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(57)  Afan coil unit (300; 700; 800) for a heating, ven-
tilation, and air conditioning (HVAC) system, the fan coil
unit (300; 700; 800) comprising: a cabinet (202) having
an inlet (208) and an outlet (210), the cabinet housing: a
heat exchanger assembly (206), a fan assembly (204),
a separator (220) extending across the fan assembly
such that the cabinet is divided into an inlet portion (222)
and an outlet portion (224), with the fan assembly being
for generating a pressure difference between the inlet
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portion and the outlet portion, and a silencer (350; 750;
850a, 850b) configured to reduce noise generated in the
fan coil unit (300; 700; 800) during use of the fan assem-
bly (206) to move air between the inlet (208) and the
outlet (210) of the cabinet (202), the silencer comprising:
one or more cells (360a, 360b, 360c; 400a; 400b; 400c;
400d; 760a, 760b), wherein each cell comprises an end
wall (354; 754), and a perforated wall (352; 752) spaced
apart from the end wall.
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Description

[0001] The present invention relates to a fan coil unit
ofaheating, ventilation, and air conditioning (HVAC) sys-
tem, particularly to a system and method for reducing
noise in such a system.

[0002] A fan coil unit of a HVAC system typically in-
cludes a fan positioned in a housing or cabinet to direct
airflow across a heat exchanger in the cabinet. The air-
flow then exits the fan coil unit as supply airflow for the
system to cool, heat or otherwise condition a space, de-
pending on the operational mode or configuration of the
HVAC system.

[0003] Typical fan configurations and orientations in
the cabinet have led to units which are too large to be
used in confined spaces such as narrow false ceilings or
false floors.

[0004] In the prior art, proposals have been made for
fan coil units that may be more space efficient. An exam-
ple configuration of a so-called "slim" fan coil unit is dis-
closed in WO 2019/171096 and is described in further
detail below.

[0005] Figure 1 shows a cross-sectional view of a fan
coil unit 10 of a HVAC system. The fan coil unit 10 in-
cludes a cabinet or housing duct 12 which houses various
components of the fan coil unit 10. For example, the cab-
inet 12 houses a heat exchangerassembly 14 configured
to cool or heat air in its vicinity and a fan assembly 16
configured to circulate air through the heat exchanger
assembly 14. Depending on the desired specification of
the fan coil unit 10, the fan assembly 16 may be posi-
tioned either upstream of the heat exchanger assembly
14 (i.e. a "blow through" configuration), as is shown in
Figure 1, or downstream of the heat exchanger assembly
14 (i.e. a "draw through" configuration).

[0006] The heatexchanger assembly 14 shown in Fig-
ure 1 comprises a single heat exchanger coil 18 arranged
perpendicular to the primary flow direction of air through
the cabinet 12, wherein the primary flow direction is
shown to generally be from left to right of the fan coil unit
10 shown in Figure 1. In a heating mode, the heat ex-
changer assembly 14 is configured to heat the air in the
primary flow as it passes through the heat exchanger
assembly 14. In a cooling mode, the heat exchanger as-
sembly 14 is configured to absorb heat from the air pass-
ing though the heat exchanger assembly 14. In either
mode, the air is provided to one or more spaces to be
conditioned.

[0007] The cabinet 12 comprises at least one inlet 20
through which air flows into the cabinet 12 and at least
one outlet 22. The inlet 20 is located at a first cabinet end
24 and the outlet 22 is located at a second cabinet end
26, wherein the second cabinet end 26 is opposite the
first cabinet end 24. The airflow flows in a general flow
direction 28 from the inlet 20 to the outlet 22.

[0008] The fan assembly 16 includes a fan housing 30
and an impeller 32 located in the fan housing 30 and
being configured to be driven about an axis of rotation
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34. The axis of rotation 34 is perpendicular to the general
flow direction 28 through the cabinet 12. Thatis, in Figure
1, the general flow direction 28 is from left to right, where-
as the axis of rotation 34 is oriented vertically.

[0009] The cabinet 12 also houses a separator 36
which extends across the fan assembly 16 such that the
fan assembly 16 is located at a separator opening 38.
The separator 36 divides the cabinet 12 into an inlet por-
tion 40 upstream of the fan assembly 16, and an outlet
portion 42 downstream of the fan assembly 16. The fan
assembly 16 comprises a fan inlet 44 and a fan outlet
46, where the fan inlet 44 is located in the inlet portion
40 and the fan outlet 46 is located in the outlet portion
42. In this way, the air must pass through the fan assem-
bly 16 to move from the inlet portion 40 to the outlet por-
tion 42.

[0010] The separator 36 includes an upstream section
48 extending away from a lower cabinet wall 50 towards
the fan assembly 16. The upstream section 48 extends
such that a cross-sectional flow area of the inlet portion
40 decreases along the general flow direction 28 as the
upstream section 48 approaches the fan assembly 16.
Similarly, the separator includes a downstream section
52 extending away from the fan assembly 16 towards an
upper cabinet wall 54. The lower cabinet wall 50 and the
upper cabinet wall 54 are opposite one another and the
distance between these walls is known as the cabinet
thickness 56. The lower cabinet wall 50 and the upper
cabinet wall 54 each extend between the inlet 20 and the
outlet 22.

[0011] The upstream section 48 and the downstream
section 52 are positioned on opposite sides of the fan
assembly 16 from one another and are such that the up-
stream section 48 extends towards a side of the fan as-
sembly 16 that faces the inlet 20 and the downstream
section 52 extends from a side of the fan assembly 16
that faces the outlet 22. The downstream portion 52 ex-
tends such thata cross-sectional area of the outlet portion
42 increases along the general flow direction 28 as the
downstream section 52 approaches the cabinet upper
wall 54.

[0012] The example fan coil unit above may have a
smaller cabinet thickness compared to that of other fan
coil unit configurations. A fan coil unit having a reduced
cabinet thickness compared to typical fan coil units may
be referred to as a "slim" fan coil unit. This small thickness
may have three consequences:

* A reduced cabinet thickness may lead to an in-
creased internal pressure in the cabinet.

e This reduced cabinet thickness may lead to the use
of a smaller diameter impeller compared to those
used in common configurations. The reduced diam-
eter of the impeller and the increased internal pres-
sure may require that the impeller rotation speed is
higher compared to typical fan coil unit configura-
tions.

* Typical types of fans used in typical fan coil units
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have alarge number of small forward curved blades.
Such fans are not suitable for use in fan coil units
having a reduced cabinet thickness. Instead, the im-
peller described above may have a few backward
curved blades. This type of fan may be known as a
"plug fan".

[0013] Asaresult,suchslimfan coil units may generate
high levels of audible noise. Such noise is not desirable,
and so there is a need for noise reduction in fan coil units
of HVAC systems.

[0014] Viewedfrom afirstaspect, the presentinvention
provides a fan coil unit for a heating, ventilation, and air
conditioning (HVAC) system, the fan coil unit comprising:
a cabinet having an inlet and an outlet, the cabinet hous-
ing: a heat exchanger assembly, a fan assembly, a sep-
arator extending across the fan assembly such that the
cabinet is divided into an inlet portion and an outlet por-
tion, with the fan assembly being for generating a pres-
sure difference between the inlet portion and the outlet
portion, and a silencer configured to reduce noise gen-
erated in the fan coil unit during use of the fan assembly
to move air between the inlet and the outlet of the cabinet,
the silencer comprising: one or more cells, wherein each
cell comprises an end wall, and a perforated wall spaced
apart from the end wall.

[0015] An advantage of first aspect is that noise gen-
erated in the fan coil unit may be reduced by the silencer
while maintaining the space efficiency of fan coil units
similar to the example described in WO 2019/171096.
That is, the invention may make use of space in the fan
coil unit to provide a discreet silencer for noise reduction
without changing the dimensions of the cabinet. The in-
ventor has realised that the space reducing measures in
prior art such as WO 2017/171096 can undesirably in-
crease noise/vibration and the proposed silencer ad-
dresses this without any disadvantage regarding dimen-
sions.

[0016] The following describes optional features that
may be combined with the fan coil unit of the first aspect.
[0017] The silencer may further comprise a sound ab-
sorbing material occupying at least some of the space
between the perforated wall and the end wall of at least
one of the cells. As discussed further below, the use of
a sound absorbing material may be with varying arrange-
ments of spacing within the cell(s). The inventors have
found that a cellular construction with a perforated wall
combines well with the addition of sound absorbing ma-
terial to provide increased performance for the silencer.
[0018] The cabinetmay have ahorizontal direction and
a vertical direction. The horizontal direction may be de-
fined as the direction extending between the inlet and
the outlet and/or between an inlet end and an outlet end
of the cabinet. The inlet end may be a region within the
cabinet that is proximate to the inlet. The inlet end may
be entirely within the inlet portion. The outlet end may be
a region within the cabinet that is proximate to the outlet.
The outlet end may be entirely within the outlet portion.
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The vertical direction may be orthogonal to the horizontal
direction. The cabinet may have a cabinet thickness,
wherein the cabinet thickness may be parallel to the ver-
tical direction.

[0019] The fan assembly may comprise a fan housing
and an impeller, wherein the impeller may be located in
the fan housing. The impeller may be configured to rotate
about an axis of rotation. The fan assembly may have a
fan assembly inlet and a fan assembly outlet. The fan
assembly may be a plug fan.

[0020] The impeller may be configured to rotate at
speeds in the range 1500 rpm to 3500 rpm, or optionally
2500 rpm to 3500 rpm, when in use. The impeller may
have a number of blades equal to or fewer than 12. The
impeller may be a backwards curved impeller, meaning
thatthe blades may be curved backwards. The difference
in flow direction between a forward and backward curved
impeller is the direction that the air exits the impeller cir-
cumference. With a backward curved impeller, the air
exits in a radial direction whereas with a forward curved
the air exits tangentially from the circumference of the
impeller.

[0021] Due to the rotation speed and the number of
blades, the impeller may generate high levels of audible
noise. This noise may have a significant component in
the frequency range 200-500 Hz, which may be signifi-
cantly lower to the frequency range of maximum noise
emitted by typical configurations of fan coil units. Thatis,
the impeller may have a blade passing frequency be-
tween 200 Hz and 500 Hz when in operation. In this fre-
quency range, the impeller may induce relatively large
amounts of aerodynamic noise when in operation that
result in generation of noise from the fan coil unit.
[0022] The inlet may be adjacent to the inlet portion
and the outlet may be adjacent to the outlet portion. The
inlet may be at a cabinet first end and the outlet may be
at a cabinet second end. The inlet may be opposite the
outlet. The cabinet first end may be opposite the cabinet
second end. The inlet portion may be fluidly connected
to the outlet portion via the fan assembly such that the
air must pass through the fan assembly to move from the
inlet portion to the outlet portion.

[0023] The air flow from the inlet to the outlet may turn
within the cabinet as it passes through the fan assembly.
Thus, the cabinet may have a horizontal direction defined
with reference to the inletend and outlet end as discussed
above, which may be a direction between the cabinet
first end and the cabinet second end, and the air may
turn away from the horizontal direction as it passes
through the fan assembly.

[0024] A general flow direction may be defined as the
overall flow direction of air within the fan coil unit when
the fan coil unitis in operation. The general flow direction
may be from the inlet end to the outlet end. The general
flow direction may be parallel to the horizontal direction.
The axis of rotation may be perpendicular to the general
flow direction. The axis of rotation may be perpendicular
to the horizontal direction and may be parallel to the ver-
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tical direction.

[0025] The separator may comprise a separator open-
ing, wherein the separator opening may surround the fan
assembly inlet. The fan assembly may be mounted to
the separator such that the fan housing is substantially
within the outlet portion or substantially within the inlet
portion. The distribution of the fan assembly may vary
between configurations and the proportion of the fan as-
sembly thatis presentin the inlet and outlet portions may
therefore change.

[0026] The separator may include an upstream sec-
tion, a downstream section, and a central section. The
cabinet may further comprise a lower cabinet wall and
an upper cabinet wall. The lower cabinet wall may be
opposite the upper cabinet wall. The lower cabinet wall
and the upper cabinet wall may extend between the inlet
and the outlet. The distance between the upper cabinet
wall and the lower cabinet wall may define the cabinet
thickness.

[0027] The upstream section may extend away from
the lower cabinet wall towards the fan assembly and may
connectto the central section. The upstream section may
extend such that a cross-sectional flow area of the inlet
portion decreases along the general flow direction as the
upstream section approaches the fan assembly. That is,
the upstream section may extend upwards and at an an-
gle from the lower cabinet wall towards the fan assembly
and may connect to the central assembly.

[0028] The central assembly may extend in the hori-
zontaldirection only. Thatis, the central section may have
no component that extends in the vertical direction. The
central section may comprise the separator opening. The
central assembly may partially or fully extend over a hor-
izontal extent of the fan assembly.

[0029] The upstream section and the downstream sec-
tion may be positioned on opposite sides of the fan as-
sembly from one another. The upstream section may ex-
tend towards an inlet side of the fan assembly. The down-
stream section may extend from an outlet side of the fan
assembly. That is, the inlet side of the fan assembly may
face a direction towards the inlet and the outlet side of
the fan assembly may face a direction towards the outlet.
The horizontal extent of the fan assembly may be the
horizontal distance between the inlet side of the fan as-
sembly and the outlet side of the fan assembly.

[0030] The downstream section may extend from the
central section and away from the fan assembly towards
the upper cabinet wall. The downstream portion may ex-
tend such that a cross-sectional area of the outlet portion
increases along the general flow direction as the down-
stream section approaches the cabinet upper wall.
[0031] The silencer end wall may be opposite to the
perforated wall. The silencer end wall may abut the sep-
arator. Alternatively, the silencer end wall may be spaced
apart from the separator. A further alternative is that the
silencer end wall may be integral with the separator.
[0032] Thesilencerendwallmay abut, be spaced apart
from or be integral with the upstream portion of the sep-
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arator. Alternatively, the silencer end wall may abut, be
spaced apart from or be integral with the downstream
portion of the separator. The silencer end wall may be
provided by a surface of the separator.

[0033] The silencer may have a silencer lower wall.
The silencer lower wall may abut or be spaced apart from
or be integral with the cabinet lower wall. Alternatively,
the silencer may have an upper wall. The silencer upper
wall may abut or be spaced apart from or be integral with
the cabinet upper wall.

[0034] The silencer may be positioned in the inlet por-
tion of the cabinet or in the outlet portion of the cabinet.

[0035] The fan coil unit may comprise more than one
silencer.
[0036] The silencer may be a self-contained unit that

may be installed in existing fan coil units.

[0037] The perforated wall may face the fan assembily,
and thus the perforated wall may have a surface facing
into the inlet portion or the outlet portion. Advantageous-
ly, the perforated wall has a surface facing into the outlet
portion and hence facing into a space occupied by higher
pressure air that has passed through the fan. As noted
above, the end wall is spaced apart from the perforated
wall and may be opposite the perforated wall. The end
wall may effective be behind the perforated wall relative
to the fan assembly, with the perforated wall hence being
in between the fan assembly and the end wall.

[0038] The perforated wall may have a plurality of
holes. For example, the perforated wall may have a per-
foration rate equivalent to having 1 to 3200 holes in a
circular plate with a diameter of 100mm. The plurality of
holes may each have the same diameter between 0.25
mm and 3 mm or they may each have a diameter between
0.25 mm and 3 mm. The perforated wall may have a
thickness between 0.25 mm and 2.5 mm, or optionally
between 0.5 mm and 1.5 mm. The perforated wall may
have a perforation rate of between 0.1% and 2.5%, or
optionally between 0.5% and 1%. The perforated wall
may be constructed from metal, plastic, composite, or
other appropriate material.

[0039] The sound absorbing material may be a porous
material, for example it may be a foam material, a woven
material or a felted material, mineral fibre or cotton felts.
The sound absorbing material may have a density of be-
tween 10 kg/m3 and 150 kg/m3 or optionally between 20
kg/m3and 100 kg/m3. The sound absorbing material may
have a thickness between 1 cm and 15 cm or optionally
between 2 cm and 5 cm. The sound absorbing material
may abut the silencer end wall. The sound absorbing
material may extend partially or fully along a height of
the silencer.

[0040] The sound absorbing material may be spaced
apart from the perforated wall. That is, there may be a
gap between the sound absorbing material and the per-
forated wall, for example a gap of 1 cm to 15 cm or op-
tionally a gap of 2 cm to 5 cm. Alternatively, the sound
absorbing material may abut the perforated wall. The
sound absorbing material may abut the perforated wall
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along the full length of the perforated wall or partially
along the length of the perforated wall.

[0041] Each of the one or more cells may have a cell
length extending in the horizontal direction. The cell
length may be the distance along the cell between the
perforated wall and the end wall, including space occu-
pied by the sound absorbing material. Each of the one
or more cells may have a cell height extending in the
vertical direction. Each of the one or more cells may have
different cell lengths from one another. Each of the one
or more cells may have different cell heights from one
another. The cell length is measured from the midpoint
of the cell height from the perforated wall to the end wall.
[0042] An advantage of a silencer having two or more
cells of differing lengths is that each of the cells may be
tuned to reduce different noise frequencies and their har-
monics, and so may attenuate noise over a greater fre-
quency range compared to one or more cells all having
the same length. The cells may include multiple cells
each with a cell length in the range 1 cm to 15 cm, ad-
vantageously with multiple cells having differing cell
lengths.

[0043] Cells attenuate noise at frequencies attributed
to its cell length. A sound absorbing material may be lo-
cated within one or more of the cell(s), and optionally
within all of the cells.

[0044] An advantage of having sound absorbing ma-
terial in a cell may be to improve the attenuation at the
resonance frequency of the cell and to widen the peak
of maximum attenuation.

[0045] In the case of the silencer having two or more
cells, the cells may be stacked on one another in the
vertical direction, with vertical defined relative to the cab-
inet/housing as set out above. That is, the silencer may
have at least a bottom cell and a top cell. In this way, the
overall cross-sectional shape of the silencer may be tri-
angular or trapezoidal in a plane defined by the horizontal
direction and the vertical direction.

[0046] In the case that the silencer has two cells, there
may be a bottom cell and a top cell, wherein the upper
boundary of the bottom cell may be the lower boundary
of the top cell. In the case of the silencer having more
than two cells, the silencer may have a bottom cell, a top
cell, and one or more middle cells.

[0047] Each of the one or more cells may have a tri-
angular cross-section or a trapezoidal cross-section
along their lengths. That is, the cross-section of each of
the one or more cells may be triangular or trapezoidal in
a plane defined by the horizontal direction and the vertical
direction. Alternatively or additionally, at least one of the
cells may have a rectangular cross-section along the cell
length.

[0048] Each of the one or more cells may be bounded
on afirst end by the perforated wall and on a second end
by the silencer end wall. At least one of the one or more
cells comprises the sound absorbing material. That is,
each of the one or more cells may have a cell cavity
defined by boundaries of the cell and the sound absorbing
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material may be disposed in the cell cavity of at leastone
of the one or more cells.

[0049] In the case of a cell having a triangular cross-
section, the cross-section may correspond to a right-an-
gled triangle or it may be an oblique triangle, where ob-
lique triangles comprise acute triangles and obtuse tri-
angles.

[0050] Inthe case of a cell having a trapezoidal cross-
section, the cross-section may correspond to a right-an-
gled trapezoid, an acute trapezoid or an obtuse trape-
zoid.

[0051] The silencer may comprise one or more addi-
tional perforated walls, for example further walls spaced
apart from one another. Each of the one or more addi-
tional perforated walls may divide at least of the one or
more cells into smaller sub-cells. That is, one or more of
the one or more cells may comprise two or more sub-
cells, wherein one or more of the sub-cells may comprise
a sound absorbing material.

[0052] The heat exchanger assembly may comprise
one or more heat exchanger coils. The one or more heat
exchanger coils may be arranged in a generally V-
shaped configuration, a generally A-shaped configura-
tion, a generally N-shaped configuration, or any other
appropriate configuration. The heat exchanger assembly
may have fluid connections for receiving a fluid for use
in heating or cooling the air that passes through the fan
coil unit. These connections may be for allowing the heat
exchanger assembly to operate within a cooling or heat-
ing circuit such as through being a so-called water ter-
minal or air terminal, for example a water terminal for a
hydronic cooling system. Alternatively the connections
may be for joining the heat exchanger assembly to a re-
frigeration circuit

[0053] The fan assembly may be configured to drive
air through the heat exchanger assembly to heat or cool
the air passing through the heat exchanger assembly,
depending on the mode of the HVAC system. That is, in
a heating mode, the heat exchanger assembly may be
configured to heat the air as it passes through the heat
exchanger assembly by absorbing heat that is rejected
from the heat exchanger, for example from a fluid within
the heatexchanger. In a cooling mode, the heatexchang-
er assembly may be configured to absorb heat from the
air passing though the heat exchanger assembly and
hence to cool the air, which may be done by heating a
fluid within the heat exchanger. In either mode, the air
that has passed through the heat exchanger may be pro-
vided to one or more spaces to be conditioned.

[0054] The heat exchanger assembly may be up-
stream from the fan assembly or it may be downstream
from the fan assembly.

[0055] The fan coil unit may be connected to spaces
to be conditioned or to other components by ductwork.
For example, the outlet may be connected directly to a
space to be conditioned or may be connected to one or
more spaces to be conditioned by ductwork.

[0056] The air being heated or cooled in the fan coil
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unit may be provided from a return air duct connected to
a space to be conditioned and/or may be fresh air drawn
in from an outside source.

[0057] Viewedfromasecondaspect,theinvention pro-
vides a method for noise reduction in a fan coil unit for a
heating, ventilation, and air conditioning (HVAC) system,
the fan coil unit comprising: a cabinet having an inlet and
an outlet, the cabinet housing: a heat exchanger assem-
bly, a fan assembly, and a separator extending across
the fan assembly such that the cabinet is divided into an
inlet portion and an outlet portion, with the fan assembly
being for generating a pressure difference between the
inlet portion and the outlet portion, the method comprising
providing a silencer configured to reduce noise generat-
ed in the fan coil unit during use of the fan assembly to
move air between the inlet and the outlet of the cabinet,
the silencer comprising: one or more cells, wherein each
cell comprises an end wall, and a perforated wall spaced
apart from the end wall.

[0058] The method may relate to a fan coil unit having
features as discussed above in connection with the first
aspect and optional features thereof. The method may
include determining the expected frequencies of noise
from the fan assembly and providing the silencer with
suitable dimensions, such as dimensions selected from
those above, in order to reduce noise emissions from the
fan coil unit.

[0059] The method may involve operating the fan coil
unit, wherein the fan assembly may comprise a fan hous-
ing and an impeller located in the fan housing, wherein
the method may further comprise driving the impeller at
speeds in the range of 1500 rpm to 3500 rpm or optionally
2500 rpm to 3500 rpm.

[0060] The method may further comprise using the fan
assembly to draw in air through the inlet, through the heat
exchanger assembly, and out of the cabinet via the outlet.
The path taken by the airflow may be restricted by the
separator such that the airflow must pass through the fan
assembly when moving from the inlet portion to the outlet
portion.

[0061] Certain example embodiments of the invention
will now be described by way of example only and with
reference to the accompanying drawings in which:

Figure 1 shows an example fan coil unit having fan
coil features that are known from the prior art.
Figure 2 shows a schematic view of a fan coil unit.
Figure 3 shows a schematic view of a fan coil unit
comprising a silencer in an outlet portion.

Figures 4A, 4B, 4C, and 4D show detailed schematic
views of variations of a cell that may form part of the
silencer.

Figures 5A and 5B show schematic views of varia-
tions on the shape of cell cross-sections.

Figures 6A and 6B show schematic views of varia-
tions of a silencer having three cells.

Figure 7 shows a schematic view of a fan coil unit
having a silencer in an inlet portion.

10

15

20

25

30

35

40

45

50

55

Figure 8 shows a schematic view of a fan coil unit
having a silencer in each of the inlet portion and the
outlet portion.

[0062] Figure 2 shows a schematic view of a fan coil
unit 200 as a cross-section of the fan coil unit 200. The
fan coil unit 200 comprises a cabinet 202 for housing a
fan assembly 204 and a heat exchanger assembly 206.
The cabinet 202 has an inlet 208 and an outlet 210.
[0063] The fan assembly 204 comprises a fan assem-
bly housing 212 and an impeller 214 housed in the fan
assembly housing 212. The fan assembly 204 also has
a fan inlet 215. In this case, the fan assembly 204 is a
centrifugal fan assembly and the impeller 214 is a back-
wards curved impeller. The fan assembly 204 may be
positioned either upstream of the heat exchanger assem-
bly 206 (i.e. a "blow through" configuration), as is shown
in Figure 1, or downstream of the heat exchanger as-
sembly 206 (i.e. a "draw through" configuration).

[0064] The heat exchanger assembly 206 shown in
Figure 2 comprises a single heat exchanger coil 216 and
a condensate pan 218. The heat exchanger coil 216 is
arranged perpendicular to the primary flow direction of
air through the cabinet 202, wherein the primary flow di-
rection is shown to be from the left of the cabinet 202 to
right of the cabinet 202 shown in Figure 2. In a heating
mode, the heat exchanger assembly 206 is configured
to heat the air in the primary flow as it passes through
the heat exchanger assembly 206. In a cooling mode,
the heat exchangerassembly 206 is configured to absorb
heat from the air passing though the heat exchanger as-
sembly 206. In either mode, the air is provided to one or
more spaces to be conditioned.

[0065] The cabinet202alsocomprises aseparator220
positioned in the cabinet 202 in order to divide the cabinet
into an inlet portion 222 and an outlet portion 224. The
fan assembly 204 is mounted to the separator 220 such
that, when the fan coil unit 200 is in operation, air must
travel through the fan assembly 204 in order to flow from
the inlet portion 222 to the outlet portion 224. To achieve
this, the separator 220 comprises a separator opening
221 which allows fluid communication between the inlet
portion 222 and the fan inlet 215. The fan assembly 204
is mounted on the outlet side of the separator 220 so that
the fan assembly is substantially within the outlet portion
224.Inthis way, in operation, the fan assembly 204 draws
air from the inlet portion 222 through the separator open-
ing 221 and the fan inlet 215 into the fan assembly 204
and expels air from the fan assembly 204 into the outlet
portion 224.

[0066] The impeller 214 is configured to rotate about
a rotation axis R. The impeller 214, therefore, lies in a
plane perpendicular to the rotation axis R. As shown in
Figure 2, the impeller plane is disposed horizontally with-
in the cabinet 202 and is parallel to the primary flow di-
rection.

[0067] The cabinet202 comprises alower cabinet wall
226 and an upper cabinet wall 228. The lower cabinet
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wall 226 and the upper cabinet wall 228 are shown in
Figure 2 to be opposite and parallel to one another and
to be parallel to the impeller plane, thereby perpendicular
to the rotation axis R. The distance between the lower
cabinet wall 226 and the upper cabinet wall is known as
the cabinet thickness.

[0068] The separator 220 includes an upstream sec-
tion 230 extending away from the lower cabinet wall 226
towards the fan assembly 204. The upstream section 230
extends such that a cross-sectional flow area of the inlet
portion 222 decreases along the general flow direction
as the upstream section 230 approaches the fan assem-
bly 204.

[0069] The separatoralso includes a downstream sec-
tion 232 extending away from the fan assembly 204 to-
wards the upper cabinet wall 228. As shown in Figure 2,
the lower cabinet wall 226 and the upper cabinet wall 228
each extend between the inlet 208 and the outlet 210.
[0070] The upstream section 230 and the downstream
section 232 are positioned on opposite sides of the fan
assembly 204 from one another and are such that the
upstream section 230 extends towards a side of the fan
assembly 204 that faces the inlet 208 and the down-
stream section 232 extends from a side of the fan as-
sembly 204 that faces the outlet 210. The downstream
portion 232 extends such that a cross-sectional area of
the outlet portion 224 increases along the general flow
direction as the downstream section 232 approaches the
cabinet upper wall 228.

[0071] Figure 3 shows a schematic view of a fan coil
unit 300 comprising all of the features of the fan coil unit
of Figure 2. The fan coil unit 300 shown in Figure 3 further
comprises a silencer 350 disposed in the outlet portion
224 of the cabinet 202. The walls of the silencer 350
include a portion of the lower cabinet wall 226, a portion
of the upstream section 230 of the separator 220, and a
perforated wall 352. The upstream section 230 in this
context may be referred to as an end wall 354 of the
silencer 350.

[0072] The perforated wall 352 comprises a plurality
of perforations or holes. The perforations allow fluid com-
munication between the outlet portion 224 and the inside
of the silencer 350. The perforated wall 352, as shown
in Figure 3, is disposed parallel to the rotational axis R.
In other words, the perforated wall extends perpendicu-
larly away from the lower cabinet wall 226 until it connects
with the separator 220. In this way, the silencer 350 is
integrated with the structure of the fan coil unit 300.
[0073] The perforations of the perforated wall 352 may
each have the same diameter of between 0.25 mm and
3 mm or they may each have a diameter between 0.25
mm and 3 mm. The perforated wall 352 has a thickness
of between 0.25 mm and 2.5 mm or optionally between
0.5 mm and 1.5 mm. The perforated wall 352 may have
a perforation rate of between 0.1% and 2.5%, or option-
ally between 0.5% and 1%. The perforated wall 352 may
be constructed from metal, plastic, composite, or other
appropriate material.
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[0074] The silencer 350 of Figure 3 comprises a sound
absorbing material 356 which is placed against the end
wall 354. The sound absorbing material 356 is a porous
material, for example it may be a foam material, a woven
material or a felted material, mineral fibre or cotton felts.
The sound absorbing material 356 has a density of be-
tween 10 kg/m3 and 150 kg/m3 or optionally between 20
kg/m3 and 100 kg/m3. The sound absorbing material 356
has a thickness between 1 cm and 15 cm or optionally
between 2 cm and 5 cm.

[0075] The silencer 350 in Figure 3 is shown as com-
prising three cells: first cell 360a; second cell 360b; and
third cell 360c. The first cell 360a has a cell cavity that is
bounded by the perforated wall 352, the lower cabinet
wall 226, the end wall 354, and a first cell separation plate
362. The second cell 360b has a cell cavity that is bound-
ed by the perforated wall 352, the first cell separation
plate 362, the end wall 354, and a second cell separation
plate 364. The third cell 360c has a cell cavity that is
bounded by the perforated wall 352, the second cell sep-
aration plate 364, and the end wall 354. In this way, the
first cell 360a is adjacent to the second cell 360b, the
second cell 360b is adjacent to the first cell 360a and the
third cell 360c, and the third cell 360c is adjacent to the
second cell 360b.

[0076] The first cell separation plate 362 and the sec-
ond cell separation plate 364 extend from the perforated
wall 352 to the end wall 354.

[0077] Each of the cell cavities of the cells 360a, 360b,
360c are in fluid communication with the outlet portion
224 via holes or perforations in the perforated wall 352.
[0078] In the fan coil unit 300 of Figure 3, the first cell
360a and the second cell 360b have trapezoidal cross-
sections and the third cell 360c has a triangular cross-
section. Therefore, the silencer 350 as shown in Figure
3 has a triangular cross-section overall. Each of the cells
360a, 360b, 360c have differing cell lengths, where the
cell length is defined as being the length of the cell from
the perforated wall 352 to the end wall 354 as measured
from the midpoint of the height of the cell. That is, the
first cell 360a has a cell length greater than the second
cell 360b, which, in turn, has a cell length greater than
the third cell 360c.

[0079] The cell lengths of each of the cells 360a, 360b,
360c are configured to resonate with frequencies in the
range 200 Hz to 500 Hz. The presence of the sound ab-
sorbing material 356 in each of the cells 360a, 360b, 360c
means that resonance in each of the cells is attenuated.
In this way, frequencies in the range 200 Hz to 500 Hz
which resonate in the cells 360a, 360b, 360c are atten-
uated, thereby reducing noise generated by the fan as-
sembly 204 in this frequency range.

[0080] The cells 360a, 360b, 360c shown in Figure 3
are one type of layout possible for the cells of a silencer
350 in a fan coil unit 300. Figures 4A, 4B, and 4C depict
other possible variations of cell structures in schematic
views.

[0081] Figure 4A shows in detail a cell 400a being of
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the variation depicted in Figure 3. This cell 400a has a
trapezoidal cross-section and comprises a cell cavity
bound by a perforated wall 402a, an end wall 404a op-
posite to the perforated wall 402a, and two boundary
walls 406a extending parallel to one another and be-
tween the perforated wall 402a and the end wall 404a.
The cell 400a also comprises a sound absorbing material
408a disposed in the cell cavity, wherein the sound ab-
sorbing material 408a abuts the end wall 404a.

[0082] Placementof sound absorbing material 408ain
the cell 400a improves the attenuation at the resonance
frequency of the cell and widens the peak of maximum
attenuation.

[0083] The cell 400a has a cell length configured to
resonate with frequencies in the range 200 Hz to 500 Hz,
as described above. The cell 400a has a cell length in
the range of 1 cm to 15 cm.

[0084] Figure 4B shows a cell 400b which is a variant
of the cell 400a in Figure 4A. This cell 400b has a trap-
ezoidal cross-section and comprises a cell cavity bound
by a perforated wall 402b, an end wall 404b opposite to
the perforated wall 402b, and two boundary walls 406b
extending parallel to one another and between the per-
forated wall 402b and the end wall 404b. The cell 400b
also comprises a sound absorbing material 408b dis-
posed in the cell cavity.

[0085] In this cell 400b, the sound absorbing material
408b does not abut the end wall 404b, nor does the sound
absorbing material abut the perforated wall 402b. In-
stead, the sound absorbing material 408b is disposed in
the cell cavity some distance from the end wall 404b such
that there is a gap 410 between the end wall 404b and
the sound absorbing material 408b. The length of the gap
is in the range of 1 cm to 15 cm, or optionally in the range
of2cmto 5cm.

[0086] Figure 4C shows yet another variation of a cell
400c. This cell 400c has a trapezoidal cross-section and
comprises a cell cavity bound by a perforated wall 402c,
an end wall 404c opposite to the perforated wall 402c,
and two boundary walls 406c extending parallel to one
another and between the perforated wall 402c and the
end wall 404c. The cell 400c also comprises a sound
absorbing material 408c disposed in the cell cavity,
wherein the sound absorbing material 408c abuts the
end wall 404c.

[0087] The cell 400c further comprises a second per-
forated wall 412 disposed some distance between the
perforated wall 402c¢ and the end wall 404c and extending
between the boundary walls 406¢c. The second perforat-
ed wall 412 divides the cell 400c into two sub-cells 414x
and 414y, wherein each sub-cell 414x, 414y is in fluid
communication with one another via the second perfo-
rated wall 412. Each sub-cell has a sub-cell length in the
range of 1 cm to 15 cm.

[0088] Notably, one of the sub-cells 414x has a rec-
tangular cross-section, while the other sub-cell 414y has
a trapezoidal cross-section. Other alternatives are pos-
sible, where one or more of the sub-cells has a trapezoi-
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dal cross-section, a rectangular cross-section or a par-
allelogram-like cross-section. This will be atleast partially
dependent on the cross-section of the cell within which
the sub-cells reside and also on the number of sub-cells
present in the cell.

[0089] Further, only one sub-cell 414y comprises
sound absorbing material 408c, while the other sub-cell
414x does not. Alternative arrangements may have
sound absorbing material in each of the sub-cells, in a
sub set of the sub-cells or in none of the sub-cells.
[0090] Figure 4D shows in detail a cell 400d being a
variant of the cell 400a depicted in Figure 4A. This cell
400d, like the prior cell 400a, has a trapezoidal cross-
section and comprises a cell cavity bound by a perforated
wall 402d, an end wall 404d opposite to the perforated
wall 402d, and two boundary walls 406d extending par-
allel to one another and between the perforated wall 402d
and the end wall 404d.

[0091] The difference in this case is that the cell 400d
does not comprise a sound absorbing material in the cell
cavity. The cell 400d is capable of attenuating noise at
frequencies for which it is configured.

[0092] Figures 5A and 5B depict alternate possible
cross-sectional shapes that the cells described above
may take. Figure 5A shows the trapezoidal shape com-
mon to the majority of the cells described above.
[0093] Figure 5B shows an alternative cross-sectional
shape for a cell, wherein the cross-sectional shape is
rectangular. In order to achieve this shape, the end wall
of the cell would be parallel to the perforated wall of the
cell. Any of the cells described above may be adapted
to have a rectangular cross-section. A silencer for a fan
coil unit may comprise cells having trapezoidal cross-
sections, rectangular cross-sections, or a combination of
both cross-sections.

[0094] Figures 6A and 6B depict variations of silencers
having cells of only one cross-sectional type. That is,
Figure 6A shows a silencer 600a having three cells each
having a trapezoidal cross-section, whereas Figure 6B
shows a silencer 600b having three cells each having a
rectangular cross-section.

[0095] The silencer 350 shown in Figure 3 is integral
with the walls of the cabinet 202 and the separator 220.
The silencers shown in Figures 6A and 6B may also be
integral with the fan coil unit 300 or they may be self-
contained units that may be installed in existing fan coil
units. That is, a self-contained silencer comprises one or
more cells and a sound absorbing material and is bound
by a perforated wall, an end wall, and one or more bound-
ary walls.

[0096] An alternate fan coil unit 700 configuration is
shownin Figure 7, wherein the fan coil unit 700 comprises
the features of the fan coil unit 200 of Figure 2. The fan
coil unit 700 shown in Figure 3 further comprises a si-
lencer 750 disposed in the inlet portion 222 of the cabinet
202. The walls of the silencer 750 include a portion of
the upper cabinet wall 228, a portion of the downstream
section 232 of the separator 220, and a perforated wall
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752. The downstream section 232 in this context may be
referred to as an end wall 754 of the silencer 750.
[0097] The perforated wall 752 comprises a plurality
of perforations or holes. The perforations allow fluid com-
munication between the inlet portion 222 and the inside
of the silencer 750. The perforated wall 752, as shown
in Figure 7, is disposed parallel to the rotational axis R.
In other words, the perforated wall extends perpendicu-
larly away from the upper cabinet wall 228 until it con-
nects with the separator 220. In this way, the silencer
750 is integrated with the structure of the fan coil unit 700.
[0098] The perforations of the perforated wall 752 may
each have the same diameter of between 0.25 mm and
3 mm or they may each have a diameter between 0.25
mm and 3 mm. The perforated wall 752 has a thickness
of between 0.25 mm and 2.5 mm or optionally between
0.5 mm and 1.5 mm. The perforated wall 752 may have
a perforation rate of between 0.1% and 2.5%, or option-
ally between 0.5% and 1%. The perforated wall 752 may
be constructed from metal, plastic, composite, or other
appropriate material.

[0099] The silencer 750 comprises a sound absorbing
material 756 which is placed against the end wall 754.
The sound absorbing material 756 is a porous material,
for example it may be a foam material, a woven material
or a felted material, mineral fibre or cotton felts. The
sound absorbing material 756 has a density of between
10 kg/m3 and 150 kg/m3 or optionally between 20 kg/m3
and 100 kg/m3. The sound absorbing material 756 has
a thickness between 1 cm and 15 cm or optionally be-
tween 2 cm and 5 cm.

[0100] The silencer 750 in Figure 7 is shown as com-
prising two cells: first cell 760a and second cell 760b.
The first cell 760a has a cell cavity that is bounded by
the perforated wall 752, the upper cabinet wall 226, the
endwall 754, and a cell separation plate 762. The second
cell 760b has a cell cavity that is bounded by the perfo-
rated wall 752, the cell separation plate 762, and the end
wall 754. In this way, the first cell 760a is adjacent to the
second cell 760b.

[0101] The cell separation plate 762 extends from the
perforated wall 752 to the end wall 754.

[0102] Each of the cell cavities of the cells 760a, 760b
are in fluid communication with the inlet portion 222 via
holes or perforations in the perforated wall 752.

[0103] In the fan coil unit 700 of Figure 7, the first cell
760a has a trapezoidal cross-section and the second cell
760b has a triangular cross-section. Therefore, the si-
lencer 750 as shown in Figure 7 has a triangular cross-
section overall. Each of the cells 760a, 760b have differ-
ing cell lengths, where the cell length is defined as being
the length of the cell from the perforated wall 752 to the
end wall 754. That is, the first cell 760a has a cell length
greater than the second cell 760b.

[0104] The cell lengths of each of the cells 760a, 760b
are configured to resonate with frequencies in the range
200 Hz to 500 Hz. The presence of the sound absorbing
material 756 in each of the cells 760a, 760b means that
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resonance in each of the cells is attenuated. In this way,
frequencies inthe range 200 Hz to 500 Hz which resonate
in the cells 760a, 760b are attenuated, thereby reducing
noise generated by the fan assembly 204 in this frequen-
cy range.

[0105] Figure 8 shows a schematic view of a variation
of a fan coil unit 800 comprising a first silencer 850a in
the outlet portion 224 and a second silencer 850b in the
inlet portion 222. The first silencer 850a is shown in Fig-
ure 8 to comprise the same features of the silencer 350
described in relation to Figure 3. The second silencer
850b is shown in Figure 8 to comprise the same features
of the silencer 750 described in relation to Figure 7.
[0106] In this way, the fan coil unit 800 comprises two
silencers 850a, 850b which are configured to reduce
noise from the fan assembly 204 in the frequency range
200 Hzto 500 Hz. The cells in the first silencer 850a may
have cell lengths configured to attenuate noise at the
same or different frequencies from the cells in the second
silencer 850b.

Claims

1. Afan coil unit for a heating, ventilation, and air con-
ditioning (HVAC) system, the fan coil unit compris-
ing:

a cabinet having an inlet and an outlet, the cabinet
housing:

a heat exchanger assembly,

a fan assembly,

a separator extending across the fan assembly
such that the cabinet is divided into an inlet por-
tion and an outlet portion, with the fan assembly
being for generating a pressure difference be-
tween the inlet portion and the outlet portion, and
a silencer configured to reduce noise generated
in the fan coil unit during use of the fan assembly
to move air between the inlet and the outlet of
the cabinet, the silencer comprising:

one or more cells, wherein each cell comprises
an end wall, and a perforated wall spaced apart
from the end wall.

2. The fan coil unit of claim 1, wherein the silencer fur-
ther comprises a sound absorbing material occupy-
ing at least some of the space between the perforat-
ed wall and the end wall of at least one of the cells.

3. The fan coil unit of claim 1 or 2, wherein the cabinet
further comprises an inlet end proximate to the inlet
and an outlet end proximate to the outlet, and where-
in the fan assembly comprises a fan housing and an
impeller, wherein the impeller is located in the fan
housing and is configured to rotate about an axis of
rotation, wherein the axis of rotation is perpendicular
to a general flow direction, the general flow direction
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being from the inlet end to the outlet end.

The fan coil unit of claim 3, wherein the fan assembly
is a plug fan.

The fan coil unit of claim 3 or 4, wherein the impeller
is configured to rotate at speeds in the range 1500
rpm to 3500 rpm when in use.

The fan coil unit of any preceding claim, wherein
each of the one or more cells has a cell length, where-
in each of the one or more cells has a triangular,
trapezoidal or rectangular cross-section along their
respective cell lengths.

The fan coil unit of any preceding claim, wherein
each of the one or more cells is bounded on a first
end by the perforated wall and on a second end by
the silencer end wall, and the cell length of each cell
hence extends between the perforated wall and the
end wall.

The fan coil unit of any preceding claim, wherein at
least one of the one or more cells comprises a plu-
rality of sub-cells.

The fan coil unit of any preceding claim, wherein the
silencer comprises two or more cells, wherein each
cell has a different cell length from one another.

The fan coil unit of any preceding claim, wherein the
silencer comprises a gap between the perforated
wall and the sound absorbing material and a gap
between the sound absorbing material and the si-
lencer end wall.

The fan coil unit of any preceding claim, wherein the
sound absorbing material abuts the silencer end
wall.

The fan coil unit of any preceding claim, wherein the
sound absorbing material has a thickness between
1cmand 15 cm.

The fan coil unit of any preceding claim, wherein the
perforated wall has a perforation rate of between
0.1% and 2.5%.

The fan coil unit of any preceding claim, wherein the
silencer is located in the inlet portion or in the outlet
portion.

A method for noise reduction in a fan coil unit for a
heating, ventilation, and air conditioning (HVAC)
system, the fan coil unit comprising:

a cabinet having an inlet and an outlet, the cab-
inet housing:
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a heat exchanger assembly,

a fan assembly, and

a separator extending across the fan as-
sembly such that the cabinet is divided into
an inlet portion and an outlet portion, with
the fan assembly being for generating a
pressure difference between the inlet por-
tion and the outlet portion,

the method comprising providing a silencer con-
figured to reduce noise generated in the fan coil
unit during use of the fan assembly to move air
between the inlet and the outlet of the cabinet,
the silencer comprising:

one or more cells, wherein each cell comprises
an end wall, and a perforated wall spaced apart
from the end wall.
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