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(57) Abstract: The present invention relates to an air diffuser. The air diffuser comprises at least one primary discharge element.
The secondary discharge element 1s arranged to discharge a secondary airstream capable of tlowing across at least one surface that
directs the secondary airstream substantially 1in a plane of the diffuser discharge face m the vicmity directly downstream ot the sec-
ondary discharge element. The primary discharge element is arranged to discharge a primary airstream that 1s induced by the sec-
ondary discharged airstream such that the direction of the primary discharged airstream is largely determined by the direction of
travel of the secondary airstream.
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AN AIR DIFFUSER AND AN AIR CIRCULATION SYSTEM

Field of the Invention

The present invention relates to an‘air_diffuser.
Embodiments of the invention find'particular, but not
exclusive, use as a ceiling swirl diffuser, a floor éwifl
diffuser or a linear slot diffuser, as part of an

installed alr delivery system.

Background of the Invention

Many buildings have air conditioning or ventilation
systems that distribute air throughout the building
through ducts connected to diffusers. The diffusers
distribute supply air into the spaces to be air
conditioned or ventilated. Due'to space constraints, such
as ceiling grid dimensions into which diffusers may be
required to fit, the maximum airflow rate per diffuser 1is
often restricted to a less than optimum value, requiring
the added expense of additional diffusers.

Many diffusers 1incorporate adjustablé dampers oOr
adjustable blades for airflow adjustment that provide a
generally constant discharge velocity from the diffuser to
maintain largely constant throw of the supply air into the
occupancy space regardless of the damper or blade airflow
setting. These adjustable dampers or blades may be
regulated by means of thermally, electrically or
pneumatically powered actuators, allowing a degree of
individual occupancy space air temperature control to be
achieved for the subzone served by that diffuser.

Adjustable blades are sometimes used to alter

diffuser discharge direction—manually or by means of
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thermal, pneumatic or electric actuators. The airflow
rate from such diffusers and the position of the diffuser
dampers or blades is often affected by supply ailr pressure
fluctuations in the supply duct system, e.g. due to the
opening or closing of other dampers. This often results
in poor temperature control of the subzones in question as
the airflow rate discharged by each diffuser increases or
decreases due to the increased or decreased supply air
pressure, respectively, and due to further opening or
closing of the diffuser’s adjustable damper or adjustable
blades caused by the elasticity of the damper/blade

mechanism.

Summary of the Invention

In accordance with a first aspect, the present
invention provides an air diffuser comprising, at least
one primary discharge element and at least one secondary
discharge element, wherein:

the secondary discharge element 1s arranged to
discharge a secondary airstream capable of flowing across
at least one surface that directs the secondary alrstream
substantially in a piane of the diffuser discharge face 1n
the vicinity directly downstream of the secondary
discharge element; and

the primary discharge element 1is arranged to
discharge a primary ailrstream that i1s induced by the
secondary discharged airstream such that the direction of
the primary discharged airstream is largely determined by
the direction of travel of the secondary airstream.

In one embodiment, the primary airstream has a
substantially greater airflow rate than the secondary

alrstream.
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‘The primary airstream when discharged in the absence
of the secondary airstream may be substantially different
to the disdhérge direction of the primary alrstream when
discharged in the presence of the secondary airstream.

In one embodiment, a secondary airflow rate element
is manipulable to vary the airflow rate of the secondary
ailrstream. '

The discharge direction of the primary alrstream may
vary when the secondary ailrflow rate element 1s
manipulated.

A primary airflow rate element may be manipulable to
vary the airflow rate of the primary alrstream.

In one embodiment, the air diffuser comprises a
common airflow rate element that is manipulable to vary
the airflow rates of the secondary airstream and of the
primary airstream.

The common airflow rate element may vary the alrflow
rates of the primary airstream and of the secondary
alrstream substantially i1ndependently of one another.

In one embodiment, manipulation of the common airflow
rate element reduces the airflow rate of the primary
airstream without substantially varying the alrflow rate
of the secondary airstream.

Manipulation of the common airflow rate element may
reduce the airflow rate of the secondary airstream without
substantially varying the airflow rate of the primary
alrstream.

Manipulation of the common airflow rate element may
reduce the airflow rate of the primary airstream without
substantially varying the combined airflow rates of the
primary alirstream and of the secondary alrstream.

- Manipulation of the common airflow rate element may

reduce the airflow rate of the secondary airstream without
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substantially varying the combined alrflow rates of the
primary airstream and of the secondary ailrstream.

In one embodiment, the primary discharge element is
manipulable to alter the airflow rate of the primary
alrstream. -

The primary discharge element may be manipulable to
alter the airflow direction of the primary ailrstream.

The airflow rate discharged by the primary discharge
element may remain largely constant, for a constant total
supply air pressure, in the range of airflow direction
adjustment. '

In one embodiment, the secondary discharge element 1is
manipulable to alter the airflow rate of the secondary
alrstream.

‘ The secondary discharge element may be manipulable to
alter the airflow direction of the secondary airstream.

The primary and secondary discharge elements may
share a common vane, the manipulation of which varies the
discharge direction of at least one of the primary and
secondary airstreams.

Manipulation of the common vane may vary the
discharge direction of the combined primary and secondary
airstreéms.

The combined airflow rate discharged by the primary
and secondary discharge~elementsrmay remaln largely
constant, for a constant total supply air pressure, 1in the
range of airflow direction adjustment.

The primary and secondary discharge elements may
share a common vane, the manipulation of which varies the
airflow rate of at least one of the primary and secondary
alrstreams. '

Manipulation of the common vane may vary the airflow

rate of the combined primary and secondary alrstreams.
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In one embodiment, deflection of the primary
discharge element vane due to an increase Or decrease 1n
supply air pressure causes the primary discharge element

aperture to be reduced or increased, respectively.

The primary and secondary discharge elements may

- share at least one common vane, deflection of which due to

an increase or decrease 1n supply alr pressure causes the
apertures of the primary and the secondary discharge
elements to be reduced or increased, respectively.

In another aspect, the air diffuser 1in accordance
with a first aspect may be incorporated in a ducting
system.

In a further aspect, the ailr diffuser 1n accordance
with a first aspect may be incorporated in an alr supply

system.

Detailed Description of the Drawings

Notwithstanding any other forms that may fall within
the scopé of the present invention, preferred embodiments
will now be described, by way of example only, with -
reference to the accompanying drawings in- which:

Figures la and 1lb are diagrams illustrating a typical
ceiling swirl diffuser of the prior art;

Figures 2a and 2b are diagrams illustrating an
adjustable discharge direction blade configuration of a
prior art diffuser;

Figures 3a to 3d are diagrams illustrating an
adjustable discharge direction and an adjustable airflow
rate blade configuration of a diffuser in accordance with
an embodiment of the i1nvention;

Figures 4a to 4d are diagrams illustrating an

adjustable discharge direction and an adjustable airflow
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rate damper configuration of a diffuser in accordance with
an embodiment of the i1nvention;
Figures 5a and 5b are diagrams 1llustrating a floor

swirl diffuser with largely horizontal swirl discharge for

~displacement applications in accordance with an embodiment

of the present i1nvention; and
Figures 6a to 6e are diagrams illustrating a linear
slot diffuser with adjustable discharge direction, both of

the prior art and as an embodiment of the invention.

Detailed Description of the Preferred Embodiments

By way of introducing embodiments of the present
invention, aspects relating to diffusers are firstly
mentioned.

Ceiling diffusers in buildings are usually designed
to discharge air horizontally above head height, with a

throw that largely covers the footprint of the space to be

- dealt with by each diffuser, as reduced throw

(i.e. under-throw) increases the threat of dumping 1in
cooling mode, thereby creating draughts and poor
temperature distribution i1n the occupancy space.
Conversely, increased throw (i.e. over-throw) increases
the threat of air streams clashing with one another or
with obstructions, such as walls, thereby increasing the
threat of draughts.

In spaces requiring heating from ceiling diffusers,
especially if ceilings are high, diffusers with a largely
downward discharge direction are often selected so as to
compensate for the buoyancy of the hot supply air, thereby
improving the penetration of warm supply air into the low
level occupancy zone.

Ceiling swirl diffusers are increasingly being used
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in préference to four-way blow diffusers or other low
indudtidn alr diffusion equipment for both of
afdrementioned applications, as their highly inductive
discharge.draws in and mixes large quantities of room air
into the discharged supply air stream, thereby rapidly .
breaking down the supply-to-room temperature differential
to providé more uniform temperature distribution
throughdut the occupancy space whilst simﬁltaneously
bringing about rapid discharge velocity decay, which
enhances draught-free comfort. )

In order to reduce fan energy during off-peak loads,
variable speed supply air fans or variable alir volume
(VAV) supply alr systems are often used to supply
conditioned air to the diffusers, especially 1n cooling
mode. Such‘systems,'though, are often not used at reduced
airflow rates in heating mode, especially for supply air

discharge from high ceilings, as reduced discharge

velocity from each diffuser reduces the momentum of the

warm and buoyant supply alir being discharged down into the
occupancy space, thereby reducing supply air penetration
to the occupants, impairing heating efficiency.

To deal with variable air flow rates in cooling mode
the diffusers need to provide stable horizontal discharge
with relatively constant horizontal throws of the low
temperature supply air, at both high and low- airflow.
rates. For diffusers that have fixed horizontal
discharge, high airflow rates generally. increase throw,
often producing over-throw, which may cause dréughts where
ailr streams from adjacent diffusers clash or where air
streams hit obstructions such as walls or bulkheads; low
airflow rates generally reduce throw, often causing zones
of stagnation and of increased alr temperature beyond the

throw of the diffuser whilst cold spots or even draughts
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may ocour olose to or beneath the diffuser due to dumping
of cold, 'dense'supply alx into'the oocupancy space In
such Varlable alr Volume appllcatlons standard horlzontal
dlscharge celllng Serl diffusers with flxed horlzontal
dlscharge perform substantlally better both 1n terms of
eff1c1ency and percelved comfort, than horlzontal
dlscharge four way blow dlffusers, due to the hlgher'
induction ratios and better m1x1ng of supply and room air
provided by the former, but even SO, a turndoWn ratio to
approximately 30 to 40 percent is usually the lower limit
of the former in cooling mode, especially 1f the
supply-to-room temperature differential 1s high (often as
high as 16 K); and heating effectiveness of the former 1is
only slightly improved due to the increased mixing, but it

is nevertheless poor due to the horizontal discharge

‘direction of such standard horizontal discharge swirl

diffusers.

- Adjustable dampers, arranged to maintain a largely
constant supply air stream velocity onto a portion of the
swirl vanes, are sometimes used directly upstream of the
diffuser so as to decrease the minimum permissible
diffuser airflow rate. Such dampers are often motorised
for VAV applications, and hence extend the VAV range of
the diffuser, however they typically blank off a portion
of the swirl blades even at the maximum airflow setting,
thereby necessitating the need for oversized diffusers,
and they tend to generate noise due to the increased air
stream velocity onto the active portion of the swirl
blades.

Swirl diffusers with adjustable discharge direction
(usually achieved by altering the diffuser blade angle, or
by adjustable guide vanes or jets of -air that may be

activated to deflect or i1nduce the supply air stream
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downwards) are often used to improve heating efficiency by
directing the warm supply air downwards. Such diffusers
often incorporate thermally powered or electric orx
pneumatic actuators that automatically adjust discharge
direction as a function of the supply alr temperature or
the supply-to-room air temperature differential.
Adjustable blade angle tends to offer the best heating
penetration to a low level, but cooling performance 1is
compromised due to the extremely flat blade angle required
to discharge air horizontally, as thilis, i1n turn, restricts
the aperture between diffuser blades. Indeed, relatively
flat blade angles are required for all of the swirl
diffusers of the prior art in cooling mode; they,
therefore, have to be selected with relatively large

diffusexr face sizes 1n relation to the airflow rate to be

:discharged, negatively impacting space requirements, costs

and aesthetics.

General Overview

‘The embodiments, as described herein, relate
generally to an air diffuser assembly for ceiling
discharge with an air supply supplied from a pressure
plenum or duct.

Figure la is a diagram illustrating the bottom view,
and Figure 1lb the side section view of a typical ceilling
swirl diffuser (18) of the prior art, in which a face
flange (1) that abuts ceiling or duct penetration (2) may
be included in the diffuser discharge face plane (la), and
in which supply airstream (3) flows into diffuser inlet
(4) from duct or supply plenum (5). An optional diffuser
damper, shown fully open (6a) and fully closed (6b), may

be used to manually adjust the airflow rate to the
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diffuser. The airflow rate of airstream (3) to the
diffuser may, additionally, be automatically varied by
means of a variable speéd drive fén,"motorised damper or
similar located upstream of diffuser inlet (4). Such

airflow rate adjustment of supply air stream (3) causes

)

both the airflow rate and the veiocity of damper airstream
(7) onto swirl vanes (8) to increase or decrease
simultaneously, bringing about strong chénges'to the thfow
of discharged swirl airstream (9) into the occupancy

10 space, as throw is a function of airflow rate multiplied
by discharge velocity. Such changes in the throw of swirl
alrstream (9) compromise comfort, as over-throw increases
the threat of draughts, and under-throw that of
stagnation. - Moreover, due to the extremely low momentum
15 of discharged swirl ailrstream (9) at low airflow rates,
the minimum airflow rate 1is typically limited to
approximately 30% and 40% of the maximum airflow rate so
as to prevent the cold and dense supply air from dumping
into the occupancy space when supply airstream airflow

20 rate (31 is turned down.

In order to reduce the throw sensitivity of
discharged swirl airstream (9) to changes 1in supply
alrstream airflow rate (3), 1n order'to reduce the threat
of swirl airstream (9) from dumping at low airflow rates,
25 and és~a means of incorporating independent variable air
volume (VAV) adjustability into individual diffusers,
diffusers of the prior art may adjust supply alrstream
airflow rate (3) via electrically, pneumatically or
thermally_powered actuator (10), to open (6a) and close
30 (6b) a diffuser damper mechanism in the diffuser that
varies the airflow rate, at a largely constant velocity,
of damper airstream (7) onto largely radial swirl blades

(8), thereby -discharging swirl airstream (9) of varying



10

20

25

30

CA 02797196 2012-10-23

WO 2011/130778 PCT/AU2011/000436

- 11 -
volume flow rate at largely éonstant discharge vel5city
over a large portion of the turhdown range. HoWever, the
high velocity of damper airstream (7) onto the active
pOrtiQn of swirl blades (8) may cause excessive
regénerated nOise'from the diffusér.“ Moréo&er,‘diffuser

damper (6a and'6b) blanks off airflow to that portion of

swirl blades (8) directly beneath the damper, thereby

reducing the maximum permissible airflow rate of the
diffuser. This 1s sometimes partially compensated for by
perforating the diffuser damper (6a and 6b) to allow low
momentum supply air (11) to flow through the otherwise
largely inactive portion of swirl blades (8), to be
induced by the higher momentum discharged swirl ailrstream
(9). However, this only partially compensates for the

reduction in diffuser maximum permissible airflow rate

and, indeed, may increase the threat of dumping (lla) as

the diffuser damper approaches the closed position (6b),
given that the airflow rate and momentum of discharged
swirl airstream (9) diminish as the diffuser damper 1s
adjusted from position (6a) to (6b). A further problem
with the damper arrangement integrated into the diffuser
of the prior art, as shown in Figure 1lb, is that the
diffuser damper opens (6a) and closes (6b) by moving
downstream and upstream, respectively. Consequently, 1if
the -diffuser .pressure drop decreases (as described 1n
Figure 2 below) or if air pressure 1n supply duct or
plenum (5) increases (e.g. due to other diffusers 1in the
supply duct system shutting off), not only does damper
airflow rate (7) increase due to the increase 1in supply
air pressure, but it also increases due to an increase 1n
the diffuser damper aperture through which damper
airstream (7) is discharged, caused by the elasticity and

play of the diffuser damper and associated actuator (10)
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mechanism. Consequently, the diffuser damper (6a and 6b)
is pushed further open by the increase in supply ailr
pressure. Changes 1n alr pressure 1in supply duct or
plenum (5), therefore, may cause strong uncontrolled

5 1increases and decreases in discharged swirl airflow rate
(9), .thereby compromising thermostatic temperature control
and thermal comfort in the occupancy space. A diffuser
damper (6a and 6b) operated by an actuator (10) that 1is
thermally powered may be especilially susceptible to such

10 uncontrolled pressure induced aperture adjustment due to a
variety of factors, such as the extremely sensitive
mechanism required to deal with the short and relatively
weak operating stroke of the actuator, the actuator’s high
hysteresis, and the sluggishness that the actuator’s high

15 thermal i1nertia causes to the control response.

Figure 2 1s a diagram illustrating side section views
of the swirl blades (8) of a typical celling swirl
‘diffuser of the prior art, as shown in Figure la, in which
Figure 2a shows the relatively flat blade angle (o) to the

20 diffuser discharge face plane (la) required to achieve
largely parallel discharge of swirl ailrstream (9a)
relative to the diffuser discharge face plane (la), as 18
generally required of a ceiling swirl diffuser operating
in cooling mode.- Shallow blade angle (a) reduces the

25 swirl slot aperture (12) between adjacent swirl blades
(8), thereby restricting the airflow rate of discharged
swirl airstream (9a). Figure 2b shows a further
embodiment of a typical ceiling swirl diffuser of the
prior art, in this instance with adjustable blades, 1in

30 which swirl blades (8) may be swivelled, manually or by
means of at least one thermally, pneumatically or
electrically powered actuator (not shown), to a steep

angle (B) relative to the diffuser discharge face plane
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(1a); in which (B) > (a), to alter the discharge direction

of swirl.airstream (9b) to be largély perpendicular to the

diffuser.discharge face plane (la) , as may be required of
a ceiling'swirl diffuser_operating in heatihg mode, '
éspecially,if the discharge height is.high. Steep blade
angle (B) increases theOQWifl sldt aperture (12a) between
adjacent swifl blades (8), thereby, for a 1arge1y constant
total supply alx pressufe, ihcreasing the airflow rate of
diséharged airstream (9b) relative to that of (9a).
Changes to the angle of diffuser swirl blades (8) may,
therefore, cause strong uncontrolled increases or
decreases in discharged swirl airflow rate (9b and 9a),
thereby compromising thermostétic temperature ccntrol and
thermal comfort in the occupancy space served by that
diffuser; these uncontrolled changes in .supply airflow
rate changes cannot be fully offset by additionally
equipping'the diffuser with adjustable diffuser damper (6a

and 6b in Figure 1) driven by thermally, electrically or

--pneumatibally powered actuator (10 in Figure 1), for the

reasons- - described in Figure 1. Moreover, the change in
the airflow rate of the discharged swirl alirstream (9a and
9b) may cause supply airstream static pressure to the
diffuser, and hence to the entire supply air system
including other diffusers in that system, to change,

thereby compromising thermostatic temperature control and

thermal comfort produced by the entire. system, i1ncluding

in other thermal zones, especially i1f.such zones are
served by diffusers with airflow rate adjustment. by means
of diffuser dampers (6a and 6b) that are thermally
powered.

Figure 3 is a diagram illustrating side section views
of the swirl blades (8) of a ceiling swirl diffuser in

accordance with an embodiment of the invention, 1in which
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Figure 3a shows the increased éwirl'airflow'rate (9¢c) in
comparison to that of the prior art (9a in Figure 2a),
achieved by increasing the aperture of swirl slot (12b)

between swirl blades (8) as a result of the relatively

steep blade angle (al) to the diffuser discharge face
plane (la), whereby (al) > (a in Figure 2a) . Guide slot
airstream (13), which may have a substantially smaller
ailrflow rate than swirl airstream (9¢), 1s discharged
through guide slot (14) and attaches itself to guilde vane
(15) to be directed largely parallel to diffuser discharge
face plane (la) directly downstream of the diffuser.
Discharged swirl airstream (9c¢)_ 1s redirected to a largely
parallel direction relative to the diffuser discharge face
plane (la) by the induction of guide slot ailrstream (13),
creating, relative to the diffuser discharge'face plane
(la),. a largely parallel movement away from the diffuser
of the combined airstreams (9c¢ and 13) directly downstream
of the diffuser. Figure 3b shows a further embodiment of
the invéntion in which swirl blades (8) may be swivelled,
manually or by means of at least one thermally,
pneumatically or electrically pdwered actuator (not
shown), to a steep angle () relative to the plane of
diffuser discharge face (la), 1in which (B) > (al), to
largely close off guide slot (14), thereby shutting off
slot airstream (13), and to alter the discharge direction
of discharged swirl airstream (9d) to be largely
perpendicular to the diffuser discharge face plane (la).
Since the increase in the angle of swirl blade. (8) from
(el) to (RB) is small in comparison to that from (a) to (B)
of the prior art, the increase in the aperture of swirl
slot (12b) to (12c)-and the resultant increase 1n the
discharge swirl airflow rate from (9c) to (9d) are small.

Moreover, these increases are compensated for by largely
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corresponding decreases 1n the aperture of guide slot (14)
and the resultant airflow rate of guide slot airstream
(13), produeihg in a largely constant combined airflow
rate dlscharged by the dlffuser when operatlng at a
1argely constant supply alrstream total preseure,
regardless of the angle of swirl blades (8) 1n the range
(al) to (f). Figure 3c shows a further eﬁbodiment_of the
1nventlon in Wthh swirl blades (8) may be swivelled,
manually or by means of at least one thermally,
pneumatlcally oY electrlcally powered actuator (not
shown), to a shallow angle (a2) relative to the diffuser
discharge face plane (la), in which (a2) < (al), to
throttle both swirl ailrstream (9e) and guide slot
airstream (13a) whilst maintaining largely constant
discharge velocity of both ailrstreams and whilSt
maintaining a largely parallel movement away from the
diffuser of the combined airstreams directly downstream of
the diffuser relative to the diffuser discharge face plane
(la) . Figure 3d shows swirl blades (8) swivelled to
largely shut off airflow from the diffuser.

Figure 4 is a diagram illustrating side section views
of the swirl blades (8) of a ceiling swirl diffuser in
accordance with an embodiment of the invention, in which
Figure 4a shows the increased blade angle (a’l) to the
diffuser discharge face plane (la), whereby (a’l) > (o 1in
Figure 2a). Diffuser damper (6c) 1is in the fully open
pcsition, maximising the apertures of guide slot (14) and
swirl slot -(12bl). Guide slot airstream (13), which may
have a substantially smaller airflow rate than swirl
airstream (9cl), 1is discharged through guide slot (14) and
attaches itself to guide vane (15) to be directed largely
parallel to diffuser discharge face plane (la) directly

downstream of the diffuser. Discharged swirl airstream
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(9cl) is redirected to a largely parallel direction
relative to the diffuser discharge face plane (la) by the

induction of guide slot airstream (13), creating, relative

to the diffuser discharge face plane (la), a largely

parallel movement away from the diffuser of the combined
airstreams (9c¢l and 13) directly downstream of the
diffusef. Figure 4b shows a further embodiment of the
invéntion in which diffuser damper (6d), has been slid,
manually or by means of at least one thermally,
pneumatically or electrically powered actuator (not
shown), to largely close off guide slot (14), thereby
largely shutting off guide slot airstream (13), so as to
alter the discharge direction of discharged swirl
alrstream (9dl) to be largely directed away from the
diffuéer discharge face plane (la). Figure 4c shows a
further embodiment of the invention in which diffuser
damper (6e) may be. slid, manually or by means of at least
one thermally, pneumatically or electrically powered
actuator (not shown), to partially close the aperture of
swirl slot (12dl), so as to throttle swirl airstream (Sel)
whilst maintaining largely constant discharge velocity and
whilst maintaining a largely parallel movement away from
the diffuser of the combined swirl (9el) and guide slot
(13) airstreams directly downstream of the diffuser
relative to the diffuser discharge face plane (1la).
Figure 4d shows diffuser damper (6f) slid to largely shut
off airflow from the diffuser whilst maintaining a largely
parallel movement away from the diffuser of the guide slot
airstream (13) directly downstream of the diffuser
relative to the diffuser discharge face plane (1la).
Figures 5a and 5b are diagrams illustrating a top
view and a section of a floor swiri diffuser in accordance

with an embodiment of the invention, in which swirl slot
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(12e) , which discharges swirl air stream (9f), alternates
with guide slot (14a), which discharges guide slot air
stream (13b). Swirl airstream (9f) 1s discharged at a
relatively steep angle (®1) to the diffuser discharge face
plané (la) . Guide slot airstream (13b), which may have a
substantially smaller airflow rate than swirl airstream
(9f), is discharged at-a shallow angle (®2) to the
diffuser discharge face plane (la), 1in which (92) < (01),

so as to attach itself to the diffuser face (1b) to be

directed largely parallel to diffuser discharge face plane

(la) directly downstream of the diffuser. Discharged

swirl airstream (9f) is redirected to a largely parallel
direction relative to the diffuser discharge face plane
(la) by the induction of discharged guide slot ailrstream
(13b), creating, relative to the diffuser discharge face
plane (la), a largely parallel movement away from the
diffuser of the combined airstreams (9f and 13b) directly
downstream of the diffuser. The total floor swirl
diffuser airflow rate discharged by this embodiment of the
invention may be greater than that of a comparable floor
swirl diffuser (i.e. of similar face size, slot length,
slot width, number of slots and operating pressure) that
produces discharge parallel to the diffuser discharge face
plane but without alternating slot discharge angles.
Figure 6a is a diagram illustrating the bottom view
of a linear slot diffuser, as it would appear in some
embodiments both of the prior art and of the invention. A
nmultitude of slotted barrels (l6a or 16b) in the linear
slot diffuser may have'alternating discharge direction as
shown in Figure 6b, which illustrates an embodiment of the
prior art, and in Figure 6c¢, which 1llustrates an
embodiment of the invention, in which the latter shows the

increased airflow rate in comparison to that of the former
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by virtue of the increaéed-discharge angle (a4 > o3) of
the primary air stream (9h relative to 9g) which results
in reduced resistance, as well as due to the potential to
increase the overall slot width (17b > 17a). Guide slot
airstream (13c), which may have a substantially smaller
airflow rate than primary airstream (9h), is discharged
through guide slot (14b) and attaches itself to diffuser
face flange (lc) to be directed largely parallel to
diffuser discharge face plane (la) directly downstream of
the diffuser. Discharged primary alirstream (9h) is
redirected to a largely parallel direction relative to the
diffuser discharge face plane (la) by the induction ot
guide slot airstream (13c¢), creating, relative to the
diffuser discharge face plane (la), a 1argely parallel
movement .away from the diffuser of the combined airstreams

(9h and 13c¢) directly downstream of the diffuser.

- Figure 6d shows embodiments of the prior art in which the

left and right illustrations depict the diffuser discharge
direction adjusted largely downwards, whilch may be
achieved by turning the barrels (1l6a) to direct supply air
1argely.downwards;'the middle figure shows barrels (1l6a)
turned to shut off supply airflow. Figure 6e shows a
further embodiment of the invention in which the left and
right illustrations depict barrels (16b) turned to direct
supply air largely downwards; the middle figure shows
barrels (16b) turned to shut off supply airflow. When
discharging supply air largely downwards, the embodiment
illustrated in Figure 6e may have increased alrflow rate
in comparison to the downward discharge embodiment of the
prior art illustrated in Figure 6d, by virtue of the
reduced resistance to the airflow within the barrel

(16b vs 16a), as well as due to the potential to increase

the overall slot width (17c > 17a).



10

15

20

25

30

CA 02797196 2012-10-23

WO 2011/130778 PCT/AU2011/000436

. ) 19_

For reasons of simplicity, the,iilustrations above
show neither embodiments of the invention incorporating
more than one guide slot for each opening or slot that
discharges a swirl alr stream or primary ailr stream, nor
embodiments of the inventlon incorporating more than one
opening or slot discharging a swirl or primary airstream
for each guide slot that discharges a guide alr stream.

For reasons of simplicity, the illustrations above
show the discharge openings largely coincident with a
plane that is largely coincident with the diffuser
discharge plane. It will be appreciated by persons
skilled in the art that the discharge openings need not be
coincident with a plane (for example, they may lie on a
curved surface) and that they need not be coincident with
the diffuser discharge plane (which, for example, may be a
verforated plate further downstream).

It will be appreciated by persons skilled in the art
that numerous variations and/or modifications may be made
to the invention as shown in the specific embodiments
without departing from the spirit or scope of the
invention as broadly described. The present embodiments
are, therefore, to be considered in all respects as
illustrative and not restrictive.

Any reference to prior art contained herein 1s not to
be taken as an admission that the information is common

general knowledge, unless otherwise indicated.
Advantageous Features of the Embodiments Described Herein

An air delivery system incorporating the diffuser
described herein provides the potential for substantial
energy savings and more -effective performancé, as well as

for improved thefmal comfort, reduced capital cost and
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HVAC systems’ that deliver supply air to spaces via
dlffusers w1th gulde slots in accordance w1th the.
1nventlon may be designed to operate with varlable epeed
drive fans or may incorporate devices, such as varlable
air volnme (VAV) boxes, to reduce alrflow during perlods
of low thermal load, thereby saving fan energy, as a
dlffuser as descrlbed by these embodlments of the '
invention, when conflgured to discharge air largely
horizontally, can have the supply ailir turned down to a far
lower airflow rate, whilst maintaining stable and largely
horizontal discharge, than is possible with comparable
diffusers of the prior art. Moreover, this 1s generally
achieved without requiring an increase 1n operating
pressure. This provides substantial potential for
increased fan energy savings. Additionally, the maximum
airflow rate that may be discharged by a diffuser as -
described by some embodiments of the invention is greater
than that of a comparable diffuser of the prior art,
thereby potentially allowing a smaller number of diffusers
to be used, or a smaller diffuser face size to be
selected, hence reducing capital costs and improving
aesthetics. Embodiments of the invention allow the
diffuser to provide variable geometry airflow rate and
discharge direction adjustment that improves occupancy
zone air. temperature control, increases heating
efficiency, and reduces uncontrolled ailrflow rate
fluctuations due to system supply air pressure changes,
thereby. improving both occupant comfort and system

efficiency.
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WE CLATIM:

1. An ailr diffuser comprising, at least one primary
discharge element and at leasgt one secondary discharge
element, wherein:

the secondary discharge element 1s arranged to
discharge a secondary alrstream that flows across at least
one surface of the diffuser that directs the secondary
alrstream substantially in a plane of a discharge face of the
diffuser and downstream of the secondary discharge element;
and

the primary discharge element is arranged to discharge
a primary airstream in a direction that is different to the
direction of the secondary airstream, the primary ailrstream
being induced by the secondary discharged airstream,
downstream of the primary discharge element, such that the
direction of the primary discharged airstream 1is
substantially determined by the direction of travel of the

secondary airstream.

2. An air diffuser 1n accordance with Claim 1, wherein the

primary airstream has a substantially greater airflow rate

than the secondary airstream.

3. An ailr diffuser 1n accordance with Claim 1, wherein the
discharge direction of the primary airstream when discharged
in the absence of the secondary airstream i1is different to the
discharge direction of the primary airstream when discharged

in the presence of the secondary ailrstream.

CA 2797196 2017-11-14
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4 . An air diffuser in accordance with Claim 1, wherein a

secondary airflow rate element is manipulable to vary an

airflow rate of the secondary ailrstream.

5. An air diffuser in accordance with Claim 4, wherein the

discharge direction of the primary airstream varies when the

secondary airflow rate element is manipulated.

6. An air diffuser in accordance with Claim 1, wherein a
primary alrflow rate element i1s manipulable to vary the

airflow rate of the primary airstream.

7. An air diffuser in accordance with Claim 1, wherein the
primary discharge element defines a common airflow rate
element that is manipulable to vary the airflow rates of the

secondary airstream and of the primary airstream.

8. An air diffuser in accordance with Claim 7, wherein the

common airflow rate element may vary the airflow rates of the
primary alrstream and of the secondary alirstream

substantially independently of one another.

9. An alr diffuser in accordance with Claim 8, wherein
manipulation of the common airflow rate element reduces the
alirflow rate of the primary airstream without substantially
changing the airflow rate of the secondary airstream; or,
wherein manipulation of the common airflow rate element
reduces the airflow rate of the secondary airstream without

substantially changing the airflow rate of the primary

alrstream.

CA 2797196 2017-11-14
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10. An air diffuser in accordance with Claim 8, wherein
manipulation of the common airflow rate element reduces the
alrflow rate of the primary ailrstream without substantially
changing a combined airflow rates of the primary airstream
and of the secondary airstream; oy,

wherein manipulation of the common airflow rate element
reduces the airflow rate of the secondary airstream without

substantially changing the combined airflow rates of the

primary alrstream and of the secondary airstream.

11. An ailr diffuser in accordance Claim 1, wherein the
primary discharge element 1is manipulable to alter an airflow

rate of the primary airstream.

12. An alr diffuser in accordance with Claim 1, wherein the
primary discharge element 1s manipulable to alter an airflow

direction of the primary airstream.

13. An air diffuser i1n accordance with Claim 12, wherein
the airflow rate discharged by the primary discharge element

remains constant, for a constant total supply air pressure,

1n the range of airflow direction adjustment.
14 . An air diffuser 1n accordance with Claim 1, wherein the

secondary discharge element 1s manipulable to alter an

airflow rate of the secondary airstream.

15. An alr diffuser in accordance with Claim 1, wherein the

secondary discharge element 1s manipulable to alter an

CA 2797196 2017-11-14
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alrflow direction of the secondary airstream.

16. An air diffuser in accordance with Claim 1, wherein

deflection of the primary discharge element due to an
increase in supply air pressure causes a primary discharge

element aperture to be reduced, and wherein deflection cf the
primary discharge element due to a decrease in supply air

pressure causes the primary discharge element aperture to be

increased.

17. A ducting system incorporating at least one air

diffuser 1n accordance with Claim 1.

18. An air supply system incorporating at least one air

diffuser in accordance with Claim 1.

CA 2797196 2017-11-14
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Section B-B

Figure 2b

Figure 2a
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