AN ACTIVE AIRFLOW INHIBITING APPARATUS

The invention relates to an active airflow inhibiting apparatus for an entranceway, and

particularly a doorway.

Various styles of doors are used at the entrances of retail spaces, such as shopping centres

(malls), supermarkets or other stores.

A common style of door is the automatic sliding door. Two sets of automatic sliding doors
are often provided in series to form a draught lobby which acts as an airlock to prevent wind
from entering the building. However, in high traffic areas, it is common for both sets of doors
to be open at the same time, thus providing a direct path for air to pass through the door.
This can lead to unpleasant draughts. In addition, airflow may occur through a door as a
result of temperature differentials across the door. Airflow through a door (whether from
draughts or induced by temperature differentials) increases the power output requirements of
HVAC systems within the building.

Over door heaters are often used to try to mask the incoming draught to improve customer
experience. However, these devices consume large amounts of energy and do not address
the problem itself. Another option is to provide an air curtain across the doorway. However,
these devices are not able to prevent infiltration where there is a large pressure differential or

under windy conditions.

Experience has shown that any physical barrier, even an automatically opening door, can
lead to a reduction in the number of people entering a store and that stores have started
keeping the doors open throughout all of the working hours to minimise this effect. In this
case, the energy costs through the passage of heated or cooled air out of the building and

replaced by ambient air can be substantial.

It is therefore desirable to provide an airflow inhibiting apparatus which addresses the

disadvantages of existing solutions.

In accordance with an aspect of the invention, there is provided an active airflow inhibiting

apparatus for an entranceway including: a structure comprising one or more air mover



devices configured to be positioned adjacent an entranceway of a building and defining a
passage therethrough for accessing the entranceway; an airflow sensor configured to
provide an output indicative of speed and direction of airflow through the entranceway or at
the one or more air mover devices; and a controller connected to the one or more air mover
devices and the airflow sensor; wherein the controller is configured to receive the output of
the airflow sensor and to control an output of the one or more air mover devices based on
the received output so as to generate a differential pressure across the one or more air
mover devices which inhibits (i.e. minimises or prevents) airflow through the entranceway,

and wherein the one or more air mover devices form an archway.

The one or more air mover devices may be air multiplier devices.

The plurality of air mover devices may form a plurality of arches (or a pair of uprights).

The plurality of arches may be nested within one another in a single plane.

The plurality of arches may be arranged side by side (i.e. in series).

The one or more air mover devices may be configured to generate an area of negative
pressure which entrains the airflow and/or an area of positive pressure which repels the
airflow.

The apparatus may comprise a plurality of said structures and each of the plurality of said
structures may be configured to be positioned adjacent a different entranceway of the same

building.

The controller may be configured to synchronise the operation of the air mover devices with

the opening of a door of the entranceway based on the output of an activation sensor.

The activation sensor may be located within the passage defined by the structure.

The array of air mover devices may be configured to be located externally to the

entranceway.



The air multiplier device may include an air inlet; a pair of first air outlets and a pair of second
air outlets, wherein the pair of first air outlets are located on opposing sides of the air
multiplier device and the pair of second air outlets are located on opposing sides of the air
multiplier device and wherein the pair of first air outlets and the pair of second air outlets are
arranged in a back-to-back relationship such that they face in opposite directions; a pump for
passing air from the air inlet to the pair of first air outlets and the pair of second air outlets;
wherein the air multiplier device has a first configuration in which the air from the air inlet is
directed to the pair of first air outlets and a second configuration in which the air from the air
inlet is directed to the pair of second air outlets and wherein the air multiplier device is
configured to operate in one of the first and second configurations to allow bidirectional

airflow.

The airflow sensor may be configured to provide an output indicative of speed and direction
of airflow through the entranceway at a plurality of vertical positions through the

entranceway.

The airflow sensor may comprise a plurality of sensor elements located at different vertical

positions.

The controller may be configured to determine an optimised set of outputs for the plurality of
structures. The controller may be configured to determine a set of outputs for the one or

more air mover devices of the plurality of structures which are dependent on one another.

The controller may be configured to control the output of the air mover devices so as to

generate a differential pressure which varies with vertical position.

The air mover devices may comprise a plurality of air mover devices which are spaced

around a common circle to generate a vortical airflow.

The plurality of air mover devices may be arranged so that their airflow axes lie tangential to

the common circle.
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For a better understanding of the invention, and to show more clearly how it may be
carried into effect, reference will now be made, by way of example, to the

accompanying drawings, in which:-

Figure 1 is a model of a store building having an airflow inhibiting apparatus according

to an embodiment of the invention;

Figure 2 is an airflow velocity plot over a plan view of the store building showing airflow

around and through the building without the airflow inhibiting apparatus in place;
Figure 3 is an airflow velocity plot over a cross-sectional side view through a front
entrance of the store building showing airflow passing into the building via the front

entrance;

Figure 4 is an airflow velocity plot over a cross-sectional side view through a rear

entrance of the store building showing airflow exiting the building via the rear entrance;

Figure 5 is a front view of the airflow inhibiting apparatus;

Figure 6 is a cross-section through an air mover device of the airflow inhibiting

apparatus;

Figure 7 is a cross-sectional side view through the front entrance of the store building

showing flow vectors produced when the airflow inhibiting apparatus is in operation;

Figure 8 is a plan view of the store building showing flow vectors produced when the
airflow inhibiting apparatus is in operation;

Figure 9 is a schematic view of an air mover array according to another embodiment of

the invention; and

Figure 10 is a plan view of an air mover array according to another embodiment of the

invention.
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Figure 1 shows a simplified model of a store building 2, such as a supermarket or other
retail space. As shown, in this example, the building 2 has a front entrance 4 and a
rear entrance 6. The front and rear entrances 4, 6 are shown as open doorways to
signify that a door located at the entrance is in an open position and so not covering
the doorway. In particular, the front and rear entrances 4, 6 may utilise automatic
sliding doors and so the model shown in Figure 1 represents where customers are

passing simultaneously through the front and rear entrances 4, 6.

Internally, the space within the building 2 is divided into a number of aisles by dividers
8.

As shown in Figures 2 to 4, with wind directed towards the front entrance 4, air is
allowed to flow into the building 2 via the front entrance 4 and is drawn through the
building 2, predominantly through the aisles closest to the front entrance 4, before
exiting the building 2 via the rear entrance 6. A strong current of air (draught) is
therefore generated through the interior of the building 2. This may be unpleasant for

customers and employees located within the building 2.

As shown in Figure 1, an airflow inhibiting apparatus 10 is provided adjacent the front
entrance 4 which seeks to reduce or eradicate entirely such draughts through the

building.

As shown in Figure 5, the airflow inhibiting apparatus 10 comprises a structure formed

by an array of air mover devices 12.

Each of the air mover devices 12 generally is in the form of an arch (6 arches are
shown, but any number may be used, including a single arch formed potentially by only
one air mover device). The dimensions of each arch differ such that the air mover
devices 12 are nested in a single plane with each subsequent air mover device 12
surrounding a smaller air mover device 12 of the array. The innermost air mover
device 12 has dimensions which are slightly greater than the doorway of the front
entrance 4, as shown in Figure 5, such that it does not impede the doorway.

The array of air mover devices 12 thus form an archway. This archway sits adjacent to
the front entrance 4 but spaced externally therefrom (by approximately 1 to 2m), as

shown in Figure 1.



10

15

20

25

30

35

WO 2019/158938 PCT/GB2019/050418

Each of the air mover devices 12 is a bidirectional air multiplier. As shown in Figure 6,
the air mover devices 12 have a substantially rhombus like (e.g. lozenge shaped)

cross-section. They may instead have an oval, symmetric lens or similar cross-section.

The air mover devices 12 comprise a pair of outward facing outlets 14a, 14b and a pair
of inward facing outlets 16a, 16b. The pair of outward facing outlets 14a, 14b are
located on opposing sides of the air mover device 12 and the pair of inward facing
outlets 16a, 16b are located on opposing sides of the air mover device 12. The pair of
outward facing outlets 14a, 14b and the pair of inward facing outlets 16a, 16b are

arranged in a back-to-back relationship such that they face in opposite directions.

In a first mode of operation, a jet of air (from an impeller or other pump, for example) is
ejected from each of the outward facing outlets 14a, 14b and passes along the
opposing and converging surfaces of the air mover device 12. This jet of air creates an
area of negative pressure which draws additional air into the airflow from between the
air mover device 12 and the front entrance 4. Further, as the air moves away from the
air mover device 12 it entrains additional air within the airflow. The volume of air within
the airflow is thus multiplied. In a second mode of operation, the air mover devices 12
operate in the reverse manner with air being ejected from the inward facing outlets 16a,
16b. The selection of the first and second modes of operation may be controlled by an

internal controller of the air mover device 12.

The array of air mover devices 12 is connected (either via a wired or wireless
connection) to a controller 18 which is in turn connected (again, either via a wired or

wireless connection) to an airflow sensor 20 and an activation sensor 22.

The activation sensor 22 may be a pressure sensor or a movement sensor (such as a
passive infra-red sensor or the like) which provides a signal that indicates when
someone passes through the archway of air mover devices 12 prior to entering the

building 2 via the front entrance 4.

The airflow sensor 20 provides an output which is indicative of the present wind

conditions, particularly the wind speed and direction.
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The controller 18 receives as inputs the signals from the activation sensor 22 and the
airflow sensor 20. The controller 18 uses these signals to control the operation of the
air mover devices 12. Specifically, the controller 18 sets a fan speed setting of the air
mover devices 12 based on the speed and direction of the wind. The fan speed setting
is set to create a pressure differential which opposes the approaching wind and is
sufficient to cause it to be substantially stopped, redirected or reversed. For example,
as shown in Figures 7 and 8, on passing through the archway of air mover devices 12,
the wind is drawn upwards and outwards and forms part of the airflow of the air mover
devices 12 (either passing directly through the air mover devices 12 or being entrained
with this airflow), or at least is drawn away from the door. The wind is therefore
prevented from entering the doorway of the front entrance 4. The fan speed setting
can be controlled based on the speed and direction of the wind to ensure that the air
mover devices 12 have sufficient power to prevent the wind from entering the building
2.

The operation of the air mover devices 12 is also coordinated based on the signals of
the activation sensor 22. Specifically, the air mover devices 12 may only be switched
on or operated at the required fan speed (differential pressure) setting when someone
is approaching the front entrance and the door will open allowing a draft to be formed.
A corresponding sensor may be provided inside the building 2 to indicate when the

door will be triggered by someone leaving the building 2.

If the wind direction were reversed such that air entered the rear entrance 6 of the
building and exited the front entrance 4, the air mover devices 12 would be operated in
the opposite configuration forcing air towards the front entrance 4 from the inward
facing outlets 16a, 16b. Blocking the escape route for wind entering the rear entrance

6 similarly prevents draughts from forming.

The controller 18 is able to actively manage the operation of the air mover devices 12
to prevent or minimise draughts at all times, regardless of the current wind conditions.
The controller 18 may access a look-up table or other reference source to determine

the correct setting for the current wind conditions.

In other examples, the airflow inhibiting apparatus 10 may comprise a plurality of arrays
of air mover devices 12 which are provided at each doorway of the building. The

airflow inhibiting apparatus 10 may comprise a single controller 18 which is in
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communication with each of the arrays and is able to make local adjustments to
prevent airflow either into or out of the respective doorways. The effect of each of the
arrays has an impact on the other arrays and so the settings for the arrays cannot be
determined in isolation. Consequently, the controller 18 determines a set of outputs for
the plurality of arrays which are dependent on one another. In particular, the controller
18 may perform a multivariate analysis (or other analysis) which seeks to define the

optimum overall solution (particularly, with the minimum energy usage).

Although the airflow inhibiting apparatus 10 has been described in relation to airflows
generated by wind, it will be appreciated that it may also minimise or prevent airflows
associated with temperature differentials at a doorway (i.e. in the absence of any wind
or draught). Such temperature differentials lead to both ingress and egress at the
doorway as a result of buoyancy effects. Specifically, higher density, colder air flows in
one direction at the lower part of the door plane and lower density, warmer air flows in
the opposite direction at the upper part of the door plane in order to maintain net

building pressure.

In such circumstances, the airflow sensor 20 is able to determine the current airflow
through the doorway at a plurality of vertical positions (for example, by utilising a
plurality of sensor elements located at different vertical positions). The controller 18 is
able to utilise the output of the airflow sensor 20 to control the individual output of the
air mover devices 12 to vary with vertical position. Specifically, the air mover devices
12 are able to generate a stratified differential pressure which provides a negative
pressure over part of the doorway and a positive pressure over another part of the
same doorway in order to counteract the opposing flows through the doorway

generated by buoyancy effects.

The fan speed settings of the air mover devices 12 may also vary vertically and/or
horizontally within a single array, while all generating a positive or negative pressure, to

taken into account variations in wind conditions and directions.

As shown in Figure 9, the air mover devices 12 may be rotated by 90 degrees such
that the airflow is directed either radially inward or radially outward through the archway
and thus the airflow is along a plane which is parallel to the plane of the doorway (a
transverse direction). Such an archway may be formed by a plurality of identical
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arches located in series. In other examples, the air mover devices 12 may be angled in

between these two extremes to form a conical arch.

Figure 10 shows an alternative arrangement of air mover devices 120. As shown, the
air mover devices 120 are arranged either side of the doorway in four groups 120a,
120b, 120c, 120d. Each of the groups 120a-120d comprises a plurality of air mover
devices 120 (three are shown). The air mover devices 120 within each group 120a-
120d are arranged parallel to one another. Each group 120a-120d is arranged so that
its airflow axis (i.e. the direction along which it drives airflow) lies tangential to a
common circle (with the individual air mover devices 120 having their airflow axes
arranged on a plurality of concentric circles) such that the groups are positioned at O,
90, 180 and 270 degrees. The opposing groups 120a, 120c and 120b, 120d are
configured so that they generate airflow in opposing directions. Specifically, the group
120a drives air towards the doorway, whereas the group 120c drives air away from the
doorway; and the group 120b drives air transversely away from the doorway, whereas

the group 120d drivers air transversely towards the doorway.

The air mover devices 120 are therefore able to create a circulating (vortical) flow
either side of the doorway which draws away airflow which is approaching the doorway

in a transverse direction.

It will be appreciated that the number of groups of air mover devices 120 is not limited
to four and the air mover devices 120 could instead be arranged as 3 or more groups.

Further, each group may contain any number of air mover devices 120.

The groups 120a-120d may be formed as arches in a similar manner to the examples
described above. Accordingly, the air mover devices 120 may also extend horizontally

and draw airflow upwards and away from the doorway.

Although the air mover devices 12, 120 have been described as being air multipliers, it
will be appreciated that other forms of the air mover devices, such as conventional

bladed fans, may be used.

The front of the building may comprise a recess (for example, being dished inwardly),

with the doorway being positioned within the recess so that it is set back from the
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boundary of the building. This arrangement may allow the air mover devices 12 to be

sited within or at the boundary of the building (although still external to the doorway).

The preceding description describes how the output of the air mover devices 12, 120 is
controlled by adjusting a fan speed setting. In other arrangements, the output of the air
mover devices 12, 120 may be adjusted in other manners. For example, the output
may be adjusted by controlling valves/chokes or by adjusting the size of the outlet of
the air mover devices 12, 120.

Although the airflow sensor 20 is shown as being adjacent to the array of air mover
devices 12, 120, it will be appreciated that the airflow sensor may be located remotely
provided that it gives an adequate indication of the current wind conditions at that
location.

The activation sensor 22 may be omitted in other examples or may be formed by the

opening sensor of the door itself.

In other examples, the array of air mover devices 12, 120 may not form an arch. For
example, they may be formed as a pair of vertical uprights, and optionally, a horizontal
crossbar. Further, it is not necessary for the entire arch to generate airflow. For
example, the corners of the arches may not be provided with air mover devices 12,
120.

The specific form of bidirectional air multiplier utilised herein may find applications in
other contexts and is not limited to being part of the active airflow inhibiting apparatus.
The air multiplier may contain a first (circular) outlet and a second (circular) outlet

arranged back-to-back to give airflow in both directions.

The airflow inhibiting apparatus 10 is able to inhibit airflow (generated by wind and/or
temperature differentials) through a doorway (or any other entranceway) without
requiring any physical obstruction. This improves customer experience and reduces

power consumption of HVAC systems operating within the building.

The invention is not limited to the embodiments described herein, and may be modified
or adapted without departing from the scope of the present invention as defined in the

appended claims.
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CLAIMS

1. An active airflow inhibiting apparatus for an entranceway comprising:

a structure comprising one or more air mover devices configured to be positioned
adjacent an entranceway of a building and defining a passage therethrough for accessing
the entranceway;

an airflow sensor configured to provide an output indicative of speed and direction of
airflow through the entranceway or at the one or more air mover devices; and

a controller connected to the one or more air mover devices and the airflow sensor;

wherein the controller is configured to receive the output of the airflow sensor and to
control an output of the one or more air mover devices based on the received output so as to
generate a differential pressure across the one or more air mover devices which inhibits
airflow through the entranceway, and

wherein the one or more air mover devices form an archway.

2. The active airflow inhibiting apparatus as claimed in claim 1, wherein the one or more

air mover devices are air multiplier devices.

3. The active airflow inhibiting apparatus as claimed in claim 2, wherein the one or more
air mover devices comprise a plurality of air mover devices and wherein the plurality of air

mover devices form a plurality of arches.

4. The active airflow inhibiting apparatus as claimed in claim 3, wherein the plurality of

arches are nested within one another in a single plane.

5. The active airflow inhibiting apparatus as claimed in claim 3, wherein the plurality of

arches are arranged side by side.

6. The active airflow inhibiting apparatus as claimed in claim 5, wherein the one or more
air mover devices are configured to generate an area of negative pressure which entrains

the airflow and/or an area of positive pressure which repels the airflow.

7. The active airflow inhibiting apparatus as claimed in any preceding claim, wherein the
apparatus comprises a plurality of said structures and wherein each of the plurality of said
structures is configured to be positioned adjacent a different entranceway of the same

building.
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8. The active airflow inhibiting apparatus as claimed in claim 7, wherein the controller is
configured to determine a set of outputs for the one or more air mover devices of the plurality
of structures which are dependent on one another.

9. The active airflow inhibiting apparatus as claimed in any preceding claim, wherein the
controller is configured to synchronise the operation of the one or more air mover devices

with the opening of a door of the entranceway based on the output of an activation sensor.

10. The active airflow inhibiting apparatus as claimed in claim 9, wherein the activation

sensor is located within the passage defined by the structure.

11. The active airflow inhibiting apparatus as claimed in any preceding claim, wherein the

one or more air mover devices are configured to be located externally to the entranceway.

12. The active airflow inhibiting apparatus as claimed in claim 3, wherein the air multiplier
device comprising:

an air inlet;

a pair of first air outlets and a pair of second air outlets, wherein the pair of first air
outlets are located on opposing sides of the air multiplier device and the pair of second air
outlets are located on opposing sides of the air multiplier device and wherein the pair of first
air outlets and the pair of second air outlets are arranged in a back-to-back relationship such
that they face in opposite directions;

a pump for passing air from the air inlet to the pair of first air outlets and the pair of
second air outlets;

wherein the air multiplier device has a first configuration in which the air from the air
inlet is directed to the pair of first air outlets and a second configuration in which the air from
the air inlet is directed to the pair of second air outlets and wherein the air multiplier device is
configured to operate in one of the first and second configurations to allow bidirectional

airflow.

13. The active airflow inhibiting apparatus as claimed in any preceding claim, wherein the
airflow sensor is configured to provide an output indicative of speed and direction of airflow

through the entranceway at a plurality of vertical positions through the entranceway.

14. The active airflow inhibiting apparatus as claimed in any preceding claim, wherein the

airflow sensor comprises a plurality of sensor elements located at different vertical positions.
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15. The active airflow inhibiting apparatus as claimed in claim 13 or 14, wherein the
controller is configured to control the output of the one or more air mover devices so that the

differential pressure varies with vertical position.

16. The active airflow inhibiting apparatus as claimed in any preceding claim, wherein the

output of the one or more air mover devices is controlled by changing a fan speed setting.

17. The active airflow inhibiting apparatus as claimed in any preceding claim, wherein the
one or more air mover devices comprise a plurality of air mover devices which are spaced

around a common circle to generate a vortical airflow.

18. The active airflow inhibiting apparatus as claimed in claim 17, wherein the plurality of

air mover devices are arranged so that their airflow axes lie tangential to the common circle.



