wo 2012/155913 A1 [N 0000 0O O A O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2012/155913 Al

(51

eay)

22 November 2012 (22.11.2012) WIPO | PCT
International Patent Classification:
F24F 7/06 (2006.01)
International Application Number:
PCT/DK2012/050161

(22)

(25)
(26)
(30)

1

(72)
(73)

74

31

International Filing Date:
11 May 2012 (11.05.2012)

Filing Language: English
Publication Language: English
Priority Data:

PA 2011 70236 13 May 2011 (13.05.2011) DK

Applicant (for all designated States except US): IN-
VENTILATE HOLDING APS [DK/DK]; Birk Center-
park 40, Birk, DK-7400 Herning (DK).

Inventor; and
Inventor/Applicant (for US only): JENSEN, John Berst-
ing; Sarpsborgvej 12, DK-7600 Struer (DK).

Agent: PATENTGRUPPEN A/S; Aaboulevarden 31, 4th
floor, DK-8000 Aarhus C (DK).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

of inventorship (Rule 4.17(iv))

Published:

with international search report (Art. 21(3))

(54) Title: VENTILATION SYSTEM WITH A ROTATABLE AIR FLOW GENERATOR AND ONE OR MORE MOVEABLE
REGISTERS AND METHOD FOR OBTAINING VENTILATION THROUGH THE VENTILATION SYSTEM

Fig. 2

(57) Abstract: A ventilation system (1) for air ventilation is disclosed, comprising a continuous duct (5) having openings at both
ends, an air flow generator (2) arranged inside the duct to be rotatable around an axis of rotation so that, positioned in ditferent rota -
tional positions, the air flow generator is capable of producing a substantially axial air flow in each of the two directions through the
duct, respectively, one or more registers arranged to be moveable between different positions, in at least one of which positions the
one or more registers (6) leave the duct (5) open for air passage, whereas in another of the positions the one or more registers (6)
substantially block the air passage through the duct (5), means for rotating the air flow generator (2), and means for moving the one
or more registers. Furthermore, methods for controlled active and passive ventilation, respectively, through the duct of such a ventil -
ation system (1) are disclosed.



WO 2012/155913 PCT/DK2012/050161

10

15

20

25

30

VENTILATION SYSTEM WITH A ROTATABLE AIR FLOW GENERATOR AND ONE OR MORE
MOVEABLE REGISTERS AND METHOD FOR OBTAINING VENTILATION THROUGH THE
VENTILATION SYSTEM

Field of the invention

The present invention relates to a ventilation system for air ventilation.

Background of the invention

Some ventilation systems, such as heat recovery systems in which heat energy is
extracted from an air flow leaving an enclosure, such as a building, stored and added
to another air flow entering the enclosure at a later point of time, require that

appropriate air flows can be generated in two opposite directions.

The typical solution to this problem is to provide the ventilation system with two or
more air flow generators, which are oppositely oriented so that one or more air flow
generators are used for generating air flows in one direction and one or more other

air flow generators are used for generating air flows in the opposite direction.

Some solutions trying to save space and reduce costs include the use of a system of
registers, which can be placed in different positions for directing the air flow through
the ventilation system in one direction or the other while still passing through or by
the air flow generator in the same direction. However, such register systems may be
rather complicated and they are often not very stable and reliable as seen from a

mechanically point of view.

Other solutions include the use of air flow generators which are able to generate air
flows in two opposite directions, although not at the same time. However, such air
flow generators typically have a primary and a secondary air flow direction, and the
energy consumption for generating an air flow in the secondary direction may be

twice as high as the energy consumption for generating a similar air flow in the
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primary direction. If the air flow generator is constructed to be “symmetric”, when it
comes to generating air flows in the two directions, the efficiency of the air flow

generator is typically rather poor in both directions.

Another problem of heat recovery systems known in the art is that the wind may
force air inwards through the system, thus creating an air flow through the system,
even in the opposite direction of the working direction of a weak air flow generator,
if the pressure exerted by the wind exceeds the maximum possible working pressure

of the air flow generator.

For this reason, some systems are provided with an inside register, which may be
closed manually by a person, if the nuisances from the draught through the system
become too severe.

It is an object of the present invention to provide a ventilation system, which

overcomes the above-mentioned disadvantages of the systems known in the art.

Brief description of the invention

The present invention relates to a ventilation system for air ventilation comprising a
continuous duct having openings at both ends, an air flow generator arranged inside
the duct to be rotatable around an axis of rotation so that, positioned in different
rotational positions, the air flow generator is capable of producing a substantially
axial air flow in each of the two directions through the duct, respectively, one or
more registers arranged to be moveable between different positions, in at least one of
which positions the one or more registers leave the duct open for air passage,
whereas in another of the positions the one or more registers substantially block the
air passage through the duct, means for rotating the air flow generator, and means for

moving the one or more registers.

Such a configuration allows for a very compact and at the same time very flexible

ventilation system.
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It should be emphasised that by the term “air flow generator” is to be understood any
kind of component or device capable of actively generating an air flow such as an

axial fan, radial fan, diagonal fan, tangential blower, displacement pump or other.

In an embodiment of the invention, the one or more registers further can be moved

into positions, in which the air passage through the duct is partly blocked.

The possibility for moving the registers to positions, in which the air passage is

partly blocked allows for controlled passive ventilation as described further below.

In an embodiment of the invention, the axis of rotation of the air flow generator is

substantially perpendicular to a longitudinal axis of the duct.

For production and space-saving purposes, the axis of rotation is advantageously

chosen to be perpendicular to the longitudinal axis of the duct.

In an embodiment of the invention, the ventilation system further comprises means
for simultaneously rotating the air flow generator and moving the one or more

registers.

In a further embodiment of the invention, the rotational position of the air flow
generator and the positions of the one or more registers are connected in a one-to-one
relationship so that, when the air flow generator is in any given rotational position,
the one or more registers are in positions associated with that specific rotational

position of the air flow generator.

Rotating the air flow generator and moving the one or more registers simultaneously
and, especially, making sure that when the air flow generator is in a given rotational
position, the one or more registers are always in the same positions, allows for a safer

and more reproducible control of the ventilation system.
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In an embodiment of the invention, when the air flow generator is in a rotational
position, in which it produces a substantially axial air flow through the duct, the one

or more registers are in positions leaving the air passage substantially fully open.

It should be emphasised that by the term “substantially fully open” is to be
understood that the smallest cross-sectional area of the air passage is close to its
maximum possible value, such as for instance more than 80 % thereof, preferably

more than 95 % thereof.

In an embodiment of the invention, when the air flow generator is in a rotational
position perpendicular to the ones, in which it produces a substantially axial air flow
through the duct, the one or more registers are in positions, in which the air passage

through the duct is substantially blocked.

Combining the rotational position of the air flow generator and the positions of the
one or more registers as described above assures that the maximum possible air flow

as well as no air flow at all through the continuous duct can be obtained.

In an embodiment of the invention, the positioning of the one or more registers is

stepless.

Stepless positioning of the one or more registers allows for controlled stepless

passive ventilation as described further below.

In an embodiment of the invention, the one or more registers comprise one or more
barrier plates, which are physically connected to the air flow generator so that they

perform a rotational motion when the air flow generator is rotated.

Such a configuration ensures a mechanically simple and reliable embodiment of the

ventilation system.
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In an embodiment of the invention, the ventilation system further comprises a heat

storage.

By incorporating a heat storage in the ventilation system, it is obtained that the

ventilation system can be used for heat regeneration.

In an embodiment of the invention, the ventilation system further comprises means

for controlling the power output of a motor driving the air flow generator.

Being able to control the power output of a motor driving the air flow generator

allows for controlled active ventilation as described further below.

In an aspect of the invention, it relates to a method for obtaining controlled active
ventilation through the duct of a ventilation system as described above, said method

comprising the steps of:

- positioning the air flow generator in a rotational position, in which it produces
a substantially axial air flow through the duct, and the one or more registers in
positions, in which the air passage through the duct is left substantially fully
open, and

- controlling the output of the motor driving the air flow generator so as to obtain

the desired ventilation effect.

In this way, controlled active ventilation can be obtained in the sense that the air flow
generator is running (i.e. active), while the ventilation takes place, the air flow

through the duct being produced by the air flow generator.

In another aspect of the invention, it relates to a method for obtaining controlled
passive ventilation through the duct of a ventilation system as described above, said

method comprising the steps of:
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- switching off the air flow generator,
- controlling the positions of the one or more registers, thereby controlling the
opening of the air passage through the duct, so as to obtain the desired

ventilation effect.

In this way, controlled passive ventilation can be obtained in the sense that the air
flow generator is switched off (i.e. passive), while the ventilation takes place, the
natural air flow through the duct being controlled by the positions of the one or more

registers.

Figures

A few exemplary embodiments of the invention will be described in the following

with reference to the figures, of which

Figs. 1a-1d schematically illustrate four different rotational positions of an air flow
generator of a ventilation system according to an embodiment of the

invention,

Fig. 2 schematically illustrates a ventilation system comprising a heat storage

according to an embodiment of the invention, and

Fig. 3 illustrates a perspective view of essential parts of a ventilation system

according to an embodiment of the invention.
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Detailed description of the invention

Figs. 1a-1d schematically illustrate four different rotational positions of an air flow

generator 2 of a ventilation system 1 according to an embodiment of the invention.

The air flow generator 2 is arranged in an aperture extending radially through a
rotatable cylinder 3, which is mounted in a mounting frame 4 arranged inside a
continuous duct 5 (not shown in Figs. 1a-1d). Two registers 6 are fixedly connected
to the air flow generator 2 so that the registers 6 move tangentially when the cylinder
3 and thereby also the air flow generator 2 is rotated about the longitudinal axis of

the cylinder 3.

The small arrow in the air flow generator 2 indicates the direction of the air flow
generated by the air flow generator 2 when it is active, i.e. when it is running and

generating an air flow.

In a first rotational position of the air flow generator 2 as illustrated in Fig. 1a, the air
flow generator 2 is positioned to generate a substantially axial air flow through the
duct 5 (not shown). The registers 6 are positioned to leave the air passage through the

duct 5 substantially fully open.

This first rotational position of the air flow generator 2 is suitable for obtaining
controlled active ventilation through the duct 5 by controlling the output of the motor
(not shown) driving the air flow generator 2, thereby controlling the air flow

generated by the air flow generator 2, so as to obtain the desired ventilation effect.

In a second rotational position of the air flow generator 2 as illustrated in Fig. 1b, the
air flow generator 2 has been rotated 90° to be in a position perpendicular to the one
in Fig. la. The registers 6 have been moved accordingly and are now positioned to

block completely the air passage through the duct 5.



WO 2012/155913 PCT/DK2012/050161

10

15

20

25

30

Fig. 1c illustrates how a further rotation of the air flow generator 2 by another 90°
brings the ventilation system 1 in a mode very similar to the one illustrated in Fig. 1a
with the only exception that an air flow generated by the air flow generator 2 will run

in the opposite direction.

Thus, the third rotational position of the air flow generator 2 as illustrated in Fig. 1c
is also suitable for obtaining controlled active ventilation through the duct 5 like

described above.

In Fig. 1d, the air flow generator 2 is in a fourth rotational position, which is
somewhere between the first and the second rotational positions as described above.

In this case, the registers 6 are partly blocking the air passage through the duct 5.

In such intermediate rotational positions of the air flow generator 2, in which the air
passage through the duct 5 is partly blocked, the ventilation system 1 may be used
for controlled passive ventilation through the duct 5 by switching off the air flow
generator 2 and controlling the positions of the registers 6 by rotating the air flow
generator 2, thereby controlling the opening of the air passage through the duct 5, so

as to obtain the desired ventilation effect.

Fig. 2 schematically illustrates a ventilation system 1 like the one in Figs. la-1d,

further comprising a heat storage 7.

In this figure, it is illustrated how the mounting frame 4 with the rotatable cylinder 3
and the air flow generator 2 is arranged within a continuous duct 5, and how a heat
storage 7, which may for instance consist of a number of parallel metal plates

between which the air flow must pass, is arranged within the same duct 5.

In this configuration, the ventilation system 1 may be used for heat recovery by first
controlling a flow of warm air (by active or passive ventilation as described above)

in one direction through the duct 5, during which heat energy from the air flow will
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be extracted by and stored in the heat storage 7 as the air flow passes through it, and
then later controlling a flow of colder air in the opposite direction, during which at
least some of the heat energy stored in the heat storage 7 will be absorbed by the

colder air passing through the heat storage 7.

Fig. 3 illustrates a perspective view of some of the essential parts of a ventilation
system 1 according to an embodiment of the invention. It is seen how the air flow
generators 2 in the form of rotating fans are arranged in apertures extending radially
through rotatable cylinders 3, and how the registers 6 are formed by the parts of the

cylinders 3 surrounding these apertures.

Fig. 3 also illustrates how a number of air flow generators 2 may be combined to be
rotated together by arranging the mounting frames 4 in a way so that the rotatable

cylinders 3 are connected to each other along a common axis of rotation.

The invention has been exemplified above with reference to specific embodiments of
ventilations systems 1, air flow generators 2 and other components. However, it
should be understood that the invention is not limited to the particular examples
described above but may be designed and altered in a multitude of varieties within

the scope of the invention as specified in the claims.
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Claims:

1.

A ventilation system (1) for air ventilation comprising

a continuous duct (5) having openings at both ends,

an air flow generator (2) arranged inside the duct to be rotatable around an axis
of rotation so that, positioned in different rotational positions, the air flow
generator is capable of producing a substantially axial air flow in each of the

two directions through the duct, respectively,

one or more registers (6) arranged to be moveable between different positions,
in at least one of which positions the one or more registers leave the duct open
for air passage, whereas in another of the positions the one or more registers

substantially block the air passage through the duct,

means for rotating the air flow generator, and

means for moving the one or more registers.

A ventilation system according to claim 1, wherein the one or more registers
further can be moved into positions, in which the air passage through the duct

is partly blocked.

A ventilation system according to claim 1 or claim 2, wherein the axis of
rotation of the air flow generator is substantially perpendicular to a longitudinal

axis of the duct.

A ventilation system according to any of the preceding claims, further
comprising means for simultaneously rotating the air flow generator and

moving the one or more registers.
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A ventilation system according to claim 4, wherein the rotational position of
the air flow generator and the positions of the one or more registers are
connected in a one-to-one relationship so that, when the air flow generator is in
any given rotational position, the one or more registers are in positions

associated with that specific rotational position of the air flow generator.

A ventilation system according to claim 5, wherein, when the air flow
generator is in a rotational position, in which it produces a substantially axial
air flow through the duct, the one or more registers are in positions leaving the

air passage substantially fully open.

A ventilation system according to claim 5 or 6, wherein, when the air flow
generator is in a rotational position perpendicular to the ones, in which it
produces a substantially axial air flow through the duct, the one or more
registers are in positions, in which the air passage through the duct is

substantially blocked.

A ventilation system according to any of the preceding claims, in which the

positioning of the one or more registers is stepless.

A ventilation system according to any of claims 5-8, wherein the one or more
registers comprise one or more barrier plates, which are physically connected
to the air flow generator so that they perform a rotational motion when the air

flow generator is rotated.

A ventilation system according to any of the preceding claims further

comprising a heat storage (7).
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11. A ventilation system according to any of the preceding claims further
comprising means for controlling the power output of a motor driving the air

flow generator.

5 12. A method for obtaining controlled active ventilation through the duct of a

ventilation system according to claim 11, said method comprising the steps of

- positioning the air flow generator in a rotational position, in which it

produces a substantially axial air flow through the duct, and the one or

10 more registers in positions, in which the air passage through the duct is left
substantially fully open, and

- controlling the output of the motor driving the air flow generator so as to

obtain the desired ventilation effect.

15 13. A method for obtaining controlled passive ventilation through the duct of a
ventilation system according to any of claims 1-11, said method comprising the

steps of’

- switching off the air flow generator,
20 - controlling the positions of the one or more registers, thereby controlling
the opening of the air passage through the duct, so as to obtain the desired

ventilation effect.
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