 7 is
displaceable in its longitudinal direction. This plate 212
is connected with rod 213, which is in turn connected with a
resilient membrane 214. Between the two vortex chambers 201
and 210 two chambers 215 and 216, respectively, are
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provided. These two chambers are divided by means of a rigid
wall 217, in which the membrane 214 is inserted in an
opening. The chamber 215 is flow-connected with the
surroundings in such a way that in this chamber there will
be atmospheric pressure, while the chamber 216 is flow-
connected to the second vortex chamber 210 at its periphery
at a place marked 218. There will thus in the chamber 216 be
the same pressure as at the periphery of the second vortex
chamber 210, i.e. at the place in the vortex chamber, where
the pressure is highest. The rod 213 and consequently the
plate 212 is by means of a spring 219, which rests against a
supporting wall 220, activated in order to open the outlet
203. In fig. 9, and with full-drawn line in fig. 8, the
inlet 203 is shown fully opened with the plate 212, the rod
213 and the membrane 214 in corresponding positions. In case
of a big flow of liquid and a high pressure in the inlet
202, a big pressure at the periphery of the second vortex
chamber 210 will arise and subsequently a considerable
braking effect will be attained. The big pressure at the
periphery of the second vortex chamber will in the chamber
216 influence the membrane 214, whereby the membrane, the
rod 213 and the plate 212 will be pressed forwards against
the force of the spring 219. Thereby the opening of the
outlet 203 will become smaller, which results in an
increased braking effect of the controlling device as a
whole. In fig. 18 the plate 212 and the membrane 214 are
shown with dot-and-dash line in their most protruding
position, i.e. the opening of the outlet 203 is minimal.

The problem with such throttlings is usually that
they clog easily on account of solid or viscous impurities
in the flow of liquid. However, such a clogging will cause a
decrease of the pressure at the periphery of the second
vortex chamber 210, while the chamber is being emptied. This
results in a decrease of the force, with which the plate 212
is advanced, for which reason the spring 219 will draw the
plate back and let impurities pass. The pressure at the
periphery of the second vortex chamber 210 will then
increase again and the plate 212 will be advanced once more.
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In fig. 10 an embodiment with a circular disc 312 is
shown, said disc following with a small interspace the inner
surface of the second vortex chamber. The disc 312 is at its
centre suspended in a bearing 313, through which the disc
may be influenced in an upwards direction by means of a
spring. Furthermore, a friction disc 314, which brakes the
disc 312, is placed at the centre of the disc 312 between
the disc and the inner surface of the second vortex chamber.
When the second vortex chamber 310 during operation gets
filled up, the liquid in the chamber will close the slot
between the disc 312 and the inner surface of the vortex
chamber 310 at the periphery of the disc 312, a closed air
pocket being created at the upper surface of the disc 312.
The pressure in this air pocket will then be the same as the
pressure in the liquid at the periphery of the disc 312.
When the pressure at the inlet 304 to the first vortex
chamber 301 is increased, the vortex in this chamber gets
bigger, the jet of the in-flowing liguid is contracted and
accelerated to a higher degree before running tangentially
into the second vortex chamber 310, which increases the
rotation of the liquid in this vortex chamber. This causes
an increase of the pressure at the periphery of the second
vortex chamber 310 on account of the centrifugal forces, the
pressure below the disc 312 at its centre decreasing
simultaneously to the pressure at the outlet 311. This
brings about a pressure difference at the centre of the disc
312, which pressure difference forces the disc 312 downwards
against the force of the spring in the bearing 313. Thereby
the disc 312 is released from the friction disc, and the
disc 312 can now follow, instead of braking, the rotation of
the liquid in the second vortex chamber 310. Thereby the
braking effect of the flow controlling device is improved at
heavy loads.

While the embodiment shown in figs. 5 and 6 is suited
for being built in either at the inlet or the outlet of a
pipe system, and the embodiments shown in figs. 7-10 are
adapted for being mounted at the outlet of a pipe mouthing
in a well, the embodiment shown in figs. 11 and 12 is like
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the embodiment shown in figs. 3 and 4 adapted for being
mounted in the drain from a structure, the former possibly
connected to a pipe system.

The embodiment shown in figs. 11 and 12 thus
comprises an essentially circular, disc-shaped, first vortex
chamber 401 with a tangential inlet 402 and an disc-shaped
second vortex chamber 410 with a central outlet 411. In the
first vortex chamber 401 inner, peripheral wall parts
405,406 are positioned on a circular plate 407, which can be
turned by means of a handle -408. Thereby the inner
peripherai walls 405,406 can be displaced, and the openings
of the inlet 402 and the outlet 403 of the first vortex
chamber 401 can be regulated. Due to the fact that this flow
controlling device normally has its outlet 411 above the
level of the inlet 402, it will be immersed and consequently
extend into the liquid to be. conveyed and perhaps braked by
means of the controlling device. This immersed state
results, as explained in connection with fig. 4, in a
conctraction of the in-flowing liquid in the inlet 402, the
effect of the controlling device being enhanced.

In the embodiment shown in fig. 13 two first vortex
chambers 50la and 501b are placed one after the other. A
protrusion 504 in the inlet of the first of these two
chambers 50la gives a flow pattern as shown with arrows in
fig. 15, with a vortex around an axis A in the vortex
chamber 50la and a vortex around an axis B in the vortex
chamber 501b.

By this embodiment a flow controlling device is
obtained, in which a small flow will flow unimpededly from
the inlet 502 to the outlet 511 of a second vortex chamber
510. Due to the protrusion 504 a vortex will in case of
stronger currents arise with the axis A in one 501a of the
two first vortex chambers, whereby in the outlet 503 from
the first vortex chambers a sufficiently contracted and
accelerated jet will form with a sufficiently big component
in the tangential direction of the second vortex chamber 510
for attaining the desired braking effect in this second
vortex chamber.
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CLAIMS

1. A flow controlling device for a discharge system,
such as a drainage system, comprising a vortex chamber (1,
101, 201, 301, 401, 501) with an inlet (2, 102, 202, 302,
402, 502) and an outlet (3, 103, 203, 303, 403, 503),
characterized in that the vortex chamber (1,
101, 201, 301, 401, 501) is essentially symmetrical with
respect to a median plane perpendicular to the vortex axis
(a), that the direction of both the inlet (1, 101, 201, 301,
401, 501) and the outlet (3, 103, 203, 303, 403, 503) is
parallel with this plane and that the vortex chamber with
inlet and outlet is asymmetric with respect to a plane
parallel with the inlet direction and perpendicular to said
median plane.

2. A flow controlling device according to claim 1,
characterized in that a second, bigger vortex
chamber (110, 210, 310, 410, 510) with a peripheral inlet
and a central outlet, axial in relation to a vortex in this
chamber, at its inlet is connected to the outlet (103, 203,
303, 403, 503) of the first vortex chamber (101, 201, 301,
401, 501b), and that the vortex axis (A) of the first vortex
chamber (101, 201, 301, 401, 501) is essentially
perpendicular to the tangent of the second vortex chamber
(110, 210, 310, 410, 510) at the inlet. '

3. A flow controlling device according to claim 2,
characterized in that the first vortex chamber
(101, 201, 401) is an essentially disc-shaped hollow space,
and that the inlet (102, 202, 402) of this vortex chamber is
essentially tangential.

4. A flow controlling device according to claim 3,
characterized in that the disc-shaped first
vortex chamber (401) has an inner (405, 406) and an outer
peripheral wal, and that the inner peripheral wall (4053,
406) is adapted to be displaced i such a way along the outer
peripheral wall that the size of the opening of the inlet
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(402) and/or the outlet (403) is changed.

5. A flow controlling device according to claim 2,
characterized in that the first vortex chamber
(501a) is essentially disc-shaped, that its inlet (502) and
its outlet (503) are positioned essentially on a common
axis, and that in the inlet at one side of a plane through
the inlet and the outlet and perpendicular to the plane of
the disc a protrusion (504) is provided.

6. A flow controlling device according to claim 5,
characterized in that several, first vortex
chambers (50la, 501b) are mounted in series with parallel
vortex axes (A, B).

7. A flow controlling device according to claims 1-6,
characterized in that the inlet of the first
vortex chamber (1, 401) comprises a connecting piece adapted
to extend into a hollow space, from which liquid during
operation flows into the flow controlling device.

8. A flow controlling device according to claims 2-7,
characterized in that in the flow path between
the first (201) and the second vortex chamber (210) a slide
valve (212) is provided, said slide valve being activated by
a spring (219) towards an open position and towards a closed
position by a member (213), which is in turn activated by a
displaceable wall (214) in a chamber (216), which is flow-
connected with the second vortex chamber (210) close to its
periphery.

9. A flow controlling device according to claims 2-8, in
which the second vortex chamber (310) is essentially
circular and disc-shaped and positioned in such a way that
the disc-shape is horizontal, characterized in
that on the innerside of the upper side wall of the second
vortex chamber (310) a circular disc (312) is provided,
which disc with a small interspace follows said side wall
and at its centre is suspended for horizontal rotation and
by means of a spring (313) activated upwards to brake (314)
against said rotation.
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