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Extractor unit

Field of the invention
The present invention relates to extractor units for containing and/or extracting waste
gases from the cooking region, such as a cooktop or similar.

Background to the invention

Cook tops which are used for heating and cooking food and saucepans, fry pans and
the like produced waste gases in the form of steam and other gases laden with food
particles and smells.

To keep the kitchen clean and to prevent smells from emanating through the kitchen,
extractor units are typically used. They use a fan to create an airflow to suck the
waste gases (cooking effluent) into a duct an expel them through an exhaust to

ambient air.

However, such extractor units are only partially effective. Not all waste gases are
captured by the extractor unit. Some waste gases can still escape from the cooktop

Summary of invention

it is an object of the invention to provide an extractor unit that provides an air curtain
to improve containment and/or extraction of waste gases from a cooktop or other
region producing waste gases.

In one aspect the present invention may be said to comprise an extractor unit
comprising: at least one fan for creating: an extraction airflow, and an air curtain
airflow, an extractor duct for the extraction airflow for extracting waste gases from a
region, a hood coupled to the duct for receiving the air curtain airflow from the fan
and expelling an air curtain to envelop the region, and an inlet coupled to the
extractor duct and above the cooking region for receiving waste gases from the region
and passing them to the extractor duct.

Optionally the hood comprises a plenum with an inlet opening for receiving air curtain
airflow from the air curtain fan and an outlet for expelling the air curtain to the region.

Optionally the outlet comprises a slot around at least part of the perimeter of the
plenum and lips around the slot for directing the air curtain.
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Optionally the hood has a plenum and slotted outlet at least partially around the
perimeter of the hood for expelling the air curtain, and a deflector on proximate the
slotted outlet to direct the air curtain.

Optionally the deflector and/or slot extend at least partially to the back of the hood.

Optionally there are at least two fans, a first exhaust fan for creating the extraction

airflow and a second air curtain fan for creating the air curtain airflow.

Optionally the exhaust fan and the air curtain fan are disposed in the extractor duct
housing.

Optionally the plenum with an inlet opening receives air curtain airflow from the air
curtain fan and an outlet for expelling the air curtain to the region.

Optionally, the inlet comprises an aerofoil cross-section to form one at least one

circulating current with the extraction airflow, air curtain airflow and/or waste gases.

Optionally the inlet is U-shaped with three aerofoil inlet sections positioned around the

region.

Optionally the region as a cooking region of a cooktop.

Optionally the hood comprises a deflector to guide flow (from convection and/or

turbulent airflows) downwards.

Optionally the convection current mixes air from the air curtain, extraction airflow and

the waste gases.

Optionally the inlet comprises a filter formed of alternating and overlapping elongated

extrusions with curved cross sections.

Optionally there is a single fan for creating an extraction airflow and an air curtain
airflow, wherein extraction airflow through the fan is filtered and recirculated into the

air curtain flow.
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Optionally the deflector and/or slot extend at least partially to the back of the hood.
Optionally, the deflector can extend all the way (that is, completely) around the hood.

Optionally the deflector is positioned around the hood, or within the hood.

Optionally the plenum comprises two chambers, optionally separated by a baffle that
is optionally movable.

Optionally the plenum comprises a baffle that goes at least partially across or through
the plenum, and optionally goes entirely through the plenum.

Optionally the extractor unit further comprises secondary baffles that extend from the
baffle.

Optionally the extractor unit further comprises a controller for operating the fan to
control the air velocity and flow rate of air curtain exiting the slotted outlet.

Optionally the controller controls the air velocity and the flow rate of the air curtain to
be within a certain range and/or the ratio between them to be in a certain range.

Optionally the controller operates the fan to control the extraction airflow.

Optionally the extractor unit further comprises one or more sensors or other means
positioned at a suitable location to determine the existence, magnitude and/or
direction of cross-flow, wherein the extractor unit is configured so that the air curtain
exit velocity/flow rate through different parts of the air curtain slot are controlled to
create airflows to counteract/compensate for the cross-flow.

Optionally the extractor is configured, through structure and/or control of operation,
to:
e provide a flow rate of the air curtain to a desired ratio of the flow rate of
extraction airflow to improve performance, and/or
e provide an air velocity of the air curtain to between a desired range to improve
performance, and/or
« provide the air velocity of the air curtain as a desired percentage of the

extraction rate to improve performance, and/or



10

15

20

25

30

35

WO 2020/202012 PCT/1IB2020/053068

provide an exit velocity of the air curtain across the slot to reduce the
variability of the exit velocity across the slot.

Optionally

the flow rate of the air curtain is between about 6-12% and preferably 9% of
that of the flow rate of extraction airflow, and/or

the air velocity of the air curtain measured at 57mm is between about 1.1m/s
and 2m/s, and/or

the air velocity of the air curtain measured at 57mm as a percentage of the
extraction rate is between about 12% to 17% of the extraction flow rate, or
between about 10% to 20%, or between about 5% to 25%.

In another aspect the present invention may be said to comprise a method of

controlling an extractor unit that:

provides a flow rate of the air curtain to a desired ratio of the flow rate of
extraction airflow to improve performance, and/or

provides an air velocity of the air curtain to between a desired range to
improve performance, and/or

provides the air velocity of the air curtain as a desired percentage of the
extraction rate to improve performance, and/or

provides an exit velocity of the air curtain across the slot to reduce the
variability of the exit velocity across the slot.

In another aspect the present invention may be said to comprise an extractor unit

comprising: at least one fan for creating: an extraction airflow, and an extractor duct

for the extraction airflow for extracting waste gases from a region, a hood coupled to

the duct with a deflector, and an inlet coupled to the extractor duct and above the

cooking region for receiving waste gases from the region and passing them to the

extractor duct.

Optionally the deflector is positioned around the hood, or within the hood.

Optionally the depth (recess) of the deflector is between about 10mm and about

50mm, and preferably between about 20mm and about 40mm.
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Optionally the angle of the deflector relative to the hood is between about 5 and about
20 degrees, and preferably between about 10 and about 15 degrees.

Optionally the deflector is positioned and/or extends at least along three sides, and
preferably along four sides of the hood.

Optionally the deflector shape is recessed in the hood and optionally positioned as far
as possible to the edge of the hood to enlarge the effective envelope of the hood.

In another aspect the present invention may be said to comprise an extractor unit for
reducing cross flow comprising: at least one fan for creating: an extraction airflow,
and an extractor duct for the extraction airflow for extracting waste gases from a
region, a hood coupled to the duct, an inlet coupled to the extractor duct and above
the cooking region for receiving waste gases from the region and passing them to the
extractor duct, and one or more sensors or other means positioned at a suitable
location to determine the existence, magnitude and/or direction of cross-flow, wherein
the extractor unit is configured so that the air curtain exit velocity/flow rate through
different parts of the air curtain slot are controlled to create airflows to
counteract/compensate for the cross-flow.

In another aspect the present invention may be said to comprise an extractor unit for
reducing cross flow comprising: at least one fan for creating: an extraction airflow,
and air curtain airflow, an extractor duct for the extraction airflow for extracting waste
gases from a region, a hood coupled to the duct, an inlet coupled to the extractor duct
and above the cooking region for receiving waste gases from the region and passing
them to the extractor duct, wherein the extractor unit is configured to control the
extraction airflow and/or air curtain airflow to maintain balance in air flow or at least

reduce imbalance in air flow.

Optionally the imbalance in air flow is cross-flow due to environmental and/or
operational factors, and to maintain balance in air flow or at least reduce imbalance in

air flow comprises eliminating cross-flow or at least reducing cross-flow.

Optionally the extractor unit is configured to determine, and/or configured with
information of, the existence, magnitude, and/or direction of cross-flow.
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Optionally to eliminate cross-flow or at least reduce cross-flow the extractor unit is
configured so that the air curtain exit velocity/flow rate through different parts of an
air curtain outlet are controlled to create airflows to counteract/compensate for the

cross-flow.

Optionally the extractor unit further comprises one or more sensors or other means
positioned at a suitable location to and/or a controller determine the existence,
magnitude and/or direction of cross-flow.

Optionally the one or more sensors or other means are one or more of:

+ flow sensor

e camera

e cooktop sensor to sense operation of the cook top
e movement sensor

e smoke sensor

e IR sensor

Optionally the extractor unit further comprises a controller configured with information
of the existence, magnitude and/or direction of cross-flow.

Optionally the extraction unit further comprises a user interface to enter the
information; optionally where the information could be one or more of: existence,
magnitude and/or direction of cross-flow, and/or information from which existence,

magnitude and/or direction of cross-flow can be determined.

Optionally balance or imbalance of air flow is static or dynamic, and determination
and/or information of the balance or imbalance of airflow is:

e generated once, e.g. during calibration
« dynamically throughout operation of the extractor unit.

In another aspect the present invention may be said to comprise an extractor unit
comprising: at least one fan for creating: an extraction airflow, and an air curtain
airflow, an extractor duct for the extraction airflow for extracting waste gases from a
region, a hood coupled to the duct for receiving the air curtain airflow from the fan
and expelling an air curtain to envelop the region, and an inlet coupled to the
extractor duct and above the cooking region for receiving waste gases from the region
and passing them to the extractor duct wherein the hood has a plenum and slotted
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outlet at least partially around the perimeter of the hood for expelling the air curtain,
and a deflector on proximate the slotted outlet to direct the air curtain.

In another aspect the present invention may be said to comprise an extractor unit
comprising: at least one fan for creating: an extraction airflow, and an extractor duct
for the extraction airflow for extracting waste gases from a region, a hood coupled to
the duct with a deflector, and an inlet coupled to the extractor duct and above the
cooking region for receiving waste gases from the region and passing them to the
extractor duct.

It is intended that reference to a range of numbers disclosed herein (for example, 1 to
10) also incorporates reference to all rational numbers within that range (for example,
1,1.1,2,3,3.9,4,5, 6,6.5, 7,8, 9and 10) and also any range of rational numbers
within that range (for example, 2 to 8, 1.5 to 5.5 and 3.1 to 4.7).

The term “comprising” as used in this specification means “consisting at least in part
of”. Related terms such as “comprise” and “comprised” are to be interpreted in the

same manner.

This invention may also be said broadly to consist in the parts, elements and features
referred to or indicated in the specification of the application, individually or
collectively, and any or all combinations of any two or more of said parts, elements or
features, and where specific integers are mentioned herein which have known
equivalents in the art to which this invention relates, such known equivalents are

deemed to be incorporated herein as if individually set forth.

Brief description of the drawings
Embodiments will be described, of which:

Figure 1 shows in generic form a cooktop and range hood as described.

Figures 2A and 2B show various views of the range hood of a first embodiment,
including internal components and circulating currents.

Figure 3A shows a perspective view of the assembled range hood with an air curtain.
Figure 3B shows various perspective views of the assembled range hood.

Figure 4 shows how various combinations of flow rates of air curtains and extraction

airflows can contain and/or extract steam and an enveloped region.
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Figure 5A shows a partial cutaway of the hood showing the plenum, air curtain slot
and deflector; and a second view of the air curtain fan.

Figure 5B shows a top view of the hood disassembled from the range hood.

Figure 5C shows a variation of the nozzle of the hood/plenum.

Figure 6 shows the aerofoil and filter within the aerofoil.

Figure 7 shows the air curtain fan and the exhaust fan.

Figure 8 shows a second embodiment of the range hood without the aerofoil.

Figure 9 shows the impact of the range hood on a dwelling air purifier

Figure 10 shows a lateral turbulent flow of waste gases that is not contained by a
traditional air curtain, and in contrast a present embodiment with a deflector that
redirects and contains turbulent flow.

Figure 11 shows an air curtain flow rate to extraction air flow flow rate ratios and their
efficacy for containing particles in the enveloped region.

Figure 12 shows the containment of grease with two prior art air curtains (T and
Haier) and the air curtain of the present embodiments.

Figure 13 shows containment of CO2 and CO of one prior art air curtain (T8) and an
air curtain according to the present embodiments.

Figure 14 shows the exit profile velocity along the slot for various configurations of
plenums.

Figure 15 shows a dual chamber arrangement with a baffle, apertures and a movable
plate to control aperture opening.

Figure 16 shows experimental data indicating extraction efficacy.

Figure 17 shows an elevation view of a range hood over a cooktop, and an underside
plan view of the range hood indicating lateral cross-flow.

Figure 18 shows a further embodiment comprising a plenum with an internal deflector.
Figures 19A, 19B show a first variation of a plenum, with respective air curtain exit
velocity profile and internal air flow in the plenum.

Figures 20 show a second variation of a plenum, with respective air curtain exit
velocity profile and internal air flow in the plenum.

Figures 21A, 21B shows a third variation of a plenum, with respective air curtain exit
velocity profile and internal air flow in the plenum.

Figure 22 shows various air curtain flow rates.

Figures 23A, 23B show a fourth variation of a plenum, with respective air curtain exit
velocity profile and internal air flow in the plenum.

Figures 24A, 24B show a fifth variation of a plenum, with respective air curtain exit

velocity profile and internal air flow in the plenum.
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Figures 25A, 25B, 25C show a sixth variation of a plenum, with respective air curtain
exit velocity profile and internal air flow in the plenum.

Figures 26A, 26B, 26C show a seventh variation of a plenum, with respective air
curtain exit velocity profile and internal air flow in the plenum.

Figures 27A, 27B, show an eighth variation of a plenum, with respective air curtain
exit velocity profile and internal air flow in the plenum.

Figures 28A, 28B, 28C show a ninth variation of a plenum, with respective air curtain
exit velocity profile and internal air flow in the plenum.

Detailed description of embodiments

Overview

Figure 1 shows in diagrammatic form the context of the present invention and one
general embodiment. It is a waste gases extractor unit (often termed “extractor fan”
or “rangehood”, and herein will be referred to “extractor unit”) for extracting waste
gases 11 from a cooking region 12 over a cooktop 13. Waste gases 11 will typically be
steam, often carrying particles, smells, grease, CO2, CO, NOx and other matter from
cooking/gases, but this is not the limit of possible waste gases that may exist during
use of a cooking top, nor limit the possible waste gases that the extractor unit could
extract. The present embodiments described provide for improved waste gases
extraction from the cooking region. This can be measured in terms of the particle
count outside the cooking region, for example. Improving waste gases extraction
(reducing the particle count outside the cooking region) can be achieved by a
combination of providing and controlling extraction airflow to remove waste gases that
result in particles that might otherwise leak out beyond the cooking region, and/or
providing and controlling an air curtain flow for assisting in containing the waste gases
(and therefore particles) within the cooking region so that they do not leak out until
extracted by the extraction flow. Other structural aspects of the present embodiments
described can also assist with improving extraction/reducing the particle count outside
the cooking region. Generally improved waste gases extraction from the cooking
region can be termed “extraction efficacy”, which can be measured in terms of particle
count outside the cooking region - the lower the particle count, the better the
extraction efficacy. Improved extraction efficacy can be achieved through a range of
techniques described herein, which improve the actual extraction of waste gases (and
therefore reduction of particles), and/or the containment of waste gases (and
therefore particles) within the cooking region.
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Extractor units can take the form of T-shaped, S-shaped and L-shaped. Embodiments
of the present invention are described herein with reference to a T-shaped extractor
units for exemplary purposes, but they can equally be applied to other types of range
hood is also. Reference only to T-shaped extractor units herein and should not be
considered limiting to the extent of which the embodiments described could be
applied.

In general terms, the extractor unit 10 comprises an extractor duct housing (chimney)
7 comprising an extractor duct (e.g. see embodiment Figure 2) 14 with an outlet 28
(e.g. see embodiment Figure 2) to ambient for outgoing exhaust (extraction) airflow
and an inlet 25 (e.g. see embodiment Figure 2) above the cooking region for receiving
airflow 15 for extracting waste gases 11 from the cooking region 12. A cooking region
hood (“canopy”) 16 is provided that comprises a plenum/air chamber 50 (e.g. see
embodiment Figure 5A, and also in more detail in Figure 19A and various alternatives
in Figures 20A to 28C) in an outer housing. The hood is coupled to and around the
extractor duct 14 for providing an air curtain 17 (e.g. see Figure 3A) to the cooking
region. Also provided is an (optional) aerofoiled inlet 18 for receiving waste gases 11
and for creating convection currents 19 above the cooking region 12 in the outgoing
extraction airflow 15/waste gases 11 to improve extraction and containment efficacy.
The aerofoiled inlet 18 has one or more aerofoil ducts 20, that physically couple the
aerofoiled inlet 18 to the hood 16 and/or duct 14, and also pneumatically couple
aerofoil inlets (e.g. see embodiment Figure 6) to the extractor duct inlet 25. An
exhaust fan 21 for creating the outgoing extraction airflow 22 is provided, along with
an air curtain fan 23 for providing an air curtain airflow 17 for the air curtain through
the plenum. Preferably, the exhaust fan 21 and air curtain fan 23 are provided in a
housing 7 around the extractor duct 14, but this is not essential. They could be placed

elsewhere.

The extractor unit 10 can have a control panel and/or a graphical user interface. The
extractor unit has a controller 9 for controlling the exhaust fan and the air curtain fan
and any other operations of the hood.

When installed, the hood 16 and aerofoiled inlet 18 will be provided above the cooking
region 12, and the extractor duct 14 will be coupled to an outlet (exhaust) of the
kitchen to expel waste gases. Reference to waste gases herein also refer to any
particulate matter also, such as any that is carried in the waste gases.
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First possible embodiment - with aerofoil

A possible embodiment will now be described with reference to Figures 2A to 7. This
embodiment should not be considered limiting, and those skilled in the art will
appreciate that variations are possible. Reference numerals already used in relation to
the general embodiment will usually be used in relation to this embodiment, without
any limitation on this embodiment or lack of generalisation of the first embodiment
being intended.

The general form of the extractor unit 10 can be seen in Figures 2b, 3A, 3B. Further
internal detail is shown in the cross-section front and side elevations of Figure 2A. The
extractor unit 10 has an extractor duct 14 with an external duct housing 7. The
housing 7 preferably has a longitudinal (and preferably vertical when installed)
rectangular (which can include square) cross-section and is formed from stainless
steel or other metal or other suitable material. Other cross-section shapes of the duct

are possible.

Referring to Figure 2A, 2B, the extractor duct 14 comprises at one end an outlet 28
that is coupled to the exhaust of the kitchen for expelling waste gases 22 to ambient.
At another “cooking region” end 24 end, the extractor duct is coupled to a scroll 14A,
which has an inlet 25 positioned above in the vicinity of the cooking region 12
(enveloped region) for receiving waste gases 11 from the cooking region 12. The scroll
can be considered as part of the extractor duct. The extractor duct 14 also comprises
a second outlet 26 at the cooking region end 24 for coupling to an air curtain chamber
(plenum) 50 to be described later. As well as providing part of the extractor duct 14,
the scroll 14A forms a sub-housing in the extractor duct. The sub-housing 14A
provides a chamber that houses an exhaust (extractor) fan 21. The exhaust fan 21
creates a negative pressure flow (extraction airflow) from the inlet 25 of the extractor
duct/scroll to the outlet 28 of the extractor duct 14 to suck waste gases 11 from the
cooking region 12. The exhaust fan 21 will be described in further detail with respect
to Figure 7 later. The extractor duct 14 also houses an air curtain fan 23 for providing
a positive air flow (air curtain airflow) 17 from the housing 7 to a hood 16 and beyond
to the cooking region 12. The scroll provides a sub-housing wall 14B inside the
extractor duct 14 which separates the exhaust fan 21 and extraction airflow 15 from
air curtain fan 23 and air curtain airflow 17.

The extractor unit 10 has a cooking region hood 16 which is coupled to or integrated
with the extractor duct 14, and when installed is suspended therefrom and extends
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(preferably horizontally) above the cooking region (T-shaped extractor unit). The hood
16 has an outer housing 52 (see Figure 5B) which is U-shaped and is preferably
generally rectangular in shape and comprises a central gap 54 (see Figure 5B). The U-
shaped housing 52 comprises an air chamber (plenum) 50. The plenum 50 has an
inlet 53 coupled to the cooking region end 24/second outlet 26 of the extractor duct.
The sub-housing/scroll 14A of the main extractor duct 14 extends partially out of the
housing 7. The U-shaped housing 52 is coupled in a manner to the extractor duct such
that the housing 52 itself connects to and sits underneath the main extractor duct 14
(so that the inlet 53 on the hood couples to the air curtain fan 23) and the central
region 54 of the “U” sits around the extending portion of the scroll 14A. In this manner
the scroll and the waste gases inlet 15 therein extends through the central region/U-
shaped region 54. The plenum 50/housing 52 has an air curtain outlet 51 for directing
an air curtain to the cooking region 12. The plenum will be described in further detail
with respect to Figure 5A, 5B. The arrangement means that the waste
gases/extraction airflow 15 is pneumatically separated from the air curtain airflow 17.

As can be seen in Figure 6, the extractor unit 10 comprises an aerofoiled inlet 18,
which is coupled to and suspended from the cooking region hood 16 and suspends
above the cooking region 12. The aerofoiled inlet 18 has a three-sided U-shaped
configuration, with three sections 18A, 18B, 18C and a central region 64. Each section
combines to provide a contiguous an inlet 63 for receiving waste gases 11 from the
cooking region 12. Each section 18A, 18B, 18C is pneumatically coupled to outlet of
the extractor duct (and in particular scroll 14A of the extractor duct) so that the
negative pressure extraction airflow created by the exhaust fan 21 (and therefore
waste gases 11 from the cooking region) can pass from the cooking region 12 through
the aerofoil inlet 18 into the extractor duct 14 via the inlet 25. Each section 18A, 18B,
18C is pneumatically coupled to the inlet 25 by way of aerofoil ducts 62A, 62B, 62C.
These aerofoil ducts also physically couple the aerofoiled inlet 18 the hood 16 and
extractor duct, via for example a frame that inserts into the central U gap 54 in the
hood. The aerofoiled inlet 18 will be described in more detail with respect to Figure 6
later.

In use, the extractor unit 10 is installed above a cooking region 12 and the outlet of
the extractor duct is coupled to an exhaust duct/outlet 28 or similar of the kitchen so
that waste gases 11 can pass to ambient 28. The air curtain fan 23 is operated to
provide the curtain of air 17 (see Figure 3A) downwards to surround the cooking
region 12, thus containing waste gases 11 within the region. Further, the exhaust fan
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21 is operated to create a negative pressure extraction flow of air 15 from the cooking
region 12 through the aerofoiled inlet 18 through into the aerofoil duct 18A, 18B, 18C
and then into the extractor duct 14 an out the outlet 28 to ambient. In addition, in a
manner to be described further later, the aerofoiled inlet 18 creates three-dimensional
convection currents 19 in the airflow created by the air curtain 17 and the extraction
flow 15.

Looking at the side elevation in Figure 2A, the air curtain 17 is directed down by the
plenum 50, nozzle 51 and deflector 57, but also by the aerodynamics created by the
aerofoiled inlet 18 that sucks the air curtain flow inwards and to the back of the
cooking region up through the central region 64 of the U shaped aerofoiled inlet
towards the back wall and back down again in a circular convection pattern 19.
Eventually, that airflow which carries waste gases 11 make its way into the inlet 63 of
the aerofoiled inlet 18. Likewise, looking at the front elevation of Figure 2, the air
curtain 17 is directed on both lateral sides of the cooking region 12 downwards by the
plenum 50 but by the aerodynamics of the aerofoiled inlet 18 is then sucked inwards
to the centre and around to the centre of the cooking region 12 up towards the central
region 64 of the aerofoil inlet through and around and back down again in a circular
convection pattern 19. This convection pattern 19 helps retain the air curtain 17 in
place to contain/envelop the cooking region 12 (“enveloped region”) to prevent
release of or at least reduce the escape of waste gases 11 out the sides/front of the
cooking region. The waste gases 11 are retained in the cooking region 12 until they
are extracted 15 through the extractor unit 14. The air curtain also:

e encourages air circulation within air curtain enclosed volume,
e moves extraction point to centre of air volume,

e improves curtain stability at higher extraction rates,

e powered height adjustment of foil.

Figure 4 shows various tests indicating how the air curtain contains waste gases. The
top left-hand Figure shows the containment of the enveloped region of steam with just
the air curtain operating. The top right-hand Figure shows containment and extraction
of steam with a low-speed air curtain and a low-speed extraction (low air curtain flow
rate and low extraction airflow flow rate). The bottom left-hand Figure shows
containment and extraction of steam with a high-speed air curtain and high-speed
extraction airflow. The bottom right-hand Figure high extraction airflow flow rate and
with no air curtain. Various components of the extractor duct will now be described in

more detail.
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Hood (canopy) and plenum

Figure 5A shows a side elevation cross-section view of part of the hood (also called a
“canopy”) 16 showing the plenum 50 and Figure 5B shows the hood. The plenum
comprises an air chamber formed in the housing 52 of the cooking region hood 16.
The plenum is large enough volume to dissipate turbulence created by the air curtain
fan pushing air into it. The plenum 50 receives the flow of air 17 from the air curtain
fan 23 via the opening 53 and directs this through an air curtain outlet 51. The air
curtain outlet 51 is formed as a thin slot (slotted outlet) 55 around the perimeter of
the hood/plenum, which has lips 56 formed on either side to form an elongated nozzle
51 (which is shown in more detail in the inset). Preferably, the slot 55 extends round
three sides of the hood 16 (front and sides) and partially bends round to extend a little
past the back corner of each side and into the back side of the hood (see circled
region 55A, 55B of Figure 2A). But the slot could instead extend around all sides of
the hood, or just partially around, such as three sides, two sides or just one side, or
even partially around one or more sides. Preferably, the corners of the slot are curved.

Generating a laminar flow that is constant over the entire slot is preferably. A non-
uniform flow along the slot will cause uneven pressure/flows laterally and cause
turbulent air flow which is undesirable. Various alternative plenum configurations and
their air curtain flow profiles will be described later. The nozzle directs the air
downwards around the perimeter of the cooking region to create the air curtain 17.
Preferably, the slot is continuous by means of the plenum at the front of the hood 16,
and in addition preferably there is a curved slot 55A that bends back round at the
back ends of the hood 16. Tests has shown that in particular at the sides of the hood,
in the corner against the back wall there is most leakage of cooking smoke. This is due
to convection by the heat sources. So, the dedicated shape slot towards the back to
prevent smoke escaping in the back corners is preferable. Other non-limiting features
of the slot can comprise in a non-limiting implement of the embodiment:

e 15°angle,

e 2.5mm slot width,

e large radius between sides,

e 45° tucked in sections at rear to seal curtain to back wall,

high volume plenum for more laminar curtain.

In a variation as shown in Figure 5C, the deflector 57A can be formed integrally with
the nozzle. as shown in figure 5C,
- w is the width of the nozzle
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- 0O is the angle of the nozzle/deflector relative to a vertical plane through the
front of the plenum

- Lo is the length of the deflector plate

- Ls is the effective length of the air curtain

- His the vertical height of the deflector

Other variations are possible also.

The nozzle 51 can be configured to optimise laminar flow - this can include the length
and angle of the lips, and the width of the slot. For example, the lips 56 of the nozzle
51 are long enough to create a stable laminar curtain of air 17 but not so long as to
induce a greater pressure drop. In one possibility (non-limiting), the lips 51 have e.g.
a 15° angle and 2.5mm slot width. Alternatively, an adaptive nozzle could be
provided. Such an adaptive nozzle could be a rubber/flexible strip that open/close is
depending on the amount of air flow. Alternatively, the angle of the lips increases or
reduces the opening of the slot under influence of the controller.

The plenum also contributes to the laminar flow that is constant across the entire slot
55. A non-uniform flow along the slot will cause uneven pressure/flow is laterally and

compromise the airflow curtain.

A deflector (“canopy flange”) 57 can be provided proximate the slot to redirect the
recirculating air 19 so it can rejoin new airflow 17 provided in the air curtain. Again,
the length and angle of the deflector can be configured to optimise aerodynamics. The
deflector improves curtain stability at higher extraction rates. Preferably the deflector
extends around at least three sides of the hood 16 (front and sides) adjacent the
internal perimeter of the slot and partially bends round to extend a little past the back
corner of each side and into the back (fourth) side of the hood (see 57A, 57B Figure
2A). Preferably the corners of the deflector are curved. Preferably the deflector plate
is flush ( or at least as close as possible) to the back wall to minimise leakage.
Furthermore, the deflector is angled and/or curved in cross-section so that it starts at
the hood adjacent the internal perimeter of the slot, but ends at least partially
over/covering the slot — that is sitting between the slot and the cooktop. This helps
direct the air curtain and/or lateral flow to be described later. The slot and the
deflector also bend around partially or completely (or could even go around all four
sides) towards the back of the hood (57A, 57B of Figure 2A) as previously described.
This helps mitigate leakage of waste gases from the enveloped region. The hot air of
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waste gases from a cooking region can create turbulence, which makes it more

difficult to contain the waste gases in the enveloped region using an air curtain.

In prior art range hoods, the turbulent waste gases (from convection and/or turbulent
airflows) cause lateral flow outwards 100 (see Figure 10) at the top near the air
curtain slot 55 that an expelled air curtain cannot keep up with, thus leading to
leakage from the enveloped region. Conventional thinking among those skilled in the
art is that most of the leakage of hot waste gases occurs through the front of the
range hood/enveloped region. However, the present inventors have found that most
(or at least non-trivial volumes/flows) of the hot waste gases in prior art range hoods
can escape to the left and right from the range hood at the top near the air curtain
slot/exit close to the back wall. The curved slot 55 and deflector 57 improves
performance of the air curtain 17 so there is better containment on these back corner
regions up near the slot 55. The deflector helps redirect the remaining lateral flow
100 in the correct direction. The flow can be turbulent, and it can for example be
directed downwards by the deflector. The size, shape, angle and positioning of the
deflector 57 can be arranged to optimise the redirection of flow of the lateral gases
within the air curtain 17 to keep them contained until they are extracted. The air
curtain 17 flow rate and extractor airflow 15 flow rate can also be modified such that
the ratio between them optimises the interaction between the air curtain 17, extractor
airflow 15 and the waste gases 11 to optimise extraction.

An air bleed path 58 is provided in the hood 18 underneath the plenum 50. As
extraction is increased, the pressure inside the air curtain 17 drops. Provision of an air
bleed path 58 acts to support the inward force on the curtain 17 during these
conditions. The bleed path 58 brings in additional new clean air to support curtain
when extraction is high and air volume inside the curtain area is at a lower pressure.

The bleed path improves curtain stability at higher extraction rates.

A sensor can be provided that detects a user crossing the air curtain 17 and the
controller can be configured to modify behavior accordingly. For example, it could stop
the air curtain 17 in a localized location. For example, the air curtain could take over
the function of an air conditioner or air purifier, and work independently even if there
is no cooking happening. The air can be cleaned/filtered/cooled air. Filtering would be
used so that the exhausted air from cooking could be re-used and re-purposed for
cooling etc. In this way less, air is extracted from the room. This is preferably over
other method as it’s not desired in most cases to have a lot of extraction from the
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room, because the make-up air from outside is likely to be dirty in big, polluted and/or
industrial cities.

Filters could be provided to treat the air flowing out of the air curtain 17. Ionisation
other filtration could be provided. The air could be temperature controlled.

Variations of the plenum and deflector are described later.

Aerofoiled inlet

The aerofoiled inlet 18 is shown in more detail in Figure 6.

The aerofoil inlet 18 led comprises a U-shaped housing 65 that is suspended
underneath the cooking region hood 16. The U-shaped housing comprises a bottom
portion 66 with a vertical wall 66A perimeter and a lip 66B that runs around the
bottom of the wall 66A. A U -shaped oil and grease labyrinth filter 67, which is
commensurate with the shape of the housing 65, is disposed on the lip 66B. The
perimeter wall 66A and lip 66B defined a U-shaped opening 63 which is the inlet for
the aerofoil 18 for receiving waste gases 11 from the cooking region 12. The labyrinth
filter 67 comprises a plurality of curved cross-section elongated extrusions 67A that
are arranged along the filter alternately and overlapping upwards and downwards with
convex/concave orientations in a side-by-side manner so that they overlap. Extraction
airflow "A”/15 that comes in through the inlet 63 will pass through the filter 67 and
flow through the labyrinth/serpentine channels. Waste is collected by the curved
extrusions 67A, thus extracting the waste from the airflow 15. The arrangement
extracts grease et etc. while minimising pressure drop. The filter 67 can have wedge
shaped side walls 67B so that waste grease and the like can flow down was through
the curved extrusions 67A into a collection tray 66C. The collection tray 66C can
couple to the bottom portion of the U-shaped housing 66 and is removable and
washable.

The aerofoil inlet housing 65 has an upper portion 62. Aerofoil ducts 62A, 62B, 62C on
top of the aerofoil inlet in this embodiment are integrally formed with the upper
portion. The aerofoil upper portion top surface 62D has an aerofoil curved shape,
shown in further detail in Figure 6. As can be seen the aerofoil shaped top redirects
airflow 19 sucked up from the central region 64 of the aerofoiled inlet 18 and redirects
it back downwards so that it re-joins the air curtain 17. Some of the air 15 will
continue up into the outlet for extraction out through the extractor duct. The aerofoil



10

15

20

25

30

35

WO 2020/202012 PCT/1IB2020/053068
18

shaped top surface extends into aerofoil ducts, one for each section of the aerofoil
which are coupled to the inlet and the extractor duct.

Exhaust fan and air curtain fan

The exhaust fan 21 is shown in more detail in Figure 7. The exhaust fan 21 comprises
a moulded inlet duct 71 for coupling to the aerofoil ducts 62A, 62B, 62C. The exhaust
fan 21 comprises a motor 72 (e.g. and induction or brushless DC motor) with an
impeller 74 sitting in a volute 73 connected to the moulded inlet duct 71. The motor
is controlled to spin at the desired RPM to create a negative pressure extraction airflow
22 from the cooking region 12 through to the outlet of the extractor duct 14. In this
specification, the extraction airflow 22 is specified as m3/min, a volume per time
(rather than as a velocity, although it could be measured as a velocity also).

Similarly, the air curtain fan 23 comprises a moulded outlet duct 76 for coupling to the
inlet 53 on the top of the hood 16. The air curtain fan 23 comprises a motor 76 (e.g.
an inductor or brushless DC motor) with an impeller 79 sitting in a volute 78
connected to the moulded outlet duct 76. The motor is controlled to spin at the
desired RPM to create a positive pressure and airflow from the extractor duct to the
cooking region 12 through to the outlet 51 of the air curtain. The air curtain flow
(“curtain airflow”) can be specified by two parameters:

e air velocity exiting the slot in m/s, and
o flow rate ( also termed “volume air flow” or “air volume per time period”)

exiting the slot in m3/min

The flow rate and the velocity of the air curtain flow can be controlled to optimise or at
least improve extraction efficacy. It can be possible to increase extraction flow rate,
which might lead to increased extraction of waste gases; however, this can also
interfere with the air curtain, which might lead to reduced waste gases containment
and lower overall extraction efficacy (that is, the particle count is higher than desired).
Therefore, the relationship between air curtain flow and the extraction flow are
configured to improve the outcome. For example, each can be controlled to fall within
a certain range, and/or the ratio between them will be controlled for within a certain
range. Preferably flow rate is below a preferred value, while the velocity is above a
preferred value. The relationship between these values and the extraction airflow
might fall between preferred ratios or other measures also. When referring to air
velocity, it is the air velocity measured at a particular distance from the slot. This is
because, as you move away from/closer to the slot, the air velocity will change.
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Therefore, any reference to air velocity will be with respect to a distance at which it is
measured, and the relationship of, or ratio of air velocity to some other parameter
(including another airflow) and the values and/or ranges that those measurements,
ratios or relationships fall within, are defined with respect to measurement of air
velocity at a particular distance. Unless otherwise stated, herein the measurement
distance is 57 mm, but that is by way of example only and is not limiting. The air
velocity can be measured at any suitable point and controlled to reach a value at that
point to achieve the required outcomes.

There are other alternatives for arranging the exhaust fan 21 and air curtain fan 23.
The air curtain fan motor could be replaced with belt pulley coupled to the exhaust fan
motor. This would reduce cost but would remove some control flexibility.

Other possibilities also comprise:
+ 2 blowers, 1 motor: Direct drive blowers from a single motor
+ 2 blowers, 1 motor: Pulley drive to achieve a speed reduction
+ 2 blowers, 1 motor: ‘turbo’ style system and use outlet air to drive turbine

+ 1 blower, 1 motor: Redirect some outlet airflow through filter which becomes

air curtain

« 1 blower, 1 motor: Split the blower into 2 sections, one segment extracts, one

pressurizes air curtain

« Primary motor, initially drives just extraction unit, but has the power to drive
both. Single motor gives motor cost reduction but also control hardware and
software simplicity

+ Single motor for pressurizing plenum (air curtain fan) and extraction fan could

be by way of supercharger/turbocharger, turbine/belt driven.

+ There could be smart motor control, to give constant flow option or calibrate to

installation environment.
Control UI

The extractor unit can have a control Panel and/or a graphical user interface. The
extractor unit has a controller for controlling the exhaust fan and the air curtain fan
and any other operations of the hood.
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Second possible embodiment - without the aerofoil

In an alternative embodiment, the aerofoil inlet 18 is omitted. This provides a direct
suction from an opening in the plenum. In this case the deflector provides the
required air flow aerodynamics. This can be combined with any of the aspects of the
other rangehood embodiments.

For this embodiment, as an example, and without limitation, the air curtain motor is
controlled to spin such that the flow rate of the airflow of the curtain is about 6-12%
(in m3/min) (preferably about 9%) of that of the flow rate of extraction airflow (in
m3/min). This is a preferred percentage, and those skilled in the art will all appreciate
that other ratios between the two flow rates are possible. However, it has been
determined that for efficacy it is desirable that is does not vary more than a few
percent, although it can vary from system to system. Therefore, some preferred
ratios between the air curtain flow rate and the exhaust air flow flow rate could be
between 2% and 18%, more preferred of between about 4% and about 15%, and
more preferred between about 6% and about 12%. This will be described later with
reference to further examples. Another metric to be used to describe the optimal air
curtain flow, is the air velocity (in m/s). Measured at 57mm from the slot, tests show
that the minimum required air velocity is about 1.1 m/s, and maximum air velocity is
about 2 m/s (measured at 57mm distance from the nozzle exit). This translates to
about 2m/s and about 4m/s at the nozzle exit. Below about 1.1 m/s the air curtain
speed is not sufficient to capture smoke escaping, above about 2 m/s the air curtain
causes a turbulent air stream. As a percentage of extraction rate, the air curtain
velocity (in m/s) should be in between about 12%-17% of the extraction flow rate (in
m3/min). Or between about 10-20%, or about 5-25%.

Third possible embodiment - baffle and second chamber in plenum

In an alternative embodiment, there is a baffle and/or second chamber provided in the
plenum, as will be explained further below. This can be combined with any of the
aspects of the other rangehood embodiments. This can provide more uniform or
tuned exit velocity distribution, which can provide for improved containment of waste
gases, itself improving the extraction efficacy. A baffle can take any suitable form to
separate regions and/or separate/divert air flow. For example, a baffle might take the
form of a plate, optionally with openings. Such a plate might be movable and/or the
openings can be increased or decreased in size through manual, mechanical and/or

automatic means.
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The air curtain flow (flow rate and/or velocity) can vary between different points of
the slots. For example, referring to air curtain flow velocity out the slot (Mexit
velocity”) as measured at 57mm, this can vary along the slot 55. This results in an
exit velocity profile along the slot, which can be seen in Figure 14. Referring to Figure
14, air curtain flow exit velocity of a first prototype P1 (which has a plenum variation
#1 as described below) varies between about ~ 1.1 m/s and about 1.6 m/s. A second
plenum prototype P2 (which has a plenum variation #4 as described below and is
smaller in volume) varies along the slot with peaks and troughs between about 1 m/s
at point 3, to about 2m/s at point 5 and back to another trough at point 7 at about
1.25m/s. When P2 is equipped with a baffle, the variation significantly reduces: the
minimum speed is about 1.5 m/s (instead of about 1m/s without baffle) and maximum
speed is about 1.9 m/s (instead of about 2.1 m/s).

The present inventors determined that containment of waste gases within the cooking
region can be worse (that is, leakage of waste gases from the containment region is
worse) if the air curtain flow (e.g. exit velocity) varies along the slot. On the flipside, if
the air curtain exit velocity along the slot can be kept constant, or at least the
variability is reduced along the slot, this can improve containment of waste gases
within the cooking region (that is, reduce leakage of waste gases from the
containment region). Therefore, controlling the air curtain flow exit velocity along the
slot so that it is less variable (that is, exit velocity profile is a constant as possible) is
desirable for improving containment of waste gases (or reducing waste gases
leakage). As a good starting point, a uniform exit velocity is best to create a balanced
system, without significant variations. Uniform air velocity is preferred to have a
symmetric and uniform airflow. Non-uniform air flow tends to cause imbalance. Air
curtain flow exit velocity preferably is not below about 1 m/s, and not above 2 m/s on
average. Again as starting point, using a plenum/baffle that gives
uniformity/symmetry is preferred. Improvement could be achieved with certain
profiles, which can also be achieved by the baffle/pre/post chamber approach, or even
a dynamically adjusting system.

Without a baffle, the air curtain air enters the plenum from one position - for example
from the top from the air curtain fan outlet 26 as shown in Figure 5A. A baffle in the
plenum locally blocks air flow at the point where air flow would be too high - this
somewhat equalizes the flow and therefore somewhat equalizes air curtain exit

velocity variance, or at least reduces exit velocity variability.

Referring to Figure 15, to create a uniform (constant) air velocity along the slot (or at
least to reduce the air velocity variance along the slot) in a further improvement the
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plenum 52 is provided with two chambers 52A, 52B separated by a baffle. Figure 15
shows a possible arrangement in diagrammatic form. The plenum comprises a baffle
with an opening 151 that separates the plenum into a pre-chamber 52A and post
chamber 52B. The inlet 53 of the plenum 52 goes into a pre-chamber 52A so that inlet
air first enters the pre-chamber, and then that air passes through the opening 151 in
the baffle 150 into the post-chamber 52B. The air then exits out through the nozzle
from the post-chamber as the air curtain 17.

The pre-chamber 52A in the plenum 52 is pressurised as the inlet air accumulates in
the pre-chamber 52. That air flows 152 through to the post-chamber 52B that guides
the air to the slot 55/nozzle 57. The baffle provides a wall/obstruction that can
distribute the flow/pressure from pre-to post-chamber by configuring the opening size
- this could be fixed or variable. Air flow simulations show that the air curtain exit
velocity distribution/profile along the slot becomes more constant as plenum size
increases. So, preferably the plenum is as big as possible. Clearly, practical
considerations for the appliance have to be considered when designing the size of the

plenum.

The arrangement of Figure 15 with pre and post- chambers 52A/52B separated by a
baffle 151 provides extraction efficacy as per below and with reference to Figure 16

+ At 12m3/min extraction and 600RPM AC (with good results between 600-
800RPM). This corresponds to:

+ Air curtain volume flow rates of between 0.9 to 1.4 m3/min along the
slot, and

« Air curtain exit velocities of between 1.5 - 2 m/s, along the slot

In general, the baffle 150 can have an opening(s) of any shape or size that are
suitable. The opening could be fixed size and/or shape, but it might also be adjustable
to help configure and improve the air curtain exit velocity profile along the slot. In one
option as shown in Figure 15, there could be a range of openings of different sizes,
and a plate could move left and right and/or up-and-down to cover one or more of the
holes, either partially or completely. By controlling the coverage of the holes, the
aerodynamics and the plenum can be controlled to get the desired profile of air
velocity across the slot. In a variation there could be more than one plate, such as 2
plates with half circles that move left/right. In another embodiment, the openings
themselves could open and close The opening(s) 151 and/or plate(s) could be altered
by mechanical movements during operation, either manually or by a controller. Or,
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the plate/openings could be fixed. The controllable plates and/or openings could also
be changed in real time, to change the airflow velocity distribution over time - this
might be useful for controlling e.g. crossflow, as will be mentioned later.

Variations of baffles and chambers configured to provide a desired exit velocity profile
are described later.

It is also possible that having an air curtain flow velocity that varies across the slot,
but configured in a particular manner, could provide a better waste gases containment
outcome. In that case, the baffle might be arranged to achieve this preferred air
velocity profile. While such a velocity profile might not be constant, because it is
configured in a particular manner (as opposed to being a profile that is simply an
artefact of aerodynamics that have not been controlled in a particular manner), it can

provide an improved outcome.

Therefore, in a more general case, the velocity profile across the slot is controlled to
provide a preferred velocity profile that optimises, or at least improves the

containment of waste gases.
Operation of Rangehood according to embodiments described
Overview

Operation of the extraction unit 10 will now be described. Control embodiments
described herein can incorporated into any of the extraction unit embodiments
described herein.

The controller 9 is coupled to the air curtain fan 23 and the exhaust fan 21, and is
configured to operate those vans with flow rate/velocities and extraction rates in
accordance with embodiments described herein.

Conventionally, designers of range hoods attempted to maximise the extraction airflow
15 flow rate, on the basis that this improves extraction of waste gases and reduces
leakage of waste gases (from the enveloped region). However, this design philosophy
was misguided. First, simply increasing the extraction airflow flow rate does not
necessarily lead to increased extraction of waste gases and reduction of leakage of
waste gases (from the envelope region). Also, higher extraction airflow flow rates will
suck more clean air from the dwelling in which it is operating, which in big, polluted
and/or industrialise cities is not desirable as it puts pressure on the air conditioning
and other ventilation systems. Further, higher extraction airflow flow rates and noisier.
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The present inventors have found that what is preferable for an optimised outcome is
to have the minimum extraction airflow flow rate required to achieve the desired
waste gas flow extraction/minimised leakage. To assist with this, they have made
observations which lead to the features of the present embodiments.

First, they note that the heat generated on a cooking region during operation actually
creates turbulence, which then makes extraction of waste gases much more difficult.
It has become apparent to the inventors that there is a lateral flow 100 of (waste
gases) air from the centre to the sides of the range hood towards the bottom surface
of the range hood/top of the enveloped region. This lateral flow of air 100 can become
so vigorous the extraction airflow 15 was insufficient to suck the lateral airflow out,
and that a prior art air curtain 17 on its own cannot contain the lateral flow 100, and
is insufficient. This can be seen in Figure 10.

The present inventors have determined that the lateral flow leakage can be mitigated
by:

e using a deflector 57
e controlling the ratio between the air curtain 17 flow rate and the extraction
airflow flow rate 15.

The inventors have found that an air curtain 17 flow rate that is too low will not
contain the waste gases 11, but an air curtain 17 flow rate that is too high will not be
extracted by the extraction airflow 15 rate due to turbulence and volume of air.
Therefore, they have determined that the arrangement between the deflector 57, the
slot 55, and the ratio between the air curtain 17 flow rate and extraction airflow 15
flow rate helps improve/optimise the following outcomes:

o sufficient extraction 15 so that there is mitigated leakage of waste gases
e noises kept to an acceptable level
e reducing the level of air extracted from the dwelling.

First control embodiment - extraction rate, and air curtain exit velocity and

flow rate control

In one control embodiment, which can form part of/ be implemented any of the
extractor unit embodiments described herein, the controller 9 is configured to control
the extraction fan 23 and air curtain fan 21 to operate within certain parameters, as
described below. These control parameters have been determined to produce a
desirable extraction efficacy.
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The parameters that form part of the control embodiment are as follows:

o Extraction flow rate: This is the extraction rate (air flow rate) 22 of waste gases
in m3/min.

o Exit velocity: This is the velocity of the air curtain as it exits the slot 55 in m/s

o Exit flow rate: This is the flow rate of the air curtain as it exits the slot 55 in

m3/min.

The parameter that the embodiments try to improve is the smoke leakage during
cooking (or smoke containment) (more generally, extraction efficacy), at an extraction

flow rate that is as low as possible in view of noise and power consumption.

To provide an optimum, or at least improved, extraction efficacy, the extraction fan 23
and air curtain fan 21 are controlled so that their operation parameters preferably
meet the following criteria. It should be noted that even if operating parameters fall
outside the following criteria, good performance can still be achieved. However, the

operating parameter criteria below lead to improved or even optimum performance.

+ It has been observed that extraction efficacy (that is optimization of extraction
flow rate) depends more on the air curtain exit velocity than the air curtain flow
rates.

+ The air curtain fan 21 is controlled so that the air curtain flow exit velocity to
extraction flow rate has a ratio in a desired range. In a possible embodiment,
the air curtain velocity (m/s) to extraction rate (m3/min) ration is between
about 12% to about 17%).

« The air curtain fan 21 is controlled so the air curtain exit velocity is between
about 1m/s (where the velocity is not enough to contain exhaust) and about 2
m/s (where too much turbulence is created for efficient extraction.

« The distribution in air velocity along the nozzle should be kept to a minimum,
but never exceed the minimum of about 1 or max of about 2 m/s. As a
guideline, ideally the uniformity should be within about 20%, or even better
about 10%

The controller 9 operates the air curtain fan 21 and the extraction fan 23 by
controlling voltage/power/current so that they operate at the right speed/RPM and to
achieve the desired flow rates.

One possible implementation of this embodiment is now described. As noted earlier,
the shape, position size angle and curvature of the deflector 57 and the slot 55 can
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reduce leakage of the lateral flow and in general the waste gases, as well as the
positioning of the slot and the deflector towards the back of the hood. This is
achieved by redirecting the air curtain 17, redirecting the lateral flow 100 into the air
curtain, and also preventing the lateral flow from exiting the air curtain at the top at
right angles. See Figure 10. Also, referring to Figure 11, the ratio of the air curtain
flow 17 rate to the extraction airflow 15 flow rate should be optimised to a preferred.
The table in Figure 13 shows extraction flow rate of 8.4 m? per minute, and varied
curtain flow rates and their ratios to the extraction airflow flow rate. The graph on the
right shows the level of particle readings by a sensor, which indicates how much
particulate matter has escaped from the enveloped region (thus indicating how much
leakage has happened of the waste gases from the enveloped region). From the table
and graph in Figure 11, it can be seen that an air curtain flow rate to extraction airflow
flow rate ratio of about 13% provides the optimise (lowest) particle reading. Of
course, other ratios are possible, perhaps less effective but still sufficiently effective. A
range of 11% to 15% is acceptable, although even other ranges are possible. What
this does show is that in combination with the deflector, the inventors have
determined how to optimise at least improve the extraction of waste gases to
minimise or improve the level of particles sensed outside the enveloped region.

Figure 12 also shows the particle count (grease particle count) of the embodiments
described without an aerofoil compared to two existing units (T8; CXW-219-T892 and
Haier Air Curtain; CXW-219-T895U1) at various positions. Figure 13 shows the CO2
and CO leakage data of the embodiments described without an aerofoil compared to
the (T8; CXW-219-T892 and Haier Air Curtain; CXW-219-T895U1).

From the test result, the inventors have determined the following.
e Fine tuning the air curtain flow to the extraction flow is important for efficacy.
e The deflector improves the air curtain and extraction.
o It is preferred to have low, but effective suction rather than large sucking out a
lot of air: not only for noise reasons but also to prevent the clean air in your
room to be exhausted

Fourth possible embodiment - reducing cross-flow

In an alternative embodiment, the extraction unit (including the controller) are
configured to reduce the effects of air flow imbalance. This can be due to an
imbalance/asymmetry in the extractor unit environment (e.g. due to air conditioning,
windows, people moving) or operational factors (e.g. the cooking region has only one
hot plate being used creating heat conduction currents). An air flow imbalance could



10

15

20

25

30

WO 2020/202012 PCT/1IB2020/053068
27

manifest itself as an air flow cross-flow (“cross-flow™), as will be explained further
below. This can be combined with any of the aspects of the other embodiments
described herein.

A common issue for extraction units is that the extraction efficacy is reduced due to
cross-flow. As shown in Figure 17, cross-flow is where there is a net airflow across
the cooking region. This can be because of open windows, doors, or some other
source of cross-flow (ventilator, blower, air conditioner, human or the cook top itself).
Cross-flow disturbs the extraction flow of rangehoods.

In this embodiment, the extraction unit and controller are configured to work together
to operate the air curtain airflow 17 to counter cross-flow, or at least to reduce its
effects on extraction efficacy. This maintains the balance of air flow (if imbalance has
already been eliminated) or to reduce the imbalance. To achieve this, the extraction
unit is configured to:

a) determine the balance/imbalance e.g. by sensor or other means (such as
flow sensor, camera or the like, optionally in combination with a controller), and/or

b) have information of the balance/imbalance e.g. by the controller being
preconfigured with relevant data or other information.

Typically what is determined/preconfigured is the existence, magnitude and/or
direction of crossflow. Note, a sensor can be broadly interpreted to mean any suitable

device including sensors and cameras.

The controller could be preconfigured with relevant information, or the information
could be provided by a user through the user interface. The user could provide the
existence, magnitude and/or direction of crossflow; or instead provide information

from which this can be determined — e.g. a configuration the environment (such as
positioning of windows, air-conditioners etc.), movement of humans and/or

configuration and/or use of the cooktop.

The extractor unit is configured to control the extraction airflow and/or air curtain
airflow to maintain balance in air flow or at least reduce imbalance in air flow. For
example, the air curtain exit velocity/flow rate through different parts of an air curtain
outlet (e.g. slot) are controlled to create airflows to counteract/compensate for the

cross-flow (or more general reduce imbalance).

In one example, the extractor unit has one or more sensors 101 or other means (such

as a flow sensor, camera, cook top sensor, movement sensor, smoke sensor, IR
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sensor and/or controller) positioned at a suitable location to determine the existence,
magnitude and/or direction of cross-flow is also configured so that the air curtain exit
velocity/flow rate through different parts of the air curtain slot 55 can be dynamically
controlled as required to create airflows to counteract/compensate for the cross-flow.
For example, a flow sensor could be positioned at the cooktop to determine flow
across the cooktop. A camera or IR sensor could be positioned near the cooktop to
image smoke, steam or other gases which may indicate crossflow. A cooktop sensor
could be in the cooktop itself to ascertain which hobs are being used. A movement
sensor might be placed to monitor the environment to detect movement of humans or
other objects in the environment. A smoke sensor could be positioned near the
cooktop for example at the sides or front/back to sense smoke, steam or other gas

movement from which crossflow can be determined.

Referring to Figure 17, for example, the range hood has a sensor 170 on the hood for
detecting direction and magnitude of cross airflow 171, which is coupled to the
controller. The air curtain fan 23, plenum 52, and nozzle 51 are designed such that
the air curtain airflow 17 can be controlled independently for the left, right side and/or
front side. This can be achieved by having two air curtain blowers — 23A, 23b one for
left side of the extractor unit and one for right side. The two fans 23A, 23B can be
controlled independently, along with optionally an adjustable nozzle 51 that can alter
the direction of the air curtain flow 17 and/or the size of the opening of the nozzle so
that in combination with the fans 23A/23B, the flow rate/exit velocity and/or direction
of the air curtain flow 17 can be controlled separately on the left-hand side and the
right-hand side.

So, for example if there is a cross-flow from the left-hand side to the right-hand side
detected by the sensor, the air curtain fans 23A/23B can be controlled so that the exit
velocity/flow rate of the air curtain on the right-hand side can be greater than that on
the left-hand side and/or the direction of the air curtain flow 17 on the right-hand side
can be directed towards the left-hand side. This can create a net flow from the right
hand side to left hand side in the opposite direction to the cross-flow, to reduce the
effects of the cross-flow. Of course, the cross-flow and opposite net flow might happen
in the opposite direction — left to right, and the opposite control applies. By creating
an imbalance in air curtain flow rate/exit velocity between left and right side, the

overall extraction flow can be steered in preferred direction to counter cross flow

It will be appreciated also that the cross-flow may not happen completely laterally
from left to right or right to left. Rather, there might also be some front/back cross-
flow component (or even an entirely front/back crossflow). As an alternative, a third
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(or even fourth etc.) air curtain bank could also be provided along with adjustable
nozzle to control the air curtain at the front of the hood, to compensate for any

crossflow occurring in that direction.

In addition, or alternatively, a plate that can be moved within the plenum to block,
entirely/open (or at least restrict flow) air flow between the pre-chamber and the
post-chamber, under operation of the controller. This can then provide control of the
relative exit velocity/flow rate through the nozzle between lateral sides of the
extraction unit and/or the front/back size of the extraction unit.

Cross-flow can also be caused by cooking itself in the cooking region. For example, if
only one cooking element is used, there will be an asymmetric convection from the
side of the cooking element, to the opposite side, causing cross-flow. For example, if
someone cooks on the right side of the cooking region, air rises on the right side that
needs to be made up by air coming from left and right.

This cause of crossflow can also be compensated for by controlling the air curtain
relative flows at different sides of the hood. For example, to avoid smoke escaping
from the right side when cooking on the right, the air curtain flow/velocity on the right
side of the air curtain can be adjusted such that it compensates for the cross-flow
generated by the cooking on the right side. One or more sensors can be used to
determine where the cooking is taking place, either by directly sensing the cooking,
and/or looking at the resultant crossflows.

Any such compensation as described above could be implemented as a closed-loop
control system whereby there might be an imbalance to begin with, but as the control
system operates the imbalance is reduced significantly or even eliminated, and from
that point on it is about maintaining balance through closed-loop control. That is, by
determining any deviation from balance and correcting accordingly. Therefore, in
general terms the extractor unit can be configured to reduce and almost eliminate
crossflow (or more generally any imbalance in airflow), and once that is achieved,
maintain balance and airflow (that is to try to ensure crossflow does not return).

The balance or imbalance of air flow can be static or dynamic, and determination
and/or information of the balance or imbalance of airflow can be:

e generated once, e.g. during a calibration — for example in the case of static
imbalance, and/or
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e periodically or continuously (dynamically) determined or otherwise generated
throughout the operation of the extractor unit — for example in the case of

dynamic imbalance.
Fifth possible embodiment - deflector without an air curtain

In an alternative embodiment, the air curtain is omitted. In this case the deflector
provides the required air flow aerodynamics. The inventors have determined that
deflector by itself can a positive effect on extraction efficacy even without an air
curtain. Hot air rising to the side is guided downwards and has a lower chance to
escape. This can be combined with any of the aspects of the other rangehood

embodiments.

In embodiments, one or more of the following is possible.

e The depth (recess) of the deflector shape is between 10mm and 50mm,
and preferably between about 20mm and about 40mm.

o The angle of the deflector relative to the hood is between about 5 and
about 20 degrees, and preferably between about 10 and about 15
degrees.

e The deflector is positioned and/or extends at least along three sides,
and preferably along four sides of the hood.

e The deflector is recessed in the hood and optionally positioned as far as
possible to the edge of the hood to enlarge the effective envelope of
the hood.

Sixth possible embodiment —plenum/hood with internal deflector

Figure 18 shows an alternative embodiment of the hood/plenum and deflector. As
previously described, for example with reference to Figure 5A, a deflector 57 is
provided. In another embodiment, the plenum is configured such that the deflector
57B is internal to the housing of the hood.

In this embodiment, the plenum 50 has a raised floor 180 that integrally forms into
the deflector 57B. The deflector 57B forms part of the nozzle 51 and therefore sits
within the housing 52 of the plenum/hood, rather than extending beneath the plenum
50. In Figure 18, the cross-section shows the original embodiment of Figure 5A is
shown overlaid the new embodiment for comparison. Other views show the new

embodiment by itself

Further embodiments - alternative plenums
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Each of the embodiments already described utilise a plenum with a nozzle (slot), and
optionally a baffle to create two chambers, for providing an air curtain. As previously
noted, controlling the air curtain flow velocity across the slot is desirable for improving
containment of waste gases in the cooking region. Variations of the plenum are now
described that provide improved or at least alternative air curtain velocity profiles,
which can in some arrangements provide improved outcomes. Any of the plenum
variations described below can be used with any of the embodiments previously
described, as appropriate. The plenum configurations described here can include any
of the nozzle, deflector, baffle and other structural arrangements as described with
reference to any of the previous embodiments of the range hood, and insofar they are
appropriate. Also, the plenum configurations described here can be used in
combination with controlled extraction airflows and air curtain flows, and their relative

ratios to achieve a desired air curtain velocity profile.

It is noted that the air velocities mentioned (typically about 7m/s on average) are the
velocities measured (or calculated) directly at the nozzle exit, which is different from
the velocities measured and described above (in the range of about 1-2 m/s) which
were determined at a 57mm distance from the nozzle exit. This translates to about 2-
4 m/s at the nozzle exit, which is still smaller than the about 7 m/s in the simulations
described below. This difference is not consequential because the simulations
described below have as main purpose to address the air curtain velocity distribution,
not the absolute velocity values.

The salient features will be described in the airflow and exit velocity profile
characteristics that come from those features.

Plenum variation #1 - First embodiment ("P1”)

Referring to Figure 19A, the plenum 50 described in relation to the first embodiment
above, will be described in more detail. The plenum shown in Figure 19A is a partial
cutaway and comprises a perimeter wall 190 and a base 191. The nozzle/slot 51
extends within the perimeter of the wall, with curvature at the corners 192. This
plenum 50 can be combined with any of the aspects of the other embodiments
described herein.

The plenum of figure 19A provides an air curtain flow velocity profile (distribution) 195
from the slot as shown in Figure 19B. As can be seen, and referring to the table 1

below, the velocity profile 195 of the slot is relatively flat gradually increasing from the
rear to the front of the plenum, with only a 5m/s difference and a std deviation of just
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18% between the air curtain velocity at the front 193 of the plenum and at the rear
194 of the plenum.
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Qv = 2.5 m3/min
V166_N3_P100_NB
V#1, P1
Front (max) 10.0
End (min) 5.0
Velocity 5.0
DVelocity [%
Velocity 50%
max]
[m/s]
v mean 7.0
v std. dev. 1.3
s.dev. [%
18%
mean]
DPstatic -39.0
Pressure
DPdyn 32.0
[Pa]
DPtot -7.0
slot width 3.0
air volume
1.66E-02
[m3]
porosity [%] 100%
Table 1

Various alternative plenums will now be described.
Plenum variation #2 -wide/large plenum with half baffle (diverted plenum)

5 e This variation of plenum 200 has a structural configuration, exit velocity profile
and internal airflow, as shown in Figures 20.

e This variation of plenum 200 comprises a U-shaped channel 201, with a nozzle
and deflector 203. The plenum 200 also has an inlet 203, which is equivalent
to the duct 76 previously described for receiving airflow from the air curtain fan

10 23 and providing it to the plenum 200 .

e There is a partial baffle 202 in and partially across the front channel 204 of the

plenum 200.
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The airflow pattern is provided in the Figure to support how the velocity
distribution is established.

As can be seen, and referring to the table 2 below, the velocity profile 207 of

the slot is relatively flat gradually increasing from the rear to the front of the

plenum, with a with a 6.5m/s difference and a std deviation of just 21%
between the air curtain velocity at the front 205 of the plenum and at the rear

206 of the plenum. There is also some variation of air curtain velocity across
the front of the plenum.

Qv = 2.5 m3/min

V78_N3_P100_HB

V#2 P2 LARGE HALF

BAFFLE - V6
Front (max) 11.5
End (min) 5.0
DVelocity 6.5
Dvelocity [%
Velocity 57%
max]
[m/s]
v mean 7.7
v std. dev. 1.6
s.dev. [%
21%
mean]
DPstatic -30.0
Pressure
DPdyn 14.0
[Pa]
DPtot -16.0
slot width 3.0
air volume
7.80E-03
[m3]
porosity [%] 100%

Table 2

This is a variation of the plenum 240 (variation #5, P2, described below).
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This variation of plenum 210 has a structural configuration, internal airflow,
and exit velocity profile as shown in Figures 21A, 21B

This variation comprises a relatively U-shaped channel 211, with a nozzle and
deflector. It also has an inlet, which is equivalent to the duct 76 previously
described for receiving airflow from the air curtain fan 23 and providing it to
the plenum. A baffle ("wall”) 213 extends around the inner perimeter of the
plenum splitting the plenum into a first 211A and second 211B chamber. The
baffle 213 has openings 214 for passage of airflow

The airflow pattern is provided in the Figure to support how the velocity
distribution is established.

The exit airflow velocity profile is relatively constant where: poor constancy is
about >40% variation, moderate constancy is about 20-40% variation, good
constancy about <20% variation. As can be seen, and referring to the table 3
below, the velocity profile 215 of the slot is relatively flat from the rear to the
front of the plenum, with just a (about) 4m/s difference and a std deviation of
just (about) 14.7% between the air curtain velocity at the front 216 of the
plenum and at the rear 217 of the plenum. There is also a relatively constant
air curtain velocity across the front of the plenum.

Qv =15
m3/min
V67_N2_P45_NB
V#3
Front (max) 9.5
End (min) 5.5
DVelocity 4.0
. Dvelocity [%
Velocity 42%
max]
[m/s]
v mean 7.0
v std. dev. 1.0
s.dev. [%
15%
mean]
DPstatic -119.0
Pressure
DPdyn 8.0
[Pa]
DPtot -112.0
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slot width 2.0
air volume
6.74E-03
[m3]
porosity [%] 45%
Table 3

Figure 22 shows the following in terms of performance of some possible variations.

Results show that the separation wall in Plenum variation #3 - two plenums with inner
baffle ("wall”) really helps to reduce the velocity distribution to a (record) value of
15%. This is smaller than plenum variation #1 (18%) which has much bigger
volume. It is also much smaller than like variation #3 but with no inner baffle (35%)
which has similar volume and nozzle width, but no separation wall. Plenum variation
#9 - two plenums with multiple baffles (*wall”), which has even more features to it
has even lower velocity distribution, but at increased pressure. Increased pressure
means the blower needs to work harder. Overall, the half baffle and plenum variation
#3 are the best, next to plenum variation #1.

Some further plenums will now be described. These may not necessarily achieve a
relative constant air curtain velocity, but show other configurations that can achieve
alternative air curtain velocity profiles that might be advantageous in some situations,
where constant air curtain velocity profile is not necessarily required.

Plenum variation #4 - narrow/small plenum (P2 - small”)

This variation of plenum 230 this has a structural configuration, exit velocity

profile and internal airflow, as shown in Figures 23A, 23B.

e This variation comprises a relatively narrow U-shaped channel, with a nozzle
and deflector. It also has an inlet 231, which is equivalent to the duct 76
previously described for receiving airflow from the air curtain fan and providing
it to the plenum.

e The airflow pattern is provided in the Figure to support how the velocity
distribution is established.

e As can be seen, and referring to the table 4 below, the velocity profile 232 of
varies from the rear to the front of the plenum, with about a 15m/s difference
and a std deviation of about 49% between the air curtain velocity at the front
233 of the plenum and at the rear 234 of the plenum.

Plenum variation #5 -wide/large plenum (P2 - large”)
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This variation of plenum 240 this has a structural configuration, exit velocity
profile and internal airflow as shown in Figure 24A, 24B.

This variation comprises a relatively wider U-shaped channel, with a nozzle and
deflector. It also has an inlet 241, which is equivalent to the duct 76
previously described for receiving airflow from the air curtain fan and providing
it to the plenum.

The airflow pattern is provided in the Figure to support how the velocity
distribution is established.

As can be seen, and referring to the table 4 below, the velocity profile 242 of
varies from the rear to the front of the plenum, with a 13m/s difference and a
std deviation of 50% between the air curtain velocity at the front 243 of the
plenum and at the rear 244 of the plenum.
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Qv = 2.5 m3/min
V78_N3_P100_NB | V27_N3_P100_NB
V#5, P2 LARGE V#4, P2 SMALL
Front (max) 17.5 19.0
End (min) 4.5 4.0
DVelocity 13.0 15.0
Dvelocity [%
Velocity 74% 79%
max]
[m/s]
v mean 7.5 7.3
v std. dev. 3.8 3.6
s.dev. [%
50% 49%
mean]
DPstatic -31.0 -96.0
Pressure
DPdyn 15.0 2.0
[Pa]
DPtot -16.0 -94.0
slot width 3.0 3.0
air volume
7.80E-03 2.74E-03
[m3]
porosity [%] 100% 100%
Table 4

Plenum variation #6 —wide/large plenum with full baffle

This variation of plenum 250 this has a structural configuration, exit velocity
profile and internal airflow, as shown in Figures 25A, 25B, 25C

It comprises a relatively wider U-shaped channel, with a nozzle and deflector.
It also has an inlet 251, which is equivalent to the duct 76 previously described
for receiving airflow from the air curtain fan and providing it to the plenum.
There is a baffle 255 in and across the front channel of the plenum.

The airflow pattern is provided in the Figure to support how the velocity
distribution is established.

The exit airflow velocity profile is relatively constant. As can be seen, and
referring to the table 5 below, the velocity profile 257 of the slot is relatively
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flat gradually increasing from the rear to the front of the plenum, with a 12m/s
difference and a std deviation of 36% between the air curtain velocity at the
front 253 of the plenum and at the rear 254 of the plenum. There is also some
variation of air curtain velocity across the front of the plenum.

Qv =25
m3/min
V#6 full
baffle -v7-
Front (max) 15.0
End (min) 3.0
DVelocity 12.0
. Dvelocity [%
Velocity
max] 80%
[m/s]
Vv mean 7.6
v std. dev. 2.74
s.dev. [%
mean] 36%
DPstatic -30.0
Pressure
DPdyn 14.0
[Pa]
DPtot -15.0
slot width
air volume
[m3]
porosity [%]

Table 5
Plenum variation #7 -wide/large plenum with tapered lateral channels

e This plenum variation 267 has a structural configuration, internal airflow, and
exit velocity profile as shown in Figures 26A, 26B, 26C.
e this is similar in nature to the large plenum variations above, except for

tapering in the lateral channels.
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o It comprises a relatively wider U-shaped channel, with a nozzle and deflector.
It also has an inlet 261, which is equivalent to the duct 76 previously described
for receiving airflow from the air curtain fan and providing it to the plenum.

e The lateral portions of the U-shaped channel are tapered 264.

e The airflow pattern is provided in the Figure to support how the velocity
distribution is established.

e As can be seen, and referring to the table 6 below, the velocity profile 267 of
the slot is relatively flat gradually increasing from the rear to the front of the
plenum, with a 13.5m/s difference and a std deviation of 49% between the air
curtain velocity at the front 263 of the plenum and at the rear 264 of the
plenum. There is also some variation of air curtain velocity across the front of

the plenum.
Qv =25
m3/min
V#7,
tapered
wing -v12-
Front (max) 18.5
End (min) 5.0
DVelocity 13.5
. Dvelocity [%
Velocity
max] 73%
[m/s]
Vv mean 7.6
v std. dev. 3.73
s.dev. [%
mean] 49%
DPstatic -30.0
Pressure
DPdyn 15.0
[Pa]
DPtot -15.0
slot width
air volume
[m3]
porosity [%]
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Table 6

Plenum variation #8 —-wide/large plenum with full baffle and tapered baffle

This variation of plenum 250 this has a structural configuration, exit velocity
profile and internal airflow, as shown in Figures 27A, 27B.

It comprises a relatively wider U-shaped channel, with a nozzle and deflector.
It also has an inlet 251, which is equivalent to the duct 76 previously described
for receiving airflow from the air curtain fan and providing it to the plenum.
There is a tapered baffle 256 in and across the front channel of the plenum.
The airflow pattern is provided in the Figure to support how the velocity
distribution is established.

The exit airflow velocity profile is relatively constant. As can be seen, and
referring to the table 7 below, the velocity profile 257 of the slot is relatively
flat gradually increasing from the rear to the front of the plenum, with a 12m/s
difference and a std deviation of 36% between the air curtain velocity at the
front 253 of the plenum and at the rear 254 of the plenum. There is also some
variation of air curtain velocity across the front of the plenum.

Qv = 2.5 m3/min
full + tapered
baffle -v8-
Front (max) 24.0
End (min) 2.0
DVelocity 22.0
. Dvelocity [%
Velocity
max] 92%
[m/s]
Vv mean 6.2
v std. dev. 2.71
s.dev. [%
mean] 449,
DPstatic -274.0
Pressure
DPdyn 58.0
[Pa]
DPtot -215.0
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slot width

air volume
[m3]
porosity [%]

Table 7
Plenum variation #9 - two plenums with multiple baffles (“wall”)

e This is a variation of the plenum described in the third possible embodiment.

e This variation has a structural configuration, internal airflow, and exit velocity
profile as shown in Figures 28A, 28B, 28C

e This variation comprises a relatively U-shaped channel, with a nozzle and
deflector. It also has an inlet 281, which is equivalent to the duct 76
previously described for receiving airflow from the air curtain fan and providing
it to the plenum. A primary baffle ("wall”) 282 extends around the inner
perimeter of the plenum splitting the plenum into a first 280A and second
chamber 280B. The baffle has openings for passage of airflow. In addition
there are smaller secondary baffles 282 extending from the primary baffle.

e The airflow pattern is provided in the Figure to support how the velocity
distribution is established.

e As can be seen, and referring to the below, the velocity profile 287 of the slot
is relatively flat gradually increasing from the rear to the front of the plenum.

e The resulting air velocity distribution is very small, just 11% STDEV of the
mean (see v2 in one of the tables above).

Variations
There are numerous variations which we evident to those skilled in the art.

Other shapes of aerofoil and configurations are possible. For example, while the
aerofoil has 3 sections arranged in a U-shaped around a rectangular polygon, different
numbers of sections could be used around different shape polygons. For example, the
U-shaped might be more triangular in shape, or there could be even more than 3
sections creating a more curved U-shaped. Other alternatives are possible also. A
four-sided closed central section aerofoil is possible, for example

The air flows of extraction and air curtain are preferably separated. But that is not
essential. Alternatively, they may not be pneumatically separated and that would
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enable use of a filter that cleans exhaust air very well, such that the extraction airflow
can be re-circulated into the air curtain air flow.

The range hood could be combined with an air purifier and/or air conditioner (enabled
by including clean air exhaust).

The outlet could be configured to direct airflow upwards in a purification mode. The
housing could be configured to change airflow paths through filters and the like.

There could also be more than three sides to the air curtain. For example, a four sided
air curtain as possible. It is also possible that there is fewer than three sides to the air

curtain, such as two sides or even one side.

When used, the deflector can go around all four sides, or just three sides, or just two

sides, or even one side.

The slot, could extend around all sides of the hood, or just partially around, such as

three sides, two sides or just one side, or even partially around one or more sides.

When used, a baffle can go partially or entirely through the plenum, in any direction in
any position that is suitable. For example, it might go partially or entirely across the
front of the plenum, along the sides of the plenum, and/or at the back of the plenum;
or go laterally through the plenum in some manner. One or more baffles can be used

in any suitable manner as described above.

The orientation of the extraction fan 23 can impact overall performance of air curtain.

For example,

« if the inlet of the extraction fan 23 is oriented sideways, there could be
more extraction from the sides, which may be beneficial.

« if the inlet of extraction fan is oriented to the front of the hood, the

main extraction flow may be from the front inwards.
Benefits

+ The arrangements of the embodiments described provide an air curtain that
improves the overall extraction air flow that is needed to achieve a good
extraction of cooking smoke that can actually be reduced compared to
conventional range hoods. Initial indications suggest the embodiments can
reduce the extraction airflow to 50% of extraction airflow compared to
conventional range hoods. Preliminary results show that at 80% of extraction
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airflow, performance of the present embodiments is significantly better. For
kitchens and apartments other housing or commercial setting is in big, polluted
and/or industrial cities, it is very much desired to not suck a lot of air out of the
dwelling (called "make up air”) by the range hood, because it removes the
clean air within the dwelling that was just generated by the air purifier that was
in the room. The graph in Figure 9 it can be seen that the air purifier cant keep
up with cleaning the air while the Range Hood is on. This graph shows
measurement results using particle sensor in a real life Chinese apartment.

It shows that an air purifier indeed helps to reduce air pollution.

It also shows that a Range Hood suck so much clean air out of the room that
the air purifier can’t keep up cleaning the new (dirty) air that is coming from
outside,
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Claims

1. An extractor unit comprising:
at least one fan for creating:
an extraction airflow, and
an air curtain airflow,
an extractor duct for the extraction airflow for extracting waste gases
from a region,
a hood coupled to the duct for receiving the air curtain airflow from the
fan and expelling an air curtain to envelop the region, and
an inlet coupled to the extractor duct and above the cooking region for
receiving waste gases from the region and passing them to the extractor duct.

2. An extractor unit according to claim 1 wherein the hood comprises a plenum
with an inlet opening for receiving air curtain airflow from the fan and an outlet for
expelling the air curtain to the region.

3. An extractor unit according to claim 2 wherein the outlet comprises a slot
around at least part of the perimeter of the plenum and lips around the slot for
directing the air curtain.

4, An extractor unit wherein the hood has a plenum and slotted outlet at least
partially around the perimeter of the hood for expelling the air curtain, and a deflector
on proximate the slotted outlet to direct the air curtain.

5. An extractor unit according to claim 4 wherein the deflector and/or slot extend
at least partially to the back of the hood.

6. An extractor unit according to any preceding claim wherein there are at least
two fans, a first exhaust fan for creating the extraction airflow and a second air curtain
fan for creating the air curtain airflow.

7. An extractor unit according to claim 5 wherein the exhaust fan and the air
curtain fan are disposed in the extractor duct housing.
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8. An extractor unit according to claim 6 or 7 wherein the plenum with an inlet
opening receives air curtain airflow from the air curtain fan and an outlet for expelling

the air curtain to the region.

9. An extractor unit according to any preceding claim wherein the inlet comprises
an aerofoil cross-section to form at least one circulating current with the extraction

airflow, air curtain airflow and/or waste gases.

10. An extractor unit according to any preceding claim wherein the inlet is U-
shaped with three aerofoil inlet sections positioned around the region.

11. An extractor unit according to any preceding claim wherein the region is a
cooking region of a cooktop.

12. An extractor unit according to any preceding claim wherein the hood comprises
a deflector to guide lateral flow (from convection and/or turbulent airflows)

downwards.

13. An extractor unit according to any preceding claim wherein the convection

current mixes air from the air curtain, extraction airflow and the waste gases.

14, An extractor unit according to claim 1 wherein there is a single fan for creating
an extraction airflow and an air curtain airflow, wherein extraction airflow through the

fan is filtered and recirculated into the air curtain flow.

15. An extractor unit according to any one of claims 10 to 14 wherein the deflector
is positioned around the hood, or within the hood.

16. An extractor unit according to any one of claims 2 to 15 wherein the plenum
comprises two chambers, optionally separated by a baffle that is optionally movable.

17. An extractor unit according to any one of claims 2 to 16 wherein the plenum
comprises a baffle that goes at least partially across or through the plenum, and
optionally goes entirely through the plenum.

18. An extractor unit according to claim 17 further comprising secondary baffles
that extend from the baffle.
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19. An extractor unit according to any preceding claim further comprising a
controller for operating the fan to control the air velocity and flow rate of air curtain
exiting the slotted outlet.

20. An extractor unit according to claim 19 wherein the controller controls the air
velocity and the flow rate of the air curtain to be within a certain range and/or the
ratio between them to be in a certain range.

21. An extractor unit according to claim 19 or 20 wherein the controller operates
the fan to control the extraction airflow.

22. An extractor unit according to any preceding claim further comprising

one or more sensors or other means positioned at a suitable location to

determine the existence, magnitude and/or direction of cross-flow,

wherein the extractor unit is configured so that the air curtain exit velocity/flow
rate through different parts of the air curtain slot are controlled to create airflows to
counteract/compensate for the cross-flow.

23. An extractor unit according to claim 19, 20, 21 or 22 wherein the extractor is
configured, through structure and/or control of operation, to:
e provide a flow rate of the air curtain to a desired ratio of the flow rate of
extraction airflow to improve performance, and/or
e provide an air velocity of the air curtain to between a desired range to improve
performance, and/or
« provide the air velocity of the air curtain as a desired percentage of the
extraction rate to improve performance, and/or
e provide an exit velocity of the air curtain across the slot to reduce the
variability of the exit velocity across the slot.

24. An extractor unit according to claim 19, 20, 21, 22 or 23 wherein
e the flow rate of the air curtain is between about 6-12% and preferably 9% of
that of the flow rate of extraction airflow, and/or
e the air velocity of the air curtain measured at 57mm is between about 1.1m/s
and 2m/s, and/or
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e the air velocity of the air curtain measured at 57mm as a percentage of the
extraction rate is between about 12% to 17% of the extraction flow rate, or
between about 10% to 20%, or between about 5% to 25%.

25. A method of controlling an extractor unit that:

e provides a flow rate of the air curtain to a desired ratio of the flow rate of
extraction airflow to improve performance, and/or

e provides an air velocity of the air curtain to between a desired range to
improve performance, and/or

e provides the air velocity of the air curtain as a desired percentage of the
extraction rate to improve performance, and/or

e provides an exit velocity of the air curtain across the slot to reduce the
variability of the exit velocity across the slot.

26. An extractor unit comprising:
at least one fan for creating:
an extraction airflow, and
an extractor duct for the extraction airflow for extracting waste
gases from a region,
a hood coupled to the duct with a deflector, and
an inlet coupled to the extractor duct and above the cooking region for
receiving waste gases from the region and passing them to the extractor duct.

27. An extractor unit according to claim 26 wherein the deflector is positioned
around the hood, or within the hood.

28. An extractor unit according to any one of claims 4, 5, 12, 15 and 26 to 27
wherein the depth (recess) of the deflector is between about 10mm and about 50mm,
and preferably between about 20mm and about 40mm.

29, An extractor unit according to any one of claims 4, 5, 12, 15 and 26 to 28
wherein the angle of the deflector relative to the hood is between about 5 and about
20 degrees, and preferably between about 10 and about 15 degrees.
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30. An extractor unit according to any one of claims 4, 5, 12, 15, and 26 to 29
wherein the deflector is positioned and/or extends at least along three sides, and
preferably along four sides of the hood.

31. An extractor unit according to any one of claims 4, 5, 12, 15, and 26 to 30
wherein the deflector shape is recessed in the hood and optionally positioned as far as
possible to the edge of the hood to enlarge the effective envelope of the hood.
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End of Annex
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