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AIR FILTER
Field of the Invention

The invention relates to air filters for use in ventilation and temperature control of equipment

enclosures.
Background

Enclosures for electrical equipment typically require ventilation to allow the equipment to expel
waste heat to an external environment to avoid overheating. In applications where electrical
equipment is to be used in remote locations, for example in mobile radio telecommunications
base stations, equipment is tynically left unattended for extended periods. To ensure that the
temperature of the equipment is kept within a preferred temperature range, additional cooling
and ventilation apparatus is normally required. Depending on complexity, this cooling
equipment consumes energy, which is both expensive and sometimes in limited supply, and also

require maintenance to avoid the costly implications of failure.

In a typical radio telecommunications base station, electrical equipment operating the radio
frequency (RF) signals is kept inside a ventilated cabinet, which itself is kept within a sealed
equipment room providing protection from external conditions. Often, fans within the cabinet
circulate air through the electrical equipment to provide cooling, and the air temperature within
the equipment room is maintained through the use of an air conditioning unit, which expels
waste heat generated by the electrical equipment to the external environment. The air
conditioning unit must work to maintain the temperature of the interior of the room within a
desired range, to ensure that the equipment within the room operates reliably. This uses a
significant amount of power in addition to that required to operate the electrical equipment

itself,

A backup power supply in the form of a cabinet of batteries (typically lead-acid batteries) is
often necessary in case of a break in electrical power to the equipment room. Such batteries also
need to be kept within a desired temperature range, this range being generally more stringent
than for other electrical equipment. In a typical equipment room therefore, the air conditioning
unit often operates to maintain an internal temperature range dependent upon the requirements
of the batteries rather than of the electrical equipment, which is generally able to operate at
higher temperatures without any problems. This results in the air conditioning unit having to

work harder than is strictly necessary to maintain proper operation of all equipment in the room.

AH26(7525103_1):TCW
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In temperate climates such as in the UK, the ratio of cooling power to equipment power is
approximately 1 to 4. So if 4kW is used by the electronics 1kW will typically be required by
the cooling system. In hotter climates this ratio may reduce to 1 to 3 or even 1 to 2. Clearly in
summer the actual day to day consumption may be much higher, but these loads may be
offset to some extent in winter.

Therefore an air conditioning unit in a typical equipment room may operate at up to 1kW,
compared with the operating power of the other electrical equipment of up to 4kW. This
requirement can be reduced by providing for separate cooling of the battery backup, allowing
the internal temperature of the room to rise to a higher maximum temperature. For example,
ensuring the whole room is kept at a temperature of below 20°C to accommodate battery
requirements will tend to use substantially more power than allowing the maximum
temperature to rise to 35°C, at which temperature most electrical equipment will still operate
without problems. This does not, however, remove the need for air conditioning of such
rooms, as some cooling will still be required to prevent the maximum temperature from being
exceeded under certain conditions.

A further problem with using air conditioning units in equipment rooms, particularly when
such rooms are in remote locations, is that of servicing and repairing. If an air conditioning
unit breaks down in use, the electrical equipment is put at risk of failure, and a specialist
engineer (usually different from an electrical equipment engineer) must be called out to fix
the unit. This can substantially add to the cost of maintaining such equipment rooms. It
might also not be known, for example when an equipment room provides an automatic
failure indication, what has caused the failure. An electrical equipment engineer could
therefore be called out, when what is required is an air conditioning engineer. Multiple visits
can then further add to the costs of maintaining operation.

One common alternative approach is, instead of keeping the equipment room sealed and
refrigerated, to maintain a high air flow through the room by means of a large fan arranged fo
force air through air vents provided in the room. To mainiain a desired temperature range,
however, and to minimise a temperature differential between the interior and exterior of the
room, a large airflow is required, requiring a large and powerful fan. Furthermore, air being
drawn through the room will tend to draw dirt and dust from the external environment into the
room, so the airflow will need to be filtered. Adding filters will inevitably result in a

requirement for maintenance visits to check and replace the filters so that a sufficiently high
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airflow can be maintained. Simply replacing air conditioning with fan cooling does not
therefore fully address the problem of requiring separate maintenance visits, nor does it
necessarily substantially reduce the power requirements of the room, since large fans require
large power inputs. High airflows also tend to draw in more dirt and dust, causing filters to

eventually clog.

An improved alternative to the use of air conditioning or large fans is to direct heat generated by
the electrical equipment with:in the room to the external environment, for example by using
exhaust ducts extending from the equipment cabinets to the outside wall of the room. Air drawn
into the equipment cabinet by an internal fan can then be exhausted to the external environment
more directly, reducing heating of the room by heat generated by the electrical equipment. This
results in a much reduced need for airflow through the room. Smaller fans, with much reduced
power requirements, can then be used to extract air from the room, replacing the air through

intake vents in the room.

The above solution does not, however, remove the need for maintenance visits, because air
filters will still be required in the intake vents in the room, and these will occasionally need to be

replaced.

Object of the Invention

It is an object of the inventicn to address one or more of the above mentioned problems.
Summary of the Invention

There is disclosed herein an equipment room comprising an air filter, the air filter comprising a

duct forming a passageway extending between an inlet and an outlet of the air filter,

wherein the duct comprises an inlet passageway in series with an outlet passageway, the
inlet passageway being lined with bristles extending from a wall of the duct across the inlet
passageway over at least a portion of a length thereof, wherein the bristles are orientated
transverse to the general direction of air flow through the inlet passageway, the inlet passageway
being arranged to allow air to be drawn into the equipment room vertically upwards through the
inlet passageway from an exterior environment and towards an interior of the room, and the

bristles are configured to remove entrained particles from air passing through the duct and allow
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the removed entrained particles to drop out of the inlet passageway through the action of

gravity.

The air filter preferably has an inlet area that is substantially larger than the outlet area, so that
air is drawn in through the inlet passageway and past the bristles at a low speed, to allow
entrained particles to be prevented from passing by the bristles and to drop out of the air filter by

the action of gravity.
Advantages of the disclosure include one or more of the following:
1)  no moving parts are required in the air filter itself, reducing the need for maintenance;

i1)  the air filter can be arranged to be self-cleaning, further reducing maintenance

requirements due to the lack of need for replacement filters;

iil)  the air filter allows for a much reduced power requirement for ventilation and cooling,
allowing either a lower temperature difference between the interior and exterior of an equipment

room for a given airflow or a reduced airflow for the same temperature difference; and

1v)  the air filter can be retro-fitted to existing equipment rooms, effectively replacing existing

air conditioning units (provided certain other modifications are made).
Detailed Description

The invention will now be described by way of example and with reference to the

accompanying drawings, in which:
Figure 1 illustrates in schematic cross-section an equipment room having air cooling;
Figure 2 illustrates a partial schematic isometric view of an exemplary air filter;

Figure 3 illustrates a schematic cross-sectional representation of an inlet passageway of an

exemplary air filter;

Figure 4 illustrates a schematic cut-away view of an alternative exemplary air filter

configuration;

AH26(7525103_1).TCW
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4a
Figure 5 is a perspective view of an exemplary air filter body;
Figure 6a is an elevation view of the air filter body;
Figure 6b is a side view of the air filter body;

Figure 7 is a schematic diagrar of ar: equipment room comprising an exemplary air filter inlet

arrangement; and

Figure 8 is a further schematic diagram of an equipment room comprising an exemplary air filter

inlet arrangement.

[llustrated in figure 1 is a schematic cross-sectional view of an equipment room 110 comprising

an exemplary air filter 111. The air filter 111 is provided in the form of a wall-

AH26(7525103_1):TCW
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mounted enclosure 112, with an air outlet 113 extending into an internal volume 115 of the
room 110, and a wider air inlet 116 configured to allow air to be drawn from the external
environment 117 through a duct comprising in series an inlet passageway 118 and an outlet
passageway 120 extending between the inlet 116 and outlet 113 of the air filter 111, with the
direction of airflow indicated by arrows 119.

The air filter 111 is preferably mounted on the room 110 such that the inlet passageway 118
is oriented to allow airflow 119 vertically upwards through the inlet passageway 118, and
then vertically downwards through an air outlet passageway 120 towards the air outlet 113.
The outlet passageway 120 is preferably provided within the inlet passageway 118, as
shown In more detail below, although other arrangements are also possible.

Shown within the internal volume 115 of the room 110 is an electronic equipment enclosure
121. An air inlet vent 122 is provided to allow air from the internal volume 115 to enter the
enclosure 121, the airflow indicated by arrows 123. A further air vent 124 is provided to
allow air to exit the equipment enclosure 121 and into an air exhaust duct 125 via a hood
126 on top of the enclosure 121. An exhaust fan 127 forces air out of the duct 125 and out
to the external environment 117. The fan 127 thereby provides a driving force, in the form of
a partial vacuum created within the internal volume 115, to draw air from the external
environment 117 into the internal volume 115 through the air filter 111. Provided the room
110 is otherwise sufficiently sealed, the fan 127 alone can provide all the air flow through the
room 110 required to provide cooling of the internal volume 115 and of equipment within the
enclosure 121. Because air from the equipment enclosure 121 is prevented from
recirculating within the internal volume 115, the requirement for cooling within the room 110
is reduced, as compared with conventional solutions involving air conditioning of the whole

internal volume 115,

A filtration medium 128 is provided within the air filter 111 extending across and filling at
least a portion of the inlet passageway 119. The filiration medium 128 comprises bristles
extending from a wall of the duct across at least a portion of the inlet passageway 119 so as
to remove entrained particles from air passing through the duct. Preferred arrangements of
bristles are described in further detail below.

Preferably the outlet passageway 120 has a smaller bare than the inlet passageway 119, so
that the speed at which air flows into the air filter is sufficiently low to allow dirt and debris to
be prevented from passing through to the outlet passageway, and to instead fall out of the
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inlet 116 or'at least remain trapped by the filtration medium. Preferably the cross-sectional
area of the duct reduces from a maximum at the inlet 116 to a minimum at the outlet 113,
corresponding to an increase in air speed through the filter 111 from a minimum at the inlet
116 to a maximum at the outlet 113,

lNlustrated in figure 2 is a preferred arrangement of inlet and outlet passageways 118, 120
that together comprise the duct extending between the inlet 116 and outlet 113 of the air
filter 111. In figure 2 multiple outlet passageways 120 provided by a plurality of tubular
sections 211 in a parallel arrangement. The multiple outlet passageways 120 are connected
together towards the outlet of the air filter (not visible in figure 2) by means of a manifold
210. Air flows upwards, indicated by arrows 119, through the inlet passageway 188, around
and between the tubular sections 211 and through the filtration medium (not shown), then
downwards through the multiple outlet passageways 120, through the manifold 210 and
towards the outlet of the air filter 111.

A schematic cross-sectional view across the inlet and outlet passageways 118, 120 of the air
filter 111 of figure 2 is shown in figure 3. An arrangement of bristles 310 extends from an
internal wall of the enclosure 112 around the inlet passageway 118, and from external walls
of each of the tubular sections 211a-d forming the outlet passageways 120a-d. The bristles
310 preferably extend across the whole of the inlet passageway 118, so that airflow through
the passageway 118 is forced to travel at a steady rate through the inlet passageway 118.

The definition of the term ‘bristles’ used herein is intended to encompass fibres composed of
a flexibly resilient material and attached at one end to a base material. The bristles attached
to such a base material are preferably together in the form of a carpet, such that the bristles
are free standing with the base material in any orientation. The carpet is preferably in the
form of artificial turf, which is formed of polymeric fibres, typically of the order of several
centimetres long, threaded through and attached to a flexible rubberised matting. The
bristles may be in the form of single threads, or may be fibrillated to provide multiple ends
from each bristle attachment point, thereby increasing the filtering ability of the bristles,

As shown in figure 3, the bristles 310 extend in a substantially radial direction relative to the
walls of the duct, over at least a portion of the inlet passageway 118. The bristles in figure 3
are shown extending radially from both the internal surface of the enclosure 112 and from
the external surfaces of the tubular sections 211a-d to traverse the inlet passageway 118.

Alternative arrangements are possible where bristles extend from either the internal surface
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of the enclosure alone, e.g. in conjunction with a single outlet passageway, or from the
external surface(s) of the tubular section(s), depending on the size of the air filter 111.

The bristles are preferably oriented transverse to the general direction of air flow through the
inlet passageway, and preferably around 90 degrees to the direction of air flow. As air
passes vertically into the filler 111 and through the inlet passageway 118, dirt and debris
passing with the air settles out before passing all the way through the inlet passageway 118
through the action of gravity. Accumulated dirt will then gradually fall out of the filter 111 due
to gravity, and against the flow direction of the inlet air. Dirt is thereby able to exit the filter
completely during normal operation.

The overall size of the air filter 111 will be largely determined by the constraint on air flow
speed through the inlet passageway 118, which is in turmn dependent upon the cooling
requirements of the equipment room 110. For a typical equipment room, for example for use
in a radio telecommunications base station, the air flow inlet speed is typically no greater
than 1 m/s through the inlet passageway. This is considerably slower than a typical speed of
5 m/s or more for a conventional air filter, for example used in conjunction with a large mass
flow fan. However, where space requirements are more critical, higher air flows may be
required provided some filtration is still possible. In such situations the air filter described
herein may be used as a prefilter in an overall system having higher levels of downstream
filtration, for example in a system that does not have directed air flow in equipment cabinets
121 within the room 110.

Although preferred embodiments of the air filter 111 are effectively self-cleaning under
normal circumstances, alternative embodiments may comprise other means of cleaning the
filtration medium within the inlet passageway 118. One such embodiment is illustrated, in
schematic cutaway view, in figure 4. The air filter 411 comprises a water drainage system,
in which water (e.g. from rain) passes through a perforated sloping roof 420, allowing water
to pass through the inlet passageway 418 and into a drain 430. A water trap 440 is provided
to prevent air from being drawn through the drain 430.

The embodiment shown in figure 4 also illustrates an alternative arrangement for filtration
medium in the air inlet passageway, which in this case is provided by carpets of bristles (not
shown for clarity) attached to vertically oriented panels 450. The air outlet passageway 419
is arranged over to one side of the enclosure 412, In normal use, air enters the fitter 411

through the roof 420, passing vertically downwards through the carpets of bristles provided
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between and around the panels 450, and then upwards through the outlet passageway 419,
exiting through the outlet 413. Dirt and debris trapped by the bristles is intermittently washed
through the inlet passageway 418 and into the drain 430.

Arrangements of panels providing support for carpets of bristles, as shown in figure 4, may
alternatively be used in conjunction with embodiments of air filters arranged to operate as
described in relation to figures 1 to 3, i.e. where air passes vertically upwards through the
inlet passageway.

lNustrated in figures 5, 6a and 6b are perspective, elevation and side views respectively of
an exemplary body for an air filter according to the invention. The filter body 50 is in the
form of a single piece moulded component, for example fabricated by vacuum forming of a
polymeric material such as ABS. The material from which the body 50 is made is preferably
heat resistant and fire retardant, and able to withstand extremes of temperature and
environmental conditions.

The body 50 is provided with a flanged portion 52 for mounting the air filter on to an external
wall of an equipment room such as a telecommunications cabin, and is provided with a
series of mounting points 54 for mounting panels inside the internal volume of the filter body
50, the panels having bristles arranged thereon to trap particulates passing through the filter.

An inlet 51 is defined by an angled portion of the filter body 50, along which is provided an
array of inlet holes to allow air to enter. The inlet is angled to increase the cross-sectional
area of the inlet, thereby slowing the inlet air velocity and improving the ability of the filter to
capture particulates. A preferred angle between the plane of the air inlet 51 and the back
face of the filter body, or the direction of air travel through the main body of the air filter, is
around 45 degrees.

A viewing window 53 may be provided, positioned towards the top of the body to allow the
internal volume to be inspected. This allows the extent to which particulates are being
removed to be inspected. If bristles visible through the inspection window are clean, the
filter may still be operational, even if the bristles lower down that are visible through the air
inlet 51 are not clean, provided of course that the filter is not blocked. Over time, as dry
material accumulates on the lower portions of the bristles, this accumulated material will tend
to fall off the filter and avoid the filter becoming blocked. In some circumstances, however,
for example in extremely dusty and dirty environments, the filter may need occasional
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cleaning, which can be carried out by removing the filter from the cabin to which it is
mounted and washing parts of the filter down to remove ail accumuiated material.

lllustrated in figure 7 is schematic diagram of an alternative form of equipment room 110
fitted with an exemplary air filter 70 comprising a filter body 50 as described above. Air
enters the filter 70 through the angled inlet 51 in the direction indicated by arrow 75. The air
filter 70, mounted to the external wall of the enclosure, comprises a number of plates 71
having outwardly extending bristles, the plates 71 being mounted within the body 50 and
aligned vertically, i.e. substantially in the direction of air flow through the filter 70. An air
outlet 73 extends into the internal volume 115 of the room 110, allowing air to enter the room
vertically downwards, in the direction indicated by arrow 76.

As with other embodiments, the air inlet 51 is substantially greater in cross-section than the
air outlet 73, resulting in a reduced air inlet velocity that allows the air filter to capture more
particulates from air that is being drawn through the filter.

An insulation panel 72 may be provided on an internal surface of the air filter body, which
serves two main purposes. Firstly, the thickness of the insulation panel 72 allows for
accommodation of different types of filtering media to be mounted on the filter panels 71.
Secondly, the insulation panel 72 reduces heat from the external environment, in particular
resulting from solar gain, being transmitted through to the air passing through the filter. The
insulation panel may be in the form of an aluminium foil faced expanded rigid polystyrene

sheet, as commonly used for building insulation.

In the embodiment shown in figure 7, air passes through the filter vertically upwards and
then enters the internal volume 115 of the room 110 vertically downwards. This has the
advantage that a further space is allowed for interfacing with additional cooling equipment, if
required. As shown in figure 8, an evaporator unit 81 may be connected to the air outlet 73
between the outlet and the floor of the room 110, to provide additional cooling to air entering
into the room. The evaporator 81 is connected to an externally-mounted heat exchanger
unit (not shown), which is preferably Jocated away from the air inlet 51. To maximise cooling
efficiency, the evaporator 81 has an outlet vent 82 having a larger area than the filter air
outlet 73 so that air is slowed down after passing through the filter and before entering the
internal volume 115 of the room 110. This allows a longer period for heat to be extracted

from the air while passing through the evaporator unit 81. Over-cooling of air results in
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wasted energy, so the evaporator unit 81 is preferably configured to be operated only when
a predetermined threshold air temperature within the room 110 is exceeded.

Additional filtering may also be added to the air outlet 73 if a finer degree of filtration is
needed, for example to filter out fine micron-scale particulates that are not removed by the
filter 70. An additional air filter may be added in line with the outlet, optionally in conjunction
with an evaporator 82.

Other embodiments are within the scope of the invention, as defined by the appended
claims.

10
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CLAIMS

1.  Anequipment room comprising an air filter, the air filter comprising a duct forming a
passageway extending between an inlet and an outlet of the air filter,

wherein the duct compi:es an inlet passageway in series with an outlet passageway, the
inlet passageway being lined with brisiies extending from a wall of the duct across the inlet
passageway over at least a portion of a length thereof, wherein the bristles are orientated
transverse to the general direction of air flow through the inlet passageway, the inlet passageway
being arranged to allow air to be drawn into the equipment room vertically upwards through the
inlet passageway from an exterior environment and towards an interior of the room, and the
bristles are configured to remove entrained particles from air passing through the duct and allow

the removed entrained particles to drop out of the inlet passageway through the action of gravity.

2. The equipment room of claim 1 wherein the outlet passageway has a smaller bore than the

inlet passageway.

3. The equipment room of claim 2 wherein the inlet passageway surrounds the outlet

passageway.

4.  The equipment room of claim 2 or claim 3 wherein a cross-sectional area of the duct

reduces from a maximum at the inlet to a minimum at the outlet of the air filter.

5. The equipment room of any of claims 1 to 4 wherein the inlet passageway comprises
bristles extending radially outwards from a wall of the duct over at least a portion of the inlet

passageway.

6.  The equipment room of any of claims 1 to 5 wherein the inlet passageway comprises
bristles extending radially inwards from a wall of the duct over at least a portion of the inlet

passageway.

7. The equipment room of any preceding claim wherein the bristles are provided by artificial

turf lining at least a portion oi the duct.

8.  The equipment room of claim 2 wherein the inlet passageway has an air flow area that is at

least two times greater than a smallest air flow area of the outlet passageway.

AH26(7525103_1):TCW




28 Jun 2013

2009204691

12

9. The equipment room of any preceding claim wherein the bristles extend laterally across the

inlet passageway.

10.  The equipment room 2y zny preceding claim whercin the bristles traverse the inlet

passageway.

11.  The equipment room of claim 9 wherein the bristles extend in a direction orthogonal to a

direction of air flow through the inlet passageway.

12.  The equipment room of any preceding claim wherein the bristles extend from one or more

plates disposed within the duct.

13.  The equipment room of claim 12 wherein the one or more plates are aligned with a

direction of air flow through the duct.

14.  The equipment room of claim 1 comprising an evaporator unit connected in line with the
outlet of the air filter and configured to cool air passing from the air filter into an internal volume

of the equipment room.

15.  The equipment room of claim 1, wherein dirt is thereby able to exit the air filter completely

during normal operation.

16. An equipment room substantially as described herein, with reference to the accompanying

drawings.

4Energy Limited
Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON
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