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(54) INDOOR AIRFLOW ADJUSTMENT METHOD AND SYSTEM

(57) Provided is a method for adjusting airflow pro-
vided by an air circulation module (118), e.g. a portable
air circulation module, to an enclosed habitation space
(100). The method comprises obtaining, via at least one
sensor (130, 132), temperature variation data indicative
of spatial and/or temporal variation of temperature in the
enclosed habitation space. The airflow provided by the
air circulation module is adjusted by a control signal that

is generated according to the temperature variation data.
Further provided is a system (128) for adjusting airflow
provided by such an air circulation module, e.g. portable
air circulation module, to an enclosed habitation space,
an air displacement appliance comprising the system and
the air circulation module, and a computer program for
implementing the method.
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Description

FIELD OF THE INVENTION

[0001] This invention relates to a method and system
for adjusting airflow provided by an air circulation module
to an enclosed habitation space. Examples of enclosed
habitation spaces include a residential indoor space, e.g.
a room in a private house or apartment, a classroom, an
office or a waiting room. The invention further relates to
a computer program for implementing the method.

BACKGROUND OF THE INVENTION

[0002] In wintertime, heating costs are high because
of cold outdoor weather. Due to increasing energy costs
and climate change, there is a need for solutions that
create comfortable indoor environments at lower power
consumptions and reduced CO2 emissions.
[0003] One such solution is so-called thermal destrat-
ification. This is a technology that mixes higher temper-
ature air from an upper part of an indoor space with colder
air from a lower part of the space (see, e.g., Aynsley,
Richard "Circulating fans for summer and winter comfort
and indoor energy efficiency" Environment Design Guide
(2007): 1-10). As a result of this mixing, the temperature
at human body height is raised without additional heating
costs. To this end, fans are typically mounted in upper
parts of tall indoor public spaces, such as conference
areas, halls, etc.
[0004] Portable air purification systems are devices
that generate an airflow through purification modules
which remove or convert air pollutants. Examples of pu-
rification modules include HEPA and activated carbon
filters. The performance of an air purification system is
commonly expressed as the Clean Air Delivery Rate
(CADR) which is defined by the airflow delivered through
the purification module multiplied by the pollutant remov-
al/conversion efficiency.
[0005] In order to offer protection against virus aero-
sols in poorly ventilated rooms, air purification systems
are recommended to have a CADR that equals three to
six times the room volume. At such high airflows, the air
in the room is intensively mixed, which can lead to small
gradients of pollutant levels throughout the room.
[0006] Portable air purification systems are increasing-
ly used to remove particulate and volatile pollutants from
the indoor air. These pollutants can be created indoors,
for example during cooking or by outgassing of new dec-
oration, but can also enter the indoor air from outdoors
as fine dust and smog gases that penetrate into the home,
even when windows and doors are closed.
[0007] During wintertime, outdoor pollutant levels are
typically higher because of increased emissions from
power plants and wood burning activities. In this respect,
reference is made to, for example, Chafe, Zoë, et al.
"Residential heating with wood and coal: health impacts
and policy options in Europe and North America" 2015,

World Health Organization Regional Office Europe; and
Saraga, D., et al. "Multi-city comparative PM2. 5 source
apportionment for fifteen sites in Europe: The ICARUS
project" Science of The Total Environment 751 (2021):
141855. As a consequence, especially during wintertime
there can be an increased need for portable air purifica-
tion systems, in addition to the above-mentioned need
for solutions that create comfortable indoor environments
at lower power consumptions and reduced CO2 emis-
sions.

SUMMARY OF THE INVENTION

[0008] The invention is defined by the claims.
[0009] According to examples in accordance with an
aspect of the invention, there is provided a method for
adjusting airflow provided by an air circulation module to
an enclosed habitation space, the method comprising:
obtaining, via at least one sensor, temperature variation
data indicative of spatial and/or temporal variation of tem-
perature in the enclosed habitation space; and generat-
ing, based on the temperature variation data, a control
signal for controlling the air circulation module to adjust
the airflow.
[0010] The enclosed habitation space is, for example,
a residential indoor space, e.g. a room in a private house
or apartment, a classroom, an office or a waiting room.
[0011] The present invention is partly based on the re-
alization that an air circulation module, e.g. a portable air
circulation module, can be employed to create more com-
fortable indoor environments, particularly in wintertime,
with lower overall power consumption.
[0012] The spatial variation of temperature in the en-
closed habitation space may correspond to a tempera-
ture gradient in the enclosed habitation space. Such a
temperature gradient can also result from temporal var-
iation of temperature, for example caused by a heating
element, e.g. radiator, in the enclosed habitation space
being switched on or off, or a set temperature of a central
heating system connected to the heating element being
changed.
[0013] By generating the control signal to adjust the
airflow provided by the air circulation module based on
the temperature variation data indicative of the spatial
and/or temporal variation of temperature in the enclosed
habitation space, the air circulation module can be oper-
ated to efficiently adjust the temperature conditions ex-
perienced by an occupant or occupants of the enclosed
habitation space.
[0014] This control can, for example, enable a body
height temperature in the enclosed habitation space to
be increased in a way that minimizes energy consump-
tion.
[0015] In some embodiments, the temperature varia-
tion data is indicative of a rate of change of temperature
in the enclosed habitation space. Such temperature var-
iation data is obtainable, for instance, via a single sensor.
[0016] In such embodiments, the control signal may

1 2 



EP 4 361 512 A1

3

5

10

15

20

25

30

35

40

45

50

55

increase the airflow based on the rate of change of tem-
perature equaling or exceeding a given, e.g. predeter-
mined, threshold.
[0017] Thus, greater airflow may be provided to reduce
the temperature gradient indicated by, e.g. predictable
via, the elevated rate of change of temperature.
[0018] The control signal may increase the airflow, e.g.
so as to operate the air circulation module in a more pow-
erful mode, if the temperature variation data obtained
using the at least one sensor indicates a relatively rapid
increase in temperature in the enclosed habitation space,
for example by more than 1°C within 5 to 10 minutes.
[0019] Alternatively or additionally, the control signal
may decrease the airflow based on the rate of change of
temperature equaling or being below a further given, e.g.
predetermined, threshold.
[0020] Thus, lower airflow, for instance no airflow, may
be provided by the air circulation module should this be
warranted by the rate of change of temperature being
sufficiently low. This may assist to reduce energy con-
sumption.
[0021] The control signal may decrease the airflow,
e.g. so as to operate the air circulation module in a less
powerful mode or to deactivate the air circulation module,
if the temperature variation data obtained using the at
least one sensor indicates stabilization of the tempera-
ture in the enclosed habitation space.
[0022] Such stabilization is, for example, indicated by
the temperature changing by less than 1°C during 20 to
40 minutes.
[0023] In some embodiments, the at least one sensor
comprises a first sensor arranged at a height in the en-
closed habitation space, and a second sensor arranged
at a further height in the enclosed habitation space, with
the height and the further height being different from each
other.
[0024] In such embodiments, the temperature varia-
tion data obtained via the first sensor and the second
sensor may be indicative of a temperature difference be-
tween at the height and at the further height.
[0025] Thus, the first and second sensors may assist
to provide data indicative of a temperature gradient along
a height dimension, in other words between a floor and
a ceiling, of the enclosed habitation space.
[0026] This may provide a particularly reliable basis on
which to adjust the airflow provided by the air circulation
module.
[0027] In some embodiments, the control signal may
increase the airflow based on the temperature difference
between at the height and at the further height equaling
or exceeding a given, e.g. predetermined, threshold.
[0028] Thus, greater air circulation may be provided to
reduce the temperature gradient along the height dimen-
sion in the enclosed habitation space.
[0029] Alternatively or additionally, the control signal
may decrease the airflow based on the temperature dif-
ference between at the height and at the further height
equaling or being below a further given, e.g. predeter-

mined, threshold.
[0030] Thus, lower airflow, for instance no airflow, may
be provided by the air circulation module should this be
warranted by the temperature difference being sufficient-
ly low. This may assist to reduce energy consumption.
[0031] It is noted, more generally, that in embodiments
in which the air circulation module is included in an air
displacement appliance having an air purification sys-
tem, the adjusted airflow provided as a result of the tem-
perature variation data-based control signal may be pro-
vided, e.g. may continue, irrespective of the need to main-
tain or improve indoor air quality, for instance as deter-
mined via a sensed particulate matter level and/or CO2
level and/or formaldehyde level and/or other gaseous
pollutant level, in the enclosed habitation space.
[0032] According to another aspect there is provided
a system for adjusting airflow provided by an air circula-
tion module to an enclosed habitation space, the system
comprising one or more processors configured to: obtain,
via at least one sensor, temperature variation data indic-
ative of spatial and/or temporal variation of temperature
in the enclosed habitation space; and generate, based
on the temperature variation data, a control signal for
controlling the air circulation module to adjust the airflow
[0033] In some embodiments, the at least one sensor
is included in, e.g. is supplied to the user as part of, the
system.
[0034] The at least one sensor may include one or
more remote sensors spatially removed from the air dis-
placement appliance but in communication with the proc-
essor(s) so that the processor(s) is or are able to obtain
the temperature variation data via the one or more remote
sensors.
[0035] Such remote sensor(s) may be positionable in
the enclosed habitation space in location(s) in the en-
closed habitation space that facilitate obtaining of the
temperature variation data, and also monitoring of the
effect of the adjusted airflow provided by the air circula-
tion module on the spatial and/or temporal temperature
variation in the enclosed habitation space.
[0036] Alternatively or additionally, the at least one
sensor may be included, e.g. mounted, in an air displace-
ment appliance that includes the air circulation module.
[0037] In some embodiments, the temperature varia-
tion data is indicative of a rate of change of temperature
in the enclosed habitation space. As also described
above in relation to the method, the control signal may
increase the airflow based on the rate of change of tem-
perature equaling or exceeding a given threshold.
[0038] In some embodiments, the at least one sensor
comprises a first sensor arranged at a height in the en-
closed habitation space, and a second sensor arranged
at a further height in the enclosed habitation space, with
the height and the further height being different from each
other. The temperature variation data may be indicative
of a temperature difference between at the height and at
the further height.
[0039] In some embodiments, the control signal in-
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creases the airflow based on the temperature difference
equaling or exceeding a given threshold, as also previ-
ously described in relation to the method.
[0040] The processor(s) may be configured to control
the air circulation module to maintain the airflow based
on the temperature variation data irrespective of the proc-
essor(s) receiving air quality data indicative of air quality
in the enclosed habitation space being such as to justify,
without accounting for the temperature variation data,
decreasing the airflow.
[0041] In some embodiments, the air circulation mod-
ule is controlled by the processor(s) to continue operating
in, for instance, a more powerful operation mode even if
the air quality reaches an acceptable level, e.g. as de-
termined by a particulate matter level and/or CO2 level
and/or formaldehyde level and/or other gaseous pollut-
ant level having a sufficiently low value, that would require
no further purification of the air in the enclosed habitation
space.
[0042] This operation of the air circulation module may
be continued until, for instance, the at least one sensor,
e.g. the first sensor and/or the second sensor, indicates
stabilization of the temperature in the enclosed habitation
space.
[0043] Such stabilization is, for example, indicated by
the temperature changing by less than 1°C during 20 to
40 minutes.
[0044] In some embodiments, the air circulation mod-
ule is controlled by the processor(s) to provide an airflow
different from that initially provided based on the temper-
ature variation data based on one or more of the follow-
ing: when subsequent temperature variation data is in-
dicative of a temperature gradient in the enclosed habi-
tation space stabilizing or starting to decrease; after a
set time, e.g. from starting the adjusted airflow; based on
sensory data indicating that occupants have left the en-
closed habitation space; and based on data from air pol-
lutant sensor(s).
[0045] In some embodiments, the air circulation mod-
ule is controlled by the processor(s) to provide a more
powerful airflow, relative to that initially provided based
on the temperature variation data, based on data re-
ceived by the processor(s) from air pollutant sensor(s).
[0046] According to yet another aspect there is provid-
ed an air displacement appliance comprising: an air cir-
culation module for providing an airflow to an enclosed
habitation space; and the system according to any of the
embodiments described herein, the system being con-
figured to generate, based on the temperature variation
data, the control signal for controlling the air circulation
module to adjust the airflow.
[0047] In embodiments in which the at least one sensor
includes the first sensor and the second sensor, the first
sensor may be mounted on the air displacement appli-
ance at a first position, and the second sensor is mounted
on the air displacement appliance at a second position
different from the first position, with the first and second
heights being different from each other due to a difference

in height between the first and second positions.
[0048] Thus, the mounting of the first and second sen-
sors at the height and at the further height respectively
may be implemented simply by the mounting of the first
and second sensors in the air displacement appliance.
This may provide a particularly reliable basis on which
to adjust the airflow provided by the air circulation mod-
ule, especially in the case of relatively tall air displace-
ment appliances.
[0049] In such embodiments, one of the first and sec-
ond sensors may be mounted at or proximal to a top of
the air displacement appliance when the air displacement
appliance is orientated for use, with the other of the first
and second sensors being mounted at or proximal to a
bottom of the air displacement appliance.
[0050] The term "proximal to a top of the air displace-
ment appliance" may mean that the respective sensor is
closer to the top of the air displacement appliance than
to the bottom of the air displacement appliance.
[0051] For example, the sensor of the first and second
sensors that is mounted proximal to the top of the air
displacement appliance may be mounted at most 10 cm,
e.g. about 5 cm, below the top of the air displacement
appliance.
[0052] The term "proximal to a bottom of the air dis-
placement appliance" may mean that the respective sen-
sor is closer to the bottom of the air displacement appli-
ance than to the top of the air displacement appliance.
[0053] For example, the sensor of the first and second
sensors that is mounted proximal to the bottom of the air
displacement appliance may be mounted at most 10 cm,
e.g. about 3 cm, above the bottom of the air displacement
appliance.
[0054] The at least one sensor may be mounted at lo-
cation(s) of the air displacement appliance other than
at/proximal to the top and at/proximal to the bottom of
the air displacement appliance. For example, the at least
one sensor may be mounted at/proximal to the front side
and/or at/proximal to the back side of the air displacement
appliance.
[0055] In some embodiments, the air displacement ap-
pliance includes a heating element-facing portion for fac-
ing, in use, the heating element provided in the enclosed
habitation space.
[0056] Such a heating element-facing portion can be
indicated in any suitable manner. In some embodiments,
the heating element-facing portion is indicated by a sign
provided on the air displacement appliance and/or in in-
structions provided for the air displacement appliance.
[0057] In such embodiments, the at least one sensor
may include a sensor mounted at the heating element-
facing portion.
[0058] In embodiments in which the at least one sensor
includes the first sensor and the second sensor, the sen-
sor mounted at the heating element-facing portion may
be included in, e.g. define, the first sensor or the second
sensor.
[0059] In some embodiments, the sensor mounted at
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the heating element-facing portion may be included in,
e.g. define, the sensor of the first and second sensors
mounted at an elevated position relative to the other of
the first and second sensors.
[0060] In other words, the elevated sensor may be di-
rected towards the heating element.
[0061] This may be a particularly suitable arrangement
in the scenario that the heating element is a wall-mounted
heating element, e.g. radiator.
[0062] In alternative embodiments, the sensor mount-
ed at the heating element-facing portion may be included
in, e.g. define, the sensor of the first and second sensors,
mounted at a lower position relative to the other of the
first and second sensors.
[0063] This may be a particularly suitable arrangement
in the scenario that the heating element is a floor heating
element of a floor heating system.
[0064] In some embodiments, the air displacement ap-
pliance further comprises one or more of: an air purifica-
tion system arranged to purify air in the enclosed habi-
tation space; an air humidification system arranged to
humidify air in the enclosed habitation space; an air de-
humidification system arranged to dehumidify air in the
enclosed habitation space; and a fragrance emitting unit
arranged to emit fragrance into the enclosed habitation
space.
[0065] For an air displacement appliance including a
humidification system, the humidification system may be
controlled, together with the air circulation module, to hu-
midify the airflow based on the temperature variation da-
ta.
[0066] The air circulation module may, in such a hu-
midification system-comprising air displacement appli-
ance, create an airflow over a water or wetted surface in
order to evaporate water. The thus evaporated water may
be carried by the airflow into the enclosed habitation
space.
[0067] The temperature variation data may provide an
additional advantage in the case of the air displacement
appliance including such a humidification system, since
activating the humidification system based on the tem-
perature variation data, e.g. when the detected temper-
ature increases or stabilizes, may assist to prevent that
the humidification lowers the air temperature to uncom-
fortable levels. This is because the automatic control
based on the temperature variation data may stop or de-
crease the airflow, and as a consequence also the water
evaporation, if the air temperature stabilizes or starts to
decrease. The air circulation module might also humidify
the air using alternative technologies, such as via ultra-
sonic nebulizers.
[0068] According to a further aspect there is provided
a computer program comprising computer program code
which is configured, when said computer program is run
on one or more processors, to cause said one or more
processors to implement the method of any of the em-
bodiments described herein.
[0069] One or more non-transitory computer readable

media may be provided, which non-transitory computer
readable media have a computer program stored there-
on, with the computer program comprises computer pro-
gram code which is configured, when the computer pro-
gram is run on the one or more processors, to cause the
one or more processors to implement the method ac-
cording to any of the embodiments described herein.
[0070] More generally, embodiments described herein
in relation to the method for adjusting airflow provided by
an air circulation module to an enclosed habitation space
may be applicable to the system and to the computer
program, embodiments described herein in relation to
the system for adjusting airflow provided by an air circu-
lation module to an enclosed habitation space may be
applicable to the method and computer program, and
embodiments described herein in relation to the compu-
ter program may be applicable to the method and the
system.
[0071] These and other aspects will be apparent from
and elucidated with reference to the embodiment(s) de-
scribed hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0072] 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 only, to
the accompanying drawings, in which:

FIG. 1 schematically depicts an enclosed habitation
space in which air is circulated using an air circulation
module;
FIG. 2 provides graphs of temperature at different
heights in an enclosed habitation space vs time when
the enclosed habitation space is and is not being
heated by a single radiator;
FIG. 3 provides graphs of temperature at different
heights in an enclosed habitation space vs time when
the enclosed habitation space is and is not being
heated by a single radiator and when an airflow is
and is not being provided by an air circulation mod-
ule;
FIG. 4 provides a graph of a temperature difference
between near a ceiling of an enclosed habitation
space and near a floor of the enclosed habitation
space vs time;
FIG. 5 provides graphs of temperature at different
heights in an enclosed habitation space vs time when
the enclosed habitation space is heated by a single
radiator at 19°C and 20°C and when an airflow is
and is not being provided by an air circulation mod-
ule;
FIG. 6 provides a graph of temperature at an average
sitting body height in an enclosed habitation space
vs time when the enclosed habitation space is heat-
ed by a single radiator at 19°C and 20°C and when
an airflow is and is not being provided by an air cir-
culation module;
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FIG. 7 provides a flowchart of a method according
to an example;
FIG. 8 provides graphs of temperature at different
heights in an enclosed habitation space vs time when
the enclosed habitation space is heated by a single
radiator at 20°C and 16°C and when an airflow is
and is not being provided by an air circulation mod-
ule;
FIG. 9 provides a graph showing a correlation be-
tween a temperature near to a top of an air displace-
ment appliance and a temperature near to the ceiling
of an enclosed habitation space; and
FIG. 10 provides a graph of a temperature difference
between at a height of 250 cm from the floor of the
enclosed habitation space and at a height of 24 cm
from the floor of the enclosed habitation space vs
time when the enclosed habitation space is heated
by a single radiator at 20°C and 16°C and when an
airflow is and is not being provided by an air circu-
lation module.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0073] The invention will be described with reference
to the Figures.
[0074] It should be understood that the detailed de-
scription and specific examples, while indicating exem-
plary embodiments of the apparatus, systems and meth-
ods, are intended for purposes of illustration only and are
not intended to limit the scope of the invention. These
and other features, aspects, and advantages of the ap-
paratus, systems and methods of the present invention
will become better understood from the following descrip-
tion, appended claims, and accompanying drawings. It
should be understood that the Figures are merely sche-
matic and are not drawn to scale. It should also be un-
derstood that the same reference numerals are used
throughout the Figures to indicate the same or similar
parts.
[0075] Provided is a method for adjusting airflow pro-
vided by an air circulation module, e.g. a portable air cir-
culation module, to an enclosed habitation space. The
method comprises obtaining, via at least one sensor,
temperature variation data indicative of spatial and/or
temporal variation of temperature in the enclosed habi-
tation space. The airflow provided by the air circulation
module is adjusted by a control signal that is generated
according to the temperature variation data. Further pro-
vided is a system for adjusting airflow provided by such
an air circulation module, e.g. portable air circulation
module, to an enclosed habitation space, an air displace-
ment appliance comprising the system and the air circu-
lation module, and a computer program for implementing
the method.
[0076] FIG. 1 shows an enclosed habitation space 100
heated by a heating element 102. The heating element
102 can, for example, be a radiator, such as a radiator
connected to a central heating system.

[0077] The enclosed habitation space 100 is, for in-
stance, a room, such as a residential room in a private
house or apartment. Alternatively, the enclosed habita-
tion space 100 may be a classroom or office space.
[0078] The enclosed habitation space 100 is delimited
by a floor 104, a ceiling 106, and sidewall(s) 108. The
sidewall(s) 108 surround(s) the enclosed habitation
space and extend(s) between the floor 104 and the ceiling
106.
[0079] It is noted that closable door(s) and/or win-
dow(s) (not visible) may be provided in one or more of
the floor 104, the ceiling 106 and the sidewall(s) 108.
[0080] It has been found that significant temperature
differences may exist between upper and lower parts of
the enclosed habitation space 100, even in a residential
room of a private house or apartment.
[0081] The graphs provided in FIG. 2 plot temperatures
in an enclosed habitation space 100 in the form of a nat-
urally ventilated room, measuring 2.7 m x 2.8 m x 3.4 m,
with closed windows and doors vs time during the night.
Graph 110A plots a temperature near the ceiling 106, at
a first height 110 of 250 cm above the floor 104; graph
112A plots a temperature near the floor 104, at a second
height 112 of 24 cm above the floor 104; and graph 114A
plots a temperature at a third, middle, height 114 between
the floor 104 and the ceiling 106 of 135 cm above the
floor 104.
[0082] FIG. 2 shows that during the night, when a cen-
tral heating system connected to the radiator 102 was
turned off, between 0 and 770 minutes, the temperatures
at each of the first, second and third heights 110, 112,
114 decrease. The temperature difference between the
first and second heights 110, 112 was around 1.5°C to
2°C.
[0083] Graphs 110B, 112B, 114B, 116B in FIG. 3 re-
spectively plot temperatures at the first height 110, the
second height 112, the third height 114, and a fourth
height of 60 cm above the floor 104 and above the radiator
102 vs time when the central heating system connected
to the radiator 102 was turned on. These temperatures
were recorded when the central heating system was
turned on in the morning following the night described
above in respect of FIG. 2. The central heating system
was turned on between 60 and 95 minutes, and between
230 to 255 minutes, and an air circulation module 118
was turned on between 215 and 375 minutes only.
[0084] The air circulation module 118, which in this il-
lustrative example is part of an air displacement appli-
ance 120 in the form of a Philips AC3033 air purifier, was
switched on at 215 minutes to a mode that has a Clean
Air Delivery Rate of 290 m3/h and a power consumption
of 16 W. Prior to 215 minutes, the air circulation module
118 was switched off, and hence was not providing an
airflow to the enclosed habitation space 100.
[0085] It is evident from FIG. 3 that the airflow provided
by the air circulation module 118 reduced a temperature
gradient in the enclosed habitation space 100. After turn-
ing on the air circulation module 118 at 215 minutes, the
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difference between the temperatures at the first and sec-
ond heights 110, 112 was observed to decrease from
about 1.4°C to about 0.4°C. In addition, the air temper-
ature at the third, middle, height 114 increased as a result
of the air circulation module 118 being turned on.
[0086] FIG. 4 provides a graph plotting the difference
between the temperatures at the first and second heights
110, 112 vs time over the monitoring period described
above in relation to FIG. 3. FIG. 4 shows that the tem-
perature gradient in the enclosed habitation space 100
increased and reached a maximum of about 3.4°C, but
with this difference decreasing from about 1.4°C to about
0.4°C following the air circulation module 118 being
switched on at 215 minutes.
[0087] Graphs 110C, 112C, 122C, 124C in FIG. 5 re-
spectively plot temperature at the first height 110, the
second height 112, a fifth height of 69 cm above the floor
104, and a sixth height of 113 cm above the floor in a
further illustrative example. The heights other than the
first height 110 were selected to correspond to ankle,
abdomen, and chin height of an adult when sitting on a
chair. FIG. 6 plots an average of the temperatures at
these heights vs time. In this further illustrative example,
the air circulation module 118, which is part of an air
displacement appliance 120 in the form of a Philips
AC3033 air purifier, was switched on at 60 to 180 minutes
and 300 to 420 minutes to a mode that has a Clean Air
Delivery Rate of 160 m3/h and a power consumption of
8 W. Prior to the air circulation module 118 being switched
on at 60 minutes, the period between 180 and 300 min-
utes, and after 420 minutes, the air circulation module
118 was switched off, and hence was not providing an
airflow. Moreover, the central heating system was set to
control the temperature of the enclosed habitation space
to 19°C until 180 minutes, and to 20°C between 180 and
420 minutes.
[0088] It is evident from FIG. 6 that when the central
heating system was set to 20°C and 19°C, the airflow
provided by the air circulation module 118 increased the
average temperature at the sitting body height by about
0.7°C and about 0.3°C respectively. It is noted that the
air circulation module 118 had a larger effect when the
central heating system was set to 20°C because the tem-
perature gradient in the enclosed habitation space 100
was larger under these conditions.
[0089] In the Netherlands and Belgium, independent
advisory agencies and authorities claim that reducing the
set temperature of a central heating system by 1°C re-
sults in a reduction of heating costs by approximately 6
to 7% (Bespaartips verwarming; Milieu Centraal, as of
19 May 2022, Besparen op uw energieverbruik | Vlaan-
deren.be). Hence the above-mentioned increase of air
temperature at the sitting body height of about 0.7°C may
deliver a significant reduction in energy costs.
[0090] The above-described illustrative examples
show that an air circulation module 118 can enable ad-
justment, e.g. increase, of air temperature in an enclosed
habitation space 100 at body height.

[0091] It is noted that the precise extent of the body
height air temperature adjustment may depend on vari-
ous factors, such as central heating system settings,
room height, room volume, airflow provided by the air
circulation module 118, and outdoor weather conditions.
[0092] The greatest benefits may be expected during
relatively cold outdoor weather conditions when indoor
air may be more polluted due to elevated concentrations
of fine particulate matter, e.g. PM2.5, and smog levels,
and ingress of such particulate matter into the enclosed
habitation space 100.
[0093] In the above-described illustrative example
whose results are graphically presented in FIGs. 5 and
6, the air displacement appliance 120 in the form of the
Philips AC3033 air purifier cleaned the air of the room
6.3 times per hour, since the Clean Air Delivery Rate was
160 m3/h and the volume of the enclosed habitation
space 100 was 25.5 m3. Hence, as well as adjusting, in
this case increasing, the body height air temperature, this
cleaning rate further provided relatively rapid removal of
aerosol particulates from the enclosed habitation space
100.
[0094] In relation to removal of aerosol particulates,
reference is made to, for example, Asbach, C., et al. "Po-
sition paper of the Gesellschaft für Aerosolforschung on
understanding the role of aerosol particles in SARS-CoV-
2 infection" 2021; United States Environmental Protec-
tion Agency "Residential Air Cleaners: A Technical Sum-
mary", 3rd edition, August 2018, Portable Air Cleaners,
Furnace and HVAC Filters; and Shaughnessy, R. J., and
R. G. Sextro "What is an effective portable air cleaning
device? A review" Journal of Occupational and Environ-
mental Hygiene 3.4 (2006): 169-181.
[0095] Hence air purification system-comprising air
displacement appliances 120, such as portable air puri-
fiers, that comply with air cleaning performance require-
ments stipulated by national standards or with recom-
mendations for protection against infectious virus aero-
sols may also be capable of creating more comfortable
air temperatures at human body heights within enclosed
habitation spaces 100 with volumes for which they are
advised.
[0096] However, conventional air purification system-
comprising air displacement appliances 120, and other
types of air displacement appliances 120, such as air
humidification system- and/or air dehumidification sys-
tem-comprising air displacement appliances 120, may
not be suited to reliably adjust human body height air
temperature in a way that minimizes heating costs be-
cause they are not responsive to temperature gradients
in the enclosed habitation space 100.
[0097] Whilst the air circulation module 118 of such air
displacement appliances 120 can, at least in principle,
be operated to provide a relatively high airflow continu-
ously in order to lessen temperature gradients in the en-
closed habitation space 100, this may lead to unaccept-
ably high sound levels and elevated energy consumption.
[0098] It is also noted that whilst conventional air pu-
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rification system-comprising air displacement appliances
120 tend to be equipped with sensors in order to respond
automatically to poor air quality situations, such air dis-
placement appliances 120 may not be responsive to tem-
perature gradients in the enclosed habitation space 100.
[0099] Referring to FIGs. 1 and 7, the present disclo-
sure accordingly provides a system 128 and a method
200 for adjusting airflow provided by the air circulation
module 118 to the enclosed habitation space 100.
[0100] The method 200 comprises obtaining 202, via
at least one sensor 130, 132, temperature variation data
indicative of spatial and/or temporal variation of temper-
ature in the enclosed habitation space 100. The method
200 further comprises generating 204 a control signal to
adjust the airflow provided by the air circulation module
118 based on the temperature variation data.
[0101] The spatial variation of temperature in the en-
closed habitation space 100 may correspond to the
above-described temperature gradient in the enclosed
habitation space 100. Such a temperature gradient can
also result from temporal variation of temperature, for
example caused by a heating element 102, e.g. radiator,
in the enclosed habitation space 100 being switched on
or off, or a set temperature of a central heating system
connected to the heating element 102 being changed,
as described above in relation to FIGs. 2 to 6.
[0102] By generating 204 the control signal to adjust
the airflow provided by the air circulation module 118
based on the temperature variation data indicative of the
spatial and/or temporal variation of temperature in the
enclosed habitation space 100, the air circulation module
118 can be operated to efficiently adjust the temperature
conditions experienced by an occupant 134 or occupants
of the enclosed habitation space 100.
[0103] This control can, for example, enable a body
height temperature in the enclosed habitation space 100
to be increased in a way that minimizes energy consump-
tion.
[0104] The system 128 comprises one or more proc-
essors 136 configured to implement the method 200 by
obtaining 202, via the at least one sensor 130, 132, the
temperature variation data indicative of spatial and/or
temporal variation of temperature in the enclosed habi-
tation space 100, and generating 204 the control signal
for adjusting the airflow provided by the air circulation
module 118 based on the temperature variation data.
[0105] Communication of sensory signals from the
sensor(s) 130, 132 to the processor(s) 136 is schemati-
cally represented in FIG. 1 by the arrows between the
blocks denoting the sensor(s) 130, 132 and the block
denoting the processor(s) 136.
[0106] This communication can be implemented in any
suitable manner, such as via a wired or wireless link be-
tween the sensor(s) 130, 132 and the processor(s) 136.
[0107] The processor(s) 136 can be included in the air
displacement appliance 120 and/or in an external device,
e.g. a smartphone, tablet computer and/or cloud-based
server, that is separate from the air displacement appli-

ance 120.
[0108] Alternatively or additionally, the processor(s)
136 may be in communication with further sensor(s)
and/or further air circulations system(s), for instance fur-
ther sensor(s) and/or further air circulations system(s) in
further enclosed habitation space(s), e.g. room(s).
[0109] Thus, the processor(s) 136 may, for instance,
be arranged to create more comfortable environments,
e.g. air temperatures at human body heights, within the
further enclosed habitation space(s) in addition to the
enclosed habitation space 100.
[0110] Alternatively or additionally, the processor(s)
136 may be in communication with, and thus may be
configured to control, further air displacement appli-
ance(s), such as air purification system-comprising air
displacement appliance(s), humidification and/or dehu-
midification system-comprising air displacement appli-
ance(s), fragrance emitting unit-comprising air displace-
ment appliance(s), etc.
[0111] In some embodiments, the system 128 includes
one or more user interfaces, for instance user interface(s)
included in the air displacement appliance 120 and/or in
an external device, e.g. a smartphone, tablet computer,
that is separate from the air displacement appliance 120.
[0112] Such user interface(s) may be configured to
communicate data to the user, for instance data relating
to the conditions in the enclosed habitation space 100,
and/or may be configured to receive user command(s)
for controlling the air displacement appliance(s) 120 and,
in some embodiments, the heating system connected to
the heating element 102.
[0113] To this end, the processor(s) 136 may receive
the user command(s) and control the air displacement
appliance(s) 120, and optionally the heating system,
based on the user command(s).
[0114] More generally, the at least one sensor 130,
132 can be of any suitable type provided that the tem-
perature variation data can be provided or derived from
sensory signals generated by the at least one sensor
130, 132.
[0115] In some embodiments, the at least one sensor
130, 132 comprises a temperature sensor, e.g. a ther-
mocouple.
[0116] Alternatively or additionally, the at least one
sensor 130, 132 may comprise a humidity sensor.
[0117] In some embodiments, the at least one sensor
130, 132 may detect temperature and humidity. For ex-
ample, the at least one sensor 130, 132 may include, or
be, a relative humidity sensor that detects temperature
and humidity.
[0118] The temperature sensor can be regarded as a
sensor whose sensory signal, e.g. voltage signal, gen-
eration is directly responsive to a temperature in the en-
closed habitation space 100.
[0119] The relative humidity sensor can be regarded
as a sensor whose sensory signal, e.g. voltage signal,
generation is directly responsive to a relative humidity in
the enclosed habitation space 100.
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[0120] In some embodiments, the at least one sensor
130, 132 is included in, e.g. is supplied to the user as
part of, the system 128.
[0121] The at least one sensor 130, 132 may include
one or more remote sensors (not visible) spatially re-
moved from the air displacement appliance 120 but in
communication with the processor(s) 136 so that the
processor(s) 136 is or are able to obtain the temperature
variation data via the one or more remote sensors.
[0122] Such remote sensor(s) may be positionable in
the enclosed habitation space 100 in location(s) in the
enclosed habitation space 100 that facilitate obtaining of
the temperature variation data, and also monitoring of
the effect of the air circulation module 118 on the spatial
and/or temporal temperature variation in the enclosed
habitation space 100.
[0123] Alternatively or additionally, the at least one
sensor 130, 132 may comprise a sensor included in, e.g.
integrated into, the air displacement appliance 120.
[0124] In embodiments in which the air displacement
appliance 120 includes an air purification system, the at
least one sensor may include a temperature sensor that
is included in an air pollutant level sensing system for
providing temperature dependence correction of a pol-
lutant-related signal response.
[0125] More generally, the systems 128 and methods
200 of the present disclosure may employ sensing func-
tionality that is already incorporated into the air displace-
ment appliance 120.
[0126] In some embodiments, such as that shown in
FIG. 1, the at least one sensor 130, 132 comprises a first
sensor 130 arranged at a height in the enclosed habita-
tion space 100, and a second sensor 132 arranged at a
further height in the enclosed habitation space 100, with
the height and the further height being different from each
other.
[0127] In such embodiments, the temperature varia-
tion data obtained via the first sensor 130 and the second
sensor 132 may be indicative of a temperature difference
between at the height and at the further height.
[0128] Thus, the first and second sensors 130, 132
may assist to provide data indicative of a temperature
gradient along a height dimension, in other words be-
tween the floor 104 and the ceiling 106, of the enclosed
habitation space 100. This may provide a particularly re-
liable basis on which to adjust the airflow provided by the
air circulation module 118.
[0129] In some embodiments, the control signal may
increase the airflow based on the temperature difference
between at the height and at the further height equaling
or exceeding a given, e.g. predetermined, threshold.
[0130] Thus, greater air circulation may be provided to
reduce the temperature gradient along the height dimen-
sion in the enclosed habitation space 100.
[0131] Alternatively or additionally, the control signal
may decrease the airflow based on the temperature dif-
ference between at the height and at the further height
equaling or being below a further given, e.g. predeter-

mined, threshold.
[0132] Thus, lower air circulation, for instance no air
circulation, may be provided by the air circulation module
118 should this be warranted by the temperature differ-
ence being sufficiently low. This may assist to reduce
energy consumption.
[0133] In some embodiments, such as that shown in
FIG. 1, the first and second sensors 130, 132 are mount-
ed at different heights relative to each other on the air
displacement appliance 120.
[0134] Thus, the mounting of the first and second sen-
sors 130, 132 at the height and at the further height re-
spectively may be implemented simply by the mounting
of the first and second sensors 130, 132 in the air dis-
placement appliance 120. This may provide a particularly
reliable basis on which to adjust the airflow provided by
the air circulation module 118, especially in the case of
relatively tall air displacement appliances 120.
[0135] In such embodiments, one of the first and sec-
ond sensors 130, 132 may be mounted at or proximal to
a top of the air displacement appliance 120 when the air
displacement appliance 120 is orientated for use, with
the other of the first and second sensors 132, 130 being
mounted at or proximal to a bottom of the air displace-
ment appliance 120.
[0136] The term "proximal to a top of the air displace-
ment appliance 120" may mean that the respective sen-
sor 130, 132 is closer to the top of the air displacement
appliance 120 than to the bottom of the air displacement
appliance 120.
[0137] For example, the sensor of the first and second
sensors 130, 132 that is mounted proximal to the top of
the air displacement appliance 120 may be mounted at
most 10 cm, e.g. about 5 cm, below the top of the air
displacement appliance 120.
[0138] The term "proximal to a bottom of the air dis-
placement appliance 120" may mean that the respective
sensor 130, 132 is closer to the bottom of the air dis-
placement appliance 120 than to the top of the air dis-
placement appliance 120.
[0139] For example, the sensor of the first and second
sensors 130, 132 that is mounted proximal to the bottom
of the air displacement appliance 120 may be mounted
at most 10 cm, e.g. about 3 cm, above the bottom of the
air displacement appliance 120.
[0140] The at least one sensor 130, 132 may be mount-
ed at location(s) of the air displacement appliance 120
other than at/proximal to the top and at/proximal to the
bottom of the air displacement appliance 120. For exam-
ple, the at least one sensor 130, 132 may be mounted
at/proximal to the front side and/or at/proximal to the back
side of the air displacement appliance 120.
[0141] Irrespective of whether the at least one sensor
130, 132 is mounted at/proximal to the front side, back
side, top and/or bottom of the air displacement appliance
120, the at least one sensor 130, 132 may be mounted
outside and/or inside the air displacement appliance 120.
[0142] In some embodiments, such as that shown in
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FIG. 1, the air displacement appliance 120 includes a
heating element-facing portion for facing, in use, the
heating element 102 provided in the enclosed habitation
space 100.
[0143] Such a heating element-facing portion can be
indicated in any suitable manner. In some embodiments,
the heating element-facing portion is indicated by a sign
provided on the air displacement appliance 120 and/or
in instructions provided for the air displacement appli-
ance 120.
[0144] In such embodiments, the at least one sensor
130, 132 may include a sensor 132 mounted at the heat-
ing element-facing portion.
[0145] In embodiments in which the at least one sensor
130, 132 includes the first sensor 130 and the second
sensor 132, the sensor mounted at the heating element-
facing portion may be included in, e.g. define, the first
sensor 130 or the second sensor 132.
[0146] In some embodiments, such as that shown in
FIG. 1, the sensor 132 mounted at the heating element-
facing portion may be included in, e.g. define, the sensor
of the first and second sensors 130, 132, mounted at an
elevated position relative to the other of the first and sec-
ond sensors 132, 130.
[0147] In other words, the elevated sensor 132 may be
directed towards the heating element 102. This may be
a particularly suitable arrangement in the scenario that
the heating element 102 is a wall-mounted heating ele-
ment 102, e.g. radiator.
[0148] In alternative embodiments (not visible), the
sensor mounted at the heating element-facing portion
may be included in, e.g. define, the sensor of the first and
second sensors 130, 132, mounted at a lower position
relative to the other of the first and second sensors 132,
130.
[0149] This may be a particularly suitable arrangement
in the scenario that the heating element 102 is a floor
heating element of a floor heating system.
[0150] It is noted that the air circulation module 118 is
preferably located in the enclosed habitation space 100
proximal to the heating element 102, for example within
50 cm, e.g. about 20 cm, from the heating element 102,
e.g. radiator.
[0151] In some embodiments, the at least one sensor
130, 132 is a single sensor.
[0152] Such a single sensor can nonetheless be used
to obtain the temperature variation data.
[0153] In some embodiments, the temperature varia-
tion data is indicative of a rate of change of temperature
in the enclosed habitation space 100. Such temperature
variation data is obtainable, for instance, via the single
sensor. Alternatively, the temperature variation data in-
dicative of a rate of change of temperature in the enclosed
habitation space 100 is obtainable via more than one
sensor included in the at least one sensor 130, 132.
[0154] In such embodiments, the control signal may
increase the airflow based on the rate of change of tem-
perature equaling or exceeding a given, e.g. predeter-

mined, threshold.
[0155] Thus, greater air circulation may be provided to
reduce the temperature gradient indicated by, e.g. pre-
dictable via, the elevated rate of change of temperature.
[0156] For example, the control signal increases the
airflow, e.g. so as to operate the air circulation module
118 in a more powerful mode, if the temperature variation
data obtained using the at least one sensor 130, 132,
e.g. the first sensor 130 and/or the second sensor 132,
indicates a relatively rapid increase in temperature in the
enclosed habitation space 100, for example by more than
1°C within 5 to 10 minutes, e.g. by more than 1°C within
5 or 10 minutes.
[0157] Alternatively or additionally, the control signal
may decrease the airflow based on the rate of change of
temperature equaling or being below a further given, e.g.
predetermined, threshold.
[0158] Thus, lower airflow, for instance no airflow, may
be provided by the air circulation module 118 should this
be warranted by the rate of change of temperature being
sufficiently low. This may assist to reduce energy con-
sumption.
[0159] For example, the control signal decreases the
airflow, e.g. so as to operate the air circulation module
118 in a less powerful mode or to deactivate the air cir-
culation module 118, if the temperature variation data
obtained using the at least one sensor 130, 132, e.g. the
first sensor 130 and/or the second sensor 132, indicates
stabilization of the temperature in the enclosed habitation
space 100.
[0160] Such stabilization is, for example, indicated by
the temperature changing by less than 1°C during 20 to
40 minutes, e.g. by less than 1°C within 20 or 40 minutes.
[0161] In embodiments in which the air circulation mod-
ule 118 is included in an air displacement appliance 120
having an air purification system, the adjusted airflow pro-
vided as a result of the temperature variation data-based
control signal may be provided, e.g. may continue, irre-
spective of maintenance or improvement of air quality,
for instance as determined via a sensed particulate mat-
ter level and/or CO2 level and/or formaldehyde level
and/or other gaseous pollutant level, in the enclosed hab-
itation space 100.
[0162] For example, the processor(s) 136 may be con-
figured to control the air circulation module 118 to main-
tain the airflow based on the temperature variation data
irrespective of the processor(s) receiving air quality data
indicative of air quality in the enclosed habitation space
100 being such as to justify, without accounting for the
temperature variation data, decreasing the airflow.
[0163] Thus, the air circulation module 118 may be
controlled to continue operating in, for instance, a more
powerful operation mode even if the air quality reaches
an acceptable level, e.g. as determined by a particulate
matter level and/or CO2 level and/or formaldehyde level
and/or other gaseous pollutant level having a sufficiently
low value, that would require no further purification of the
air in the enclosed habitation space 100.
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[0164] This operation of the air circulation module 118
may be continued until, for instance, the at least one sen-
sor 130, 132, e.g. the first sensor 130 and/or the second
sensor 132, indicates stabilization of the temperature in
the enclosed habitation space 100.
[0165] Such stabilization is, for example, indicated by
the temperature changing by less than 1°C during 20 to
40 minutes.
[0166] In some embodiments, the air circulation mod-
ule 118 is controlled to provide an airflow different from
that initially provided based on the temperature variation
data based on one or more of the following: when sub-
sequent temperature variation data is indicative of a tem-
perature gradient in the enclosed habitation space 100
stabilizing or starting to decrease; after a set time, e.g.
from starting the initially provided airflow; based on sen-
sory data indicating that occupants 134 have left the en-
closed habitation space 100; and based on data from air
pollutant sensor(s).
[0167] In some embodiments, the air circulation mod-
ule 118 is controlled to provide a more powerful airflow,
relative to that initially provided based on the temperature
variation data, based on data from air pollutant sensor(s).
[0168] The air circulation module 118 can have any
suitable design provided that the airflow, in other words
active airflow, provided by the air circulation module 118
can be adjusted by the control signal, e.g. to increase
and/or decrease circulation in the enclosed habitation
space 100.
[0169] In some embodiments, the air circulation mod-
ule 118 comprises a fan 138 whose rotation provides the
airflow.
[0170] The fan 138 can be driven by a motor 140 that
is also included in the air circulation module 118. In such
embodiments, the motor 140 may be controlled by the
control signal to increase and/or decrease the rotational
speed of the fan 138 in order to increase and/or decrease
the airflow provided by the air circulation module 118.
[0171] Communication of the control signal from the
processor(s) 136, generated based on the temperature
variation data, to the air circulation module 118 is sche-
matically represented in FIG. 1 by the arrow between the
block denoting the processor(s) 136 and the block de-
noting the motor 140.
[0172] This communication can be implemented in any
suitable manner, such as via a wired or wireless link be-
tween the processor(s) 136 and the air circulation module
118, e.g. between the processor(s) 136 and the motor
140.
[0173] As an alternative or in addition to the fan-com-
prising air circulation module 118, the air circulation mod-
ule 118 may include a module configured to create an
airflow by means of ionizing and accelerating air compo-
nents in an electrostatic field.
[0174] Such a module may be regarded as implement-
ing so-called "ionic wind technology".
[0175] The airflow generated by the air circulation mod-
ule 118, irrespective of how it is provided, may, for in-

stance, be generated between an air inlet 142 and an air
outlet 144 of the air displacement appliance 120.
[0176] Any suitable spatial arrangement of the air inlet
142 and the air outlet 144 can be contemplated. In some
embodiments, such as that shown in FIG. 1, the air inlet
142 is arranged at a side of the air displacement appli-
ance 120, with the air outlet 144 being arranged at the
top of the air displacement appliance 120.
[0177] More generally, the air displacement appliance
120 can be any type of air displacement appliance 120.
In some embodiments, such as that shown in FIG. 1, the
air displacement appliance 120 comprises an air purifi-
cation system 146 arranged to purify air in the enclosed
habitation space 100.
[0178] In such embodiments, the air circulation module
118 may cooperate with the air purification system 146
such that the airflow provided into the enclosed habitation
space 100 is purified by the air purification system 146.
[0179] The air purification system 146 may include one
or more purification modules configured to remove par-
ticulate and/or gaseous pollutants from the air.
[0180] Such purification modules may use one or more
technologies that are known to the skilled person, such
as one or more of the following: HEPA filter(s); electro-
static precipitator(s); ionizer(s); activated carbon filter(s),
e.g. activated carbon filter(s) containing chemical addi-
tive(s); gas adsorption and/or conversion filter(s) that
contain non-activated carbon material(s), such as metal
oxide catalysts, and noble metal catalysts, silicas and/or
zeolites; photocatalytic oxidation module(s), e.g. photo-
catalytic oxidation modules that contain UV- or visible-
light source(s); plasma unit(s); and aerosol inactivation
module(s) that generate far-UV, UV-C or radiation from
other wavelengths.
[0181] It is noted that whilst power consumption from
some of the above-mentioned modules might generate
minor heat, these modules are clearly not intended to
increase the air temperature in the enclosed habitation
space 100.
[0182] In some embodiments, the air purification sys-
tem 146 includes, e.g. in addition to one or more of the
above-mentioned purification modules, one or more of
the following: sensor(s) configured to measure the levels
of PM1, PM2.5, PM10, formaldehyde, BTX, TVOC, NO2,
CO2 and/or other air pollutants known to the skilled per-
son; sensor(s) configured to measure the presence of
person(s) in the enclosed habitation space 100, e.g. by
detecting movement, sound, vibrations, CO2 levels, etc.;
automatic mode(s) that respond to pollutant levels in in-
door and/or outdoor air; a dehumidification module; and
a humidification module.
[0183] As an alternative or in addition to the air dis-
placement appliance 120 including the air purification
system 146, the air displacement appliance 120 may in-
clude one or more of an air humidification system ar-
ranged to humidify air in the enclosed habitation space
100; an air dehumidification system arranged to dehu-
midify air in the enclosed habitation space 100; and a
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fragrance emitting unit arranged to emit fragrance into
the enclosed habitation space 100.
[0184] In embodiments in which the air displacement
appliance 120 includes the air humidification system
and/or the air dehumidification system, the air circulation
module 118 may cooperate with the air humidification
system and/or the air dehumidification system such that
the airflow provided into the enclosed habitation space
100 is humidified or dehumidified.
[0185] For an air displacement appliance 120 including
a humidification system, the humidification system may
be controlled, together with the air circulation module
118, to humidify the airflow based on the temperature
variation data.
[0186] The air circulation module 118 may, in such a
humidification system-comprising air displacement ap-
pliance 120, create an airflow over a water or wetted sur-
face in order to evaporate water. The thus evaporated
water may be carried by the airflow into the enclosed
habitation space 100. The air circulation module 118 may
alternatively humidify the air using alternative technolo-
gies, such as via ultrasonic nebulizers.
[0187] The temperature variation data may provide an
additional advantage in the case of the air displacement
appliance 120 including such a humidification system,
since activating the humidification system based on the
temperature variation data, e.g. when the detected tem-
perature increases or stabilizes, may assist to prevent
that the humidification lowers the air temperature to un-
comfortable levels. This is because the automatic control
based on the temperature variation data may stop or de-
crease the airflow, and as a consequence also the water
evaporation, if the air temperature stabilizes or starts to
decrease.
[0188] In embodiments in which the air displacement
appliance 120 includes the fragrance emitting unit, the
air circulation module 118 may cooperate with the fra-
grance emitting unit such that airflow provided into the
enclosed habitation space 100 contains the fragrance.
[0189] More generally, the air displacement appliance
120 may be equipped with the sensor(s) 130, 132 even
though it may not necessarily contain active cooling or
heating elements or an air humidification system which
can influence the air temperature in the enclosed habi-
tation space 100.
[0190] In a non-limiting example, an air displacement
appliance 120 in the form of a Philips AC3033 air purifier
was equipped with first and second temperature sensors
130, 132 that were attached to the outside of the air dis-
placement appliance 120. A first temperature sensor 130
was positioned 3 cm above the bottom of the air displace-
ment appliance 120, and a second temperature sensor
132 was positioned 5 cm below the top of the air dis-
placement appliance 120.
[0191] The second temperature sensor 132 was posi-
tioned on a heating element-facing portion of the air dis-
placement appliance 120, which heating element-facing
portion faced the only heating element 102 provided in

the enclosed habitation space 100.
[0192] The first temperature sensor 130 was posi-
tioned on a portion of the air displacement appliance op-
posite to the heating element-facing portion.
[0193] The heating element 102 was a radiator con-
nected to a central heating system. In common with the
examples described above in relation to FIGs. 2 to 6, the
enclosed habitation space 100 was in the form of a nat-
urally ventilated room, measuring 2.7 m x 2.8 m x 3.4 m,
with closed windows and doors.
[0194] The air displacement appliance 120 was placed
20 cm in front of the heating element 102 in the form of
the radiator, and, referring to FIG. 8, the air circulation
module 118 of the air displacement appliance 120 was
switched off between -60 and 30 minutes, switched on
to "Speed 1" at 30 to 180 minutes, and switched off be-
tween 180 and 300 minutes. Moreover, the central heat-
ing system was set to control the temperature of the en-
closed habitation space 100 to 20°C between 0 and 275
minutes, and to 16°C between 275 and 300 minutes.
[0195] Graphs 110D, 112D, 148D, 150D in FIG. 8 re-
spectively plot temperatures at the first height 110 and
2.5 m away from the heating element 102, the second
height 112 and 2.5 m away from the heating element
102, the position of the first temperature sensor 130, and
the position of the second temperature sensor 132 vs
time.
[0196] It was observed that when the radiator 102 heat-
ed up, after the set temperature of the central heating
system was increased, the temperature at the position
of the second temperature sensor 132 increased by
about 1°C in 10 minutes, and by about 5°C within 30
minutes, with this temperature change strongly correlat-
ing with the temperature at the first height 110 near the
ceiling 106, as shown in FIG. 9. This demonstrates that
positioning a sensor at or proximal to the top of the air
displacement appliance 120 can provide a way of detect-
ing conditions that increase the risk of higher temperature
gradients in the enclosed habitation space 100.
[0197] A linear regression 152 is shown in FIG. 9,
whose equation is y = 1.7598x - 14.669; R2 = 0.9411.
[0198] Similarly to the illustrative examples described
above with reference to FIGs. 2 to 6, switching on the air
circulation module 118 at 30 minutes reduced the tem-
perature gradient in the enclosed habitation space 100,
whereas the gradient was observed to increase after the
air circulation module 118 was switched off at 180 min-
utes. This can be clearly seen in FIG. 10, which plots the
difference between the temperatures at the first and sec-
ond heights 110, 112 vs time over the monitoring period
described above in relation to FIGs. 8 and 9.
[0199] It is noted that in enclosed habitation spaces
100 with active floor heating systems, the first tempera-
ture sensor 130 positioned at or proximal to the bottom
of the air displacement appliance 120 may show a larger
and faster temperature change. In that case, the auto-
matic adjustment of the air circulation module 118 pro-
vided by the control signal generated by the processor(s)
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136 may be more likely to be based on, e.g. triggered by,
sensory signals from the first temperature sensor 130.
[0200] These experimental results indicate that the air
circulation module 118 may increase the air temperature
at body height in the enclosed habitation space 100. The
testing was carried out at the end of the spring period
(April 30 - May 4), and the increase in the air temperature
at body height was about 1°C.
[0201] It is once again noted that the precise extent of
the body height air temperature adjustment may depend
on various factors, such as central heating system set-
tings, room height, room volume, airflow rate provided
by the air circulation module 118, and outdoor weather
conditions, such as outdoor temperature, wind strength
and wind direction.
[0202] More generally, adjustment of the airflow pro-
vided by the air circulation module 118 based on the tem-
perature variation data may be identified at a laboratory
with equipment that is used for common air purifier per-
formance tests as described in standards like GB T
18801-2015 or ANSI-AHAM-AC-1. The identification
may involve verifying if a given system 128 or air dis-
placement appliance 120 includes a sensor or sensors
130, 132 that can be used to obtain the temperature var-
iation data, such as a temperature sensor and/or a rela-
tive humidity sensor. If so, the system 128 or air displace-
ment appliance 120 may be arranged next to a heating
element 102, e.g. in the form of a radiator, in a test cham-
ber, and tested by closing the test chamber, removing
air pollutants via standard procedures, switching on the
heating element 102, monitoring that pollutant levels do
not change, and subsequently checking if the operation
of the heating element 102 triggers the air circulation
module 118 to switch to provide a more powerful airflow.
[0203] The above test can be carried out in 30 m3 test
chambers that are used for air purifier performance tests
according to Chinese testing standards (and similar tests
according to US and upcoming IEC standards).
[0204] The present disclosure can be applied, for ex-
ample, in control of portable air purifiers for residential
spaces, classrooms, offices and similarly sized indoor
spaces; in control of air purifiers with a humidification
module for the same indoor spaces; in fan-based humid-
ifiers for the same indoor spaces that do not contain air
purification modules; and fans for the same indoor spac-
es that do not purify nor humidify the air.
[0205] It is noted that the one or more processors 136
can be implemented in numerous ways, with software
and/or hardware, to perform the various functions re-
quired. The processor(s) 136 may, for example, employ
one or more microprocessors programmed using soft-
ware (e.g., microcode) to perform the required functions.
Examples of processor components that may be em-
ployed in various embodiments of the present disclosure
include, but are not limited to, conventional microproc-
essors, application specific integrated circuits (ASICs),
and field-programmable gate arrays (FPGAs).
[0206] In various implementations, the one or more

processors 136 may be associated with one or more stor-
age media such as volatile and non-volatile computer
memory such as RAM, PROM, EPROM, and EEPROM.
The storage media may be encoded with one or more
programs that, when executed on one or more proces-
sors 136 and/or controllers, perform the required func-
tions. Various storage media may be fixed within a proc-
essor or controller or may be transportable, such that the
one or more programs stored thereon can be loaded into
the one or more processors 136.
[0207] Variations to the disclosed embodiments can
be understood and effected by those skilled in the art in
practicing the claimed invention, from a study of the draw-
ings, the disclosure and the appended claims. In the
claims, the word "comprising" does not exclude other el-
ements or steps, and the indefinite article "a" or "an" does
not exclude a plurality.
[0208] A single processor or other unit may fulfill the
functions of several items recited in the claims.
[0209] The mere fact that certain measures are recited
in mutually different dependent claims does not indicate
that a combination of these measures cannot be used to
advantage.
[0210] A computer program may be stored/distributed
on a suitable medium, such as an optical storage medium
or a solid-state medium supplied together with or as part
of other hardware, but may also be distributed in other
forms, such as via the Internet or other wired or wireless
telecommunication systems.
[0211] If the term "adapted to" is used in the claims or
description, it is noted the term "adapted to" is intended
to be equivalent to the term "configured to".
[0212] Any reference signs in the claims should not be
construed as limiting the scope.

Claims

1. A method (200) for adjusting airflow provided by an
air circulation module (118) to an enclosed habitation
space (100), the method comprising:

obtaining (202), via at least one sensor (130,
132), temperature variation data indicative of
spatial and/or temporal variation of temperature
in the enclosed habitation space;and
generating (204), based on the temperature var-
iation data, a control signal for controlling the air
circulation module to adjust the airflow.

2. The method (200) according to claim 1, wherein the
temperature variation data is indicative of a rate of
change of temperature in the enclosed habitation
space (100).

3. The method (200) according to claim 2, wherein the
control signal increases the airflow based on the rate
of change of temperature equaling or exceeding a
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given threshold.

4. The method (200) according to any one of claims 1
to 3, wherein the at least one sensor (130, 132) com-
prises a first sensor (130) arranged at a height in the
enclosed habitation space (100), and a second sen-
sor (132) arranged at a further height in the enclosed
habitation space, the height and the further height
being different from each other, and wherein the tem-
perature variation data is indicative of a temperature
difference between at the height and at the further
height.

5. The method (200) according to claim 4, wherein the
control signal increases the airflow based on the tem-
perature difference equaling or exceeding a given
threshold.

6. A system (128) for adjusting airflow provided by an
air circulation module (118) to an enclosed habitation
space (100), the system comprising one or more
processors (136) configured to:

obtain, via at least one sensor (130, 132), tem-
perature variation data indicative of spatial
and/or temporal variation of temperature in the
enclosed habitation space (100); and
generate, based on the temperature variation
data, a control signal for controlling the air cir-
culation module to adjust the airflow; optionally
wherein the system further comprises the at
least one sensor.

7. The system (128) according to claim 6, wherein the
temperature variation data is indicative of a rate of
change of temperature in the enclosed habitation
space (100).

8. The system (128) according to claim 7, wherein the
control signal increases the airflow based on the rate
of change of temperature equaling or exceeding a
given threshold.

9. The system (128) according to any one of claims 6
to 8, wherein the at least one sensor (130, 132) com-
prises a first sensor (130) arranged at a height in the
enclosed habitation space (100), and a second sen-
sor (132) arranged at a further height in the enclosed
habitation space, the height and the further height
being different from each other, and wherein the tem-
perature variation data is indicative of a temperature
difference between at the height and at the further
height; optionally wherein the control signal increas-
es the airflow based on the temperature difference
equaling or exceeding a given threshold.

10. An air displacement appliance (120) comprising:

an air circulation module (118) for providing an
airflow to an enclosed habitation space (100);
and
the system (128) according to any one of claims
6 to 9, the system being configured to generate,
based on the temperature variation data, the
control signal for controlling the air circulation
module to adjust the airflow.

11. The air displacement appliance (120) according to
claim 10, wherein the system (128) is according to
claim 9 or claim 10, and wherein the first sensor (130)
is mounted on the air displacement appliance at a
first position, and the second sensor (132) is mount-
ed on the air displacement appliance at a second
position different from the first position, the first and
second heights being different from each other due
to a difference in height between the first and second
positions.

12. The air displacement appliance (120) according to
claim 10 or claim 11, wherein the air displacement
appliance has a heating element-facing portion for
facing, in use, a heating element (102) provided in
the enclosed habitation space (100), wherein the at
least one sensor (130, 132) comprises a sensor
(132) mounted at the heating element-facing portion.

13. The air displacement appliance (120) according to
any one of claims 10 to 12, further comprising one
or more of:

an air purification system (146) arranged to pu-
rify air in the enclosed habitation space (100);
an air humidification system arranged to humid-
ify air in the enclosed habitation space;
an air dehumidification system arranged to de-
humidify air in the enclosed habitation space;
and
a fragrance emitting unit arranged to emit fra-
grance into the enclosed habitation space.

14. The air displacement appliance (120) according to
claim 13, wherein the air displacement appliance
comprises the air purification system, and wherein
the system (128) for adjusting airflow provided by
the air circulation module (118) is configured such
that the adjusted airflow, provided as a result of the
temperature variation data-based control signal, is
provided irrespective of the need to maintain or im-
prove indoor air quality as determined via at least
one of a sensed particulate matter level, a CO2 level,
a formaldehyde level and/or other gaseous pollutant
level in the enclosed habitation space (100).

15. A computer program comprising computer program
code which is configured, when said computer pro-
gram is run on one or more processors (136), to
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cause said one or more processors to implement the
method (200) of any of claims 1 to 5.
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