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(54) AN AIR FLOW REGULATOR

(57) An air flow regulator (1, 1’, 1"), comprising: a
body (10, 10’) forming aduct for conducting air flow, anair
flow regulating mechanism located inside the body (10,
10’), andanoperatingmodule (22) coupled to anactuator
(21) mounted outside the body (10, 10’) for adjusting the
air flow regulating mechanism. The air flow regulator (1,

1’, 1") further comprises a perovskite cells module (41)
connected to the operating module (22) to charge a
battery (32) that powers the actuator (21), and the oper-
atingmodule (22) comprisesacontrol signal receiver (34)
configured to receive a control signal from a remote
controller (51).
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Description

TECHNICAL FIELD

[0001] The present invention relates to the field of
heating, ventilation, air conditioning (HVAC). In particu-
lar, it refers to an air flow regulator for use as a part of
ventilation systems.

BACKGROUND

[0002] There are two main types of air flow regulators:
constant air volume (CAV) regulators and variable air
volume (VAV) regulators.
[0003] CAV regulators are used to provide constant air
flow in ventilation installations, regardlessof thepressure
change in theair supply or extract duct. Theair flow rate is
controlled by adjusting the angular position of a blade
within a duct. Thereby, desired air parameters can be
controlled in the room supplied with air via a ventilation
ductwith the regulator, suchas temperature, air quality or
CO2 level. The blade position may be adjusted manually
or automatically.
[0004] VAV regulators are used to vary the air flow in a
given part of the ventilation system, in order tomaintain a
specificparameter in the roomatacertain level, suchasa
constant CO2 level, room or duct pressure or tempera-
ture.
[0005] US7168627B2 discloses an electronically-con-
trolled register vent (ECRV) for providing zoned heating
and cooling, comprising: a controller; a mechanical ac-
tuator provided to said controller; a wireless communica-
tion system provided to said controller; a temperature
sensor provided to said controller, said temperature sen-
sor configured to measure a temperature of air inside a
duct; and a power source provided to said controller, said
controller configured to control said actuator in response
to a wireless communication received from a zone ther-
mostat, said controller further configured to open said
register vent when power available from said power
source drops below a threshold value.
[0006] EP2370748 discloses a system for controlling
an HVAC system of a type having a plurality of HVAC
vents, each HVAC vent disposed in a corresponding
location in a building, the system comprising a corre-
sponding plurality of intelligent controlled registers, each
intelligent controlled register associated with a distinct
one of the HVAC vents, each one of the intelligent con-
trolled registers being in communication with at least one
other of the plurality of intelligent controlled registers and
executing an autonomous local control program, such
program processing data provided by each of the other
intelligent controlled registers, so as to collectively con-
trol the plurality of HVAC vents on a peer-to-peer basis.

SUMMARY OF THE INVENTION

[0007] There is a need to provide an alternative solu-

tion for air flow regulators which will not require wiring
infrastructure to mount the air flow regulators, in parti-
cular with places of limited amount of daylight.
[0008] The invention relates to an air flow regulator,
comprising: a body forming a duct for conducting air flow,
anair flow regulatingmechanism located inside thebody,
andanoperatingmodule coupled toanactuatormounted
outside the body for adjusting the air flow regulating
mechanism. The air flow regulator further comprises a
perovskite cellsmodule connected to the operatingmod-
ule to charge a battery that powers the actuator, and the
operating module comprises a control signal receiver
configured to receive a control signal from a remote
controller.
[0009] The use of a perovskite cells module for char-
ging the battery of the operating module eliminates the
need to supply the air flow regulator with power from the
mains power supply. This facilitates installation of the air
flow regulator in hard-to-reach locations and reduces its
operating costs. The operation of the air flow regulator is
controlled wirelessly by a control signal received from a
remote controller 51, thereby the air flow regulator may
be installed in a convenient location without the need to
guide any wires to it. Use of the perovskite cells allows
achieving high efficiency, because the perovskite cells
are capable of generating power in both sunlight and
artificial light conditions, therefore they may be installed
even in closed rooms with limited sunlight or even no
sunlight at all. Furthermore, the perovskite cells may
effectively receive light from a wide range of angles of
incidence of light on the cell, in contrast to silicon cells
which effectively receive mainly light incident perpendi-
cularly to the surface of the silicon cell.
[0010] The perovskite cells module can be flexible. By
using flexible perovskite cells, it is possible to adapt the
shape of the perovskite cells module to the shape of the
body of the air flow regulator. In particular, the perovskite
cellsmaybeappliedasa coating, for examplebyprinting,
whichallowsapplicationof theperovskite cells onvarious
body shapes.
[0011] The perovskite cells module can be arranged
adjacent to the outer surface of the body. Thus, the
regulator together with the perovskite cells module oc-
cupy as little space as possible.
[0012] The body may have the form of a cylinder. This
form is particularly preferable for integration into installa-
tions having channels of a circular cross-section.
[0013] The body may have the form of a cuboid. This
form is particularly preferable for integration into installa-
tions having channels of a rectangular cross-section.
[0014] The regulator may further comprise an insulat-
ing layer between the outer surface of the body and the
perovskite cellsmodule.The insulating layermayprovide
acoustic insulation, in order to dampen the noise caused
by the air flowing through the regulator. The use of
insulation increases the outer surface area of the body,
which allows the use of larger perovskite panels adjacent
to the body of the air flow regulator.
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[0015] The perovskite cells module can be mounted
away from the regulator. This allows mounting the per-
ovskite cells module in a location where more light is
present andwhere it is possible tousea largerelementas
compared with a perovskite cells module integrated with
the body.
[0016] The regulator may further comprise an addi-
tional perovskite cells module mounted away from the
regulator. This allows providing additional energy to
power the regulator.
[0017] The operating module can be configured to
receive a control signal from a remote controller with a
transmitter coupled to at least one sensor. The sensor
measurements may be performed at the most optimal
location for performing the particular type of measure-
ment, rather than at the location where the controller is
installed.
[0018] The at least one sensor can be an air pressure
sensor, an air temperature sensor, an air composition
sensor, a CO2 level sensor, a light intensity sensor, a
motion sensor or a human presence sensor.
[0019] The regulator may have a form of a CAV-type
controller, comprising a blade with a shelf and bellows
pivotably mounted inside the body on a blade axis, a
settingmechanismcoupled to thebladeaxis for adjusting
the blade axis, wherein the operating module is config-
ured to control the setting mechanism by the actuator.
[0020] The invention also relates to a system for reg-
ulating air flow, comprising a controller with a transmitter
and the air flow regulator as described herein.
[0021] The controller with the transmitter can be
coupled to at least two air flow regulators as described
herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Theobject of the invention is shownbymeansof
example embodiments in a drawing, wherein:

Fig. 1A shows a first embodiment of the air flow
regulator as viewed from a side opposite the air flow
direction;
Fig. 1B shows the first embodiment as viewed froma
side of the air flow direction, with the blade in the
closed position;
Fig. 1C shows components of an operating module
of the first embodiment;
Fig. 2 shows a second embodiment of the air flow
regulator;
Fig. 3 shows a third embodiment of the air flow
regulator, mounted in a room above a suspended
ceiling;
Fig. 4 shows a controller with a transmitter.

DETAILED DESCRIPTION

[0023] The following detailed description is of the best
currently contemplated modes of carrying out the inven-

tion. The description is not to be taken in a limiting sense
but is made merely for the purpose of illustrating the
general principles of the invention.
[0024] An air flow regulator 1 according to a first em-
bodiment of the invention, shown in Figs. 1A - 1C, has a
body 10 forming a channel conducting air flow. This
embodiment refers to a CAV-type regulator.
[0025] The body 10 houses an air flow regulating me-
chanism, of a known type.Outside thebody 10 there is an
operating module 22 coupled to an actuator 21 for ad-
justing the air flow regulating mechanism. The operating
module 22 and the actuator 21 are powered by energy
generated by a perovskite cells module 41, also located
outside the body 10. The operating module 22 works
according to a control signal received wirelessly from a
remote controller 51.
[0026] In this embodiment, the air flow regulating me-
chanism comprises a blade 11 mounted on an axle 12, a
rigidly fixed shelf 13 anda bellows 14with a valve 15. The
bellows 14 is positioned on the blade 11 at the side of the
shelf 13. The valve 15 passes through the blade 11 and is
open in the direction opposite to the direction of air flow.
The axle 12 is pivotable by a setting mechanism 16.
During operation of the regulator, the bellows 14 is filled
with air via the valve 15. The inflated bellows 14 pushes
the blade 11 away from the shelf 13, thereby affecting the
air flow by displacement of the blade 11. The setting
mechanism 16 is located on the outside of the body 10
and is actuated by an actuator 21, also located on the
outside. The actuator 21 is powered by the operating
module 22.
[0027] The setting mechanism 16 has at least one
spring (not shown) that is coupled by linkages (not
shown) to the blade axis 12. The setting mechanism
16 causes the spring to stretch and act on the blade axis
12, thereby lockingadesiredposition of the blade11. The
spring prevents deflection of the blade 11 from the shelf
13 under the influence of air filling the bellows 14, in the
case the air flow increased within the duct. By locking the
position of blade 11, the regulator maintains a fixed air
flow within the duct. An air flow indicator 24 can be
provided on the body 10, in particular on the setting
mechanism 16.
[0028] The operating module 22 comprises a micro-
controller 31 for controlling the operation of its individual
components, a battery 32, a battery charging circuit 33
and a control signal receiver 34.
[0029] The microcontroller 31 is preferably configured
to operate in a mode that ensures minimal use of elec-
trical energy, so that during periods when the air flow
regulator does not need to be adjusted, the operating
module 22 is set to an idle state to consume as little
energy as possible. In the idle state, the receiver 34 of the
control signal may be set to a listening mode, awaiting
arrival of the control signal. Upon receipt of the control
signal, the microcontroller 31 may provide the power
signal from the battery 32 to the actuator 21. Thereby,
the actuator 21 is not powered in the idle state and
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therefore does not consume energy. Thus, the power
consumption is kept at a low level and the battery 32may
be charged faster. In addition, themicrocontroller 31may
comprise a real-time clock used to activate the listening
mode at selected time intervals (e.g. at particular times of
a day), for further energy savings.
[0030] The electric power from the battery 32 to the
actuator21maybeprovidedasanON/OFFpowersupply
signal or as an analogue signal having a specific ampli-
tude from a specific range, for example from 0 to 10 V.
[0031] Preferably, the individual components 31, 33,
34 are mounted on a common printed circuit board. This
results in a compact size of the operating module and
allowsmounting it conveniently on the body 10. Also, the
battery 32maybe integrated into this printed circuit board
or located thereon, and thewhole setmay be housed in a
compact housing, made for example from plastic.
[0032] In this embodiment, the operating module 22 is
attached to the body 10, preferably in a manner that
allows its easy disconnection and replacement, such
as by mounting screws. In alternative embodiments,
the operating module 22 may be mounted at a close
distance away from the air flow regulator, for example
on a wall, ceiling or pillar.
[0033] In this embodiment, the cylindrical body 10 of
the regulator 1 has its outer surface coated with a flexible
perovskite cells module 41.
[0034] The perovskite cells module 41 may be coated
with a protective layer, e.g. in a formof a film to protect the
cells from damage, in particular from mechanical, ther-
mal or chemical damage. The protective layer may have
mounting openings to facilitate attachment of the per-
ovskite cells module 41 to the body 10.
[0035] The receiver 34 of the operating module 22 is
connected to a receiving antenna 23, which receives a
control signal from the controller 51 having a transmitting
antenna52 (asshown inFig. 4). Thecontroller 51 shall be
positioned away from the air flow regulator, in a place that
allowsoptimal conditions formeasurement of relevant air
parameters.Thecontroller 51 is coupledwithoneormore
sensors (not shown) that measure parameters of inter-
est, such as CO2 level in the ventilated room. Upon
receiving a control signal from the controller 51, the
operating module 22 communicates the need to power
on the actuator 21 in order to actuate the settingmechan-
ism 16 to set a corresponding blade position.
[0036] The operating module 22 may support a pair/-
unpair function (activated, for example, by a dedicated
button) for establishingaconnectionwithanewcontroller
51 or disconnecting apreviously connected controller 51.
The operation of the pair/unpair functionmay be signaled
by a dedicated signaling diode, such as an RGB LED.
[0037] The controller 51 may be powered from the
mains or from a battery. For example, the controller
may be supplied with 24V AC/DC or 230V AC power
supply. Radio signal transmitted from one controller 51
may be set to a strong level, such as to cover an entire
floor of a building, so that multiple air flow regulators may

be controlled from a single controller, such that the single
controller communicates with a plurality of air flow reg-
ulators 1.
[0038] In order to store the number of activations at the
operating module 22, the controller 51 may have a re-
cording functionality to record the number of activations
or to reset the activations counter. The controller 51 may
handle an optimizing function to minimize the number of
activations in order to save energy resources of the air
flow regulator 1.
[0039] The controller 51 may also comprise a pairin-
g/unpairing function, for initiating/deactivating a connec-
tion with a particular operating module 22. The controller
may also handle a channel selection function for assign-
ing a particular radio communication channel to the re-
spective operating module 22. Preferably, the controller
51may comprise anRGBLED for indicating the status of
operation of the pairing/unpairing function.
[0040] The controller may be coupled to a CO2 or air
quality sensor located in the same room as the operating
module.
[0041] Fig. 2 shows a second embodiment of the air
flow regulator 1’, which is equivalent to the first embodi-
ment, except that the body 10’ is cuboid in shape (which
also implies a corresponding rectangular shape of the
blade) and theperovskite cellsmodule41 is applied on its
outer side wall.
[0042] Fig. 3 shows a third embodiment of the air flow
regulator 1", which is equivalent to the first embodiment
except that it has the perovskite cells module 41" posi-
tioned away from the body 10. In this third embodiment,
theperovskite cellsmodule41" is fixed to theundersideof
the suspended ceiling panel. This solution is particularly
suitable for installation in roomswith a suspended ceiling
61, wherein the ventilation system 64 with the controller
1" is located in a dark space 62 between the suspended
ceiling 61 and the main ceiling 63. Further alternative
embodiments are possible, wherein the perovskite cells
module 41" is attached to other elements of the room
structure.
[0043] Further embodiments equivalent to the first or
second embodiment are also possible, comprising a first
perovskite cells module 41 integrated with the body 10 of
theair flow regulator andasecond (additional) perovskite
cells module 41" mounted away from the body 10 of the
air flow regulator.
[0044] The same technical features as described
above with respect to the CAV-type regulator embodi-
ments, can be implemented equivalently in VAV-type
regulators.
[0045] While the invention has been described with
respect to a limited number of embodiments, it will be
appreciated that many variations, modifications and
other applications of the invention may be made. There-
fore, the claimed invention as recited in the claims that
follow is not limited to theembodiments describedherein.
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Claims

1. An air flow regulator (1, 1’, 1"), comprising:

- a body (10, 10’) forming a duct for conducting
air flow,
- an air flow regulating mechanism located in-
side the body (10, 10’), and
- an operating module (22) coupled to an actua-
tor (21) mounted outside the body (10, 10’) for
adjusting the air flow regulating mechanism,

characterized in that:

- the air flow regulator (1, 1’, 1") further com-
prises a perovskite cells module (41) connected
to the operating module (22) to charge a battery
(32) that powers the actuator (21), and
- the operating module (22) comprises a control
signal receiver (34) configured to receive a con-
trol signal from a remote controller (51).

2. The air flow regulator according to claim 1, wherein
the perovskite cells module (41) is flexible.

3. The air flow regulator according to any of previous
claims, wherein the perovskite cells module (41) is
arranged adjacent to the outer surface of the body
(10, 10’).

4. The air flow regulator according to any of previous
claims, wherein the body (10) has the form of a
cylinder.

5. Theair flow regulator according to any of claims from
1 to 3, wherein the body (10’) has the form of a
cuboid.

6. The air flow regulator according to any of previous
claims, further comprising an insulating layer be-
tween the outer surface of the body (10, 10’) and
the perovskite cells module (41).

7. The air flow regulator according to any of previous
claims, wherein the perovskite cells module (41") is
mounted away from the regulator (1").

8. The air flow regulator according to any of previous
claims, further comprising an additional perovskite
cells module (41 ") mounted away from the regulator
(1).

9. The air flow regulator according to any of previous
claims, wherein the operating module (22) is config-
ured to receive a control signal from a remote con-
troller (51) with a transmitter (52) coupled to at least
one sensor.

10. The air flow regulator according to claim 9, wherein
the at least one sensor is an air pressure sensor, an
air temperature sensor, an air composition sensor, a
CO2 level sensor, a light intensity sensor, a motion
sensor or a human presence sensor.

11. The air flow regulator according to any of previous
claims, having a form of a CAV-type controller, com-
prising a blade (11) with a shelf (13) and bellows (14)
pivotably mounted inside the body (10, 10’) on a
blade axis (12), a setting mechanism (16) coupled
to thebladeaxis (12) for adjusting thebladeaxis (12),
wherein the operating module (22) is configured to
control the setting mechanism (16) by the actuator
(21).

12. A system for regulating air flow, comprising a con-
troller (51) with a transmitter (52) and the air flow
regulator (1, 1’, 1") according to any of previous
claims.

13. The system according to claim 12, wherein the con-
troller (51) with the transmitter (52) is coupled to at
least two air flow regulators (1, 1’, 1") according to
any of claims 1‑11.
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