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Apparatus and Method of Smoke Detection

FIELD

[0001] The invention pertains to aspirated smoke detectors. More
particularly, the invention pertains to such detectors which limit the volume of
ambient atmosphere that flows through an associated detection chamber.

BACKGROUND

[0002] Various types of aspirated smoke detectors are known. Such
detectors usually include a detection chamber in combination with a fan or blower
which draws ambient air through or injects ambient air into the chamber.

[0003] Aspirated detectors have been disclosed and claimed in US Patent
No. 6,166,648, which issued December 26, 2000 and is entitled, Aspirated Detector.
The ‘648 patent is incorporated herein by reference.

[0004] While aspirated detectors as in the ‘648 patent are useful and effective
for their intended purpose, there is a continuing need to try to avoid polluting, filters
associated with aspirated detectors as well as the detection chamber, with dust and
other airborne pollutants. |

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Fig. 1 is a diagram of a first embodiment of the invention;

[0006] Fig. 2 is a diagram of a second embodiment of the invention;
[0007] Fig. 3 is a diagram of a third embodiment of the invention;

[0008] Fig. 4 is a diagram of a fourth embodiment of the invention; and
[0009] Figs. 5A, 5B argffrdnt and side views respectively of a separator of

ambient air usable in the embodiment of Fig. 4.

DETAILED DESCRIPTION

[0010] While embodiments of this invention can take many different forms,
specific embodiments thereof are shown in the drawings and will be described
herein in detail with the understanding that the present disclosure is to be

considered as an exemplification of the principles of the invention, as well as the
-1-
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best mode of practicing same, and is not intended to limit the invention to the
specific embodiment illustrated.

[0011] Embodiments of the invention implement two functions when used for
handling airflow within a High Sensitivity Smoke Detector. One function extends
detector service life by keeping larger, unwanted particulate from the detection
chamber. A second function aides in performing the dust discrimination function that
is accomplished within the chamber with the use of both optical design and signal
processing.

[0012] In accordance with embodiments of the invention, an air stream within
an aspirated smoke detector can be directed off at a selected angle that will cause
larger, heavier particles to be more influenced by the effects of inertia. These larger
particles will tend to follow a straight forward path while the smaller particles
(smoke) will more easily follow a different (alternate) path that will be off the main
path at some angle. This alternate air stream will be used for detection. The
heavier, larger particles will thus be excluded from the sensor cavity or chamber.
[0013] An aspirated smoke detector which embodies the invention can
include a smoke detection chamber for use in detecting smoke particles and an
aspirator, for example, a blower or a fan, for use in pulling air through a network of
pipes to the device. The “alternate path” will direct a smaller, representative sample
of air/particulate through the chamber. This detection chamber is highly sensitive to
any changes in ambient conditions within itself and therefore should remain as clean
as possible. Filters are another method of keeping out the particles. This “alternate
path” could eliminate the need for a filter.

[0014] In yet another aspect of the invention, particles can be separated into
two groups using a cyclone or virtual impactor. The small particle group is contained
in the major flow and the large particles are predominantly in the minor flow outputs.
The particle concentration of each group is measured with separate scattering
volumes. Contamination particles such as dust are predominantly large with some
small particles that may appear to be smoke. Smoke particles are predominantly
small with some large particles. The small particle concentration measurement is
reduced by the large particle scattering measurement in the minor flow. This offset
will reduce errors due to inefficiencies in separation and desensitize the detector to
dust particles that have a distribution into the small particle size range.

-2-
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[0015] The sampled air can be pulled into the detector using a blower or a
fan. The sampled air goes into a virtual impactor that separates particles into two
separate outputs. Each output goes into its own scattering volume and is measured
for particle concentration. Large particles are predominant in the minor flow and
small particles predominate in the major flow.

[0016] The large particle measurement from the minor flow of the virtual
impactor can be measured using backward scattering. Backward scattering is more
sensitive to non-absorbing particles such as dust, water, white powders.

[0017] The small particle measurement from the major flow of the virtual
impactor can be measured using forward scattering. Exemplary light sources can
include a light emitting diode or a laser. Exemplary light receiver can be a photo
diode. Light color is preferably blue since it produces more scattered light for small
particles than infrared.

[0018] The amplifiers can be calibrated such that for a given concentration of
a dust “standard” (i.e., Sodium bicarbonate, Portland cement), the outputs are the
same. The output of the minor flow scattering can be subtracted from the output of
the major flow scattering. The result is used to indicate a concentration of smoke.
[0019] In one aspect of the invention, the airflow divider can be implemented
with a rectangular chamber. Under the divider within a predetermined distance is a
hole with a selected diameter. The divider is hollow on the inside and the air sample
flows thru the inside. The air flows from the pipe into the rectangular chamber, is
divided at the divider and flows down on both sides.

[0020] The air is pulled into the hole under the divider with a fan. The fan also
creates a negative pressure inside the divider. Since the hole restricts the air flow,
part of the air will be forced thru the inside of the divider and then thru the detection
chamber. The distance from the hole and the inside of the divider is selected such
that heavy particles won't get lifted vertically and therefore do not enter the inside of
the divider.

[0021] Additionally, since the heavy particles can be expected to flow in the
center of the pipe, than those particles will flow into the hole since that path
represents the shortest distance to exit the divider.

[0022] In summary, preferably, only a partial air sample will flow thru the
smoke detection chamber. Limiting the flow of air going thru the chamber can be
expected to reduce pollution of any associated filter and minimize pollution of the
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chamber with dust and other pollutants. Thus, the air flow into the chamber will
represent a sample of the entire air stream and preferably will not carry relatively
large particles.

[0023] It will also be understood that the separator elements can be
implemented as passive elements, such as cyclone separators. Alternately,
particulate matter can be separated using active, electrically energized elements all
without limitation.

[0024] Fig. 1 illustrates an aspirated detector 10 in accordance with the
invention. Detector is carried, at least in part by a housing 10-1.

[0025] The embodiment of Fig. 1 has an ambient air inflow port 12, a
constricted region 14, which establishes a pressure differential, and an outflow port
16. The outflow from port 16 is in fluid flow communication with an aspirator 18. As
a result of the pressure differential developed at region 14, smaller, lighter particles
of airborne particulate matter will be diverted from the flow from ports 12-16 as
discussed below.

[0026] Aspirator 18 can be implemented as a fan, or other element which
produces a reduced pressure at port 16 thereby drawing ambient air and associated
particulate matter into port 12.

[0027] Chamber 22, a smoke detection chamber receives a partial flow of
inflowing ambient air with larger particles excluded. Chamber 22 can be
implemented as a photoelectric, an ionization, or both, sensing chamber without
limitation. The exact details of smoke detection chamber 22 are not a limitation of
the invention.

[0028] Control circuits 24 are coupled to aspirator 18 and chamber 22.
Circuits 24, which could be implemented, at least in part, with a programmed
processor 24a, and associated executable control software 24b, can activate a
photoelectric implementation of chamber 22 via a conductor 26a. Smoke indicating
signals can be received via conductor 26b at the control circuits 24.

[0029] Circuits 24 can process signals on line 26b to establish the presence
of a potential or actual fire condition and couple that determination, via a wired or
wireless communications medium 28 to an alarm system control unit 30.

[0030] In the detector 10 larger airborne particles flow from port 12 to port 16
without being diverted into chamber 22. Hence pollutants such as dust particles and
the like will be excluded from chamber 22.

-4 -
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[0031] Fig. 2 illustrates a detector 40 having an inflow port 12-1, and an
outflow port 16-1. A cyclone separator 42 is coupled between port 12-1 and sensing
chamber 22-1 (comparable t o chamber 22 previously discussed). Separator 42
separates out undesired larger particulate matter, indicated at 46 from a partial
inflow 48 into chamber 22-1.

[0032] The separated particulate matter 46 is coupled to the output port 16-1
by conduit 50. An aspirator, such as aspirator 18 can be coupled to output port 16-1
as discussed with respect to detector 10, Fig. 1. Alternately, an aspirator can be
coupled to inflow port 12-1 and inject ambient into the separation chamber 42.
[0033] As illustrated in Fig. 2, particulate flow 52 through chamber 42 is away
from inflow port 22a-1 of chamber 22-1 and toward by-pass conduit 50. In this
embodiment, gravity assists in collecting particulate matter 46 at conduit 50.

[0034] Fig. 3 illustrates a detector 60 having an inflow port 12-2 and an
outflow port 16-2. A cyclone separator 62 is coupled between port 12-2 and sensing
chamber 22-2.

[0035] Ambient inflow to detector 60, indicated by flow arrows 64a, b enters
chamber 42 and travels toward filter 66. Inflow 64c travels toward a particulate
collecting region 62a.

[0036] Chamber 62 separates out the larger particulate matter which flows as
indicated 68a, b, ¢ toward the region 62a. Particulate flow and a portion of the
incoming ambient atmosphere, indicated at 64c, is toward by-pass conduit 70 which
is coupled to output port 16-2.

[0037] Chamber 62 directs a portion 64d of incoming ambient, without the
larger heavier particulate matter toward and through filter 66. Outflow 64e from filter
66 flows through conduit 72 and into sensing chamber 22-2 via inflow port 22a-2.
Chamber 22-2 could be coupled to control circuits, such as circuits 24 of Fig. 1.
[0038] Out-flowing ambient 64f is in turn coupled to output port 16-2 via
conduit 70. Gravity also contributes to the separation process in the detector 60.
[0039] Fig. 4 illustrates another aspirated detector 80, contained at least in
part in a housing 80-1. Detector 80 has an ambient air input port 12-3 which is
coupled to a separator element 82. The structure of element 82 is illustrated in
more detail in Figs. 5A, B.

[0040] Separator element 82 divides the inflowing ambient air and particulate
matter 84a into a heavier, or larger, particulate matter carry portion 84b and a
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second portion 84c. The portion 84c without dust or other objectionable pollutants is
coupled to a smoke sensing chamber 22-3 via inflow port 22a-3.

[0041] Out-flowing ambient air 84b, 84d in conduits 90a, b is drawn into
aspirator 18-1 and expelled 84e at output port 16-3. It will be understood that the
configuration of the various elements of detector 80, as noted above is exemplary
and other configurations, designs or arrangements come within the spirit and scope
of the invention.

[0042] Detector 80 can include control circuits 24b-1 as discussed above with
respect to Fig. 1 and control circuits 24. Detector 80 can be in communication with
alarm system 30-1 via communications medium 28-1.

[0043] Figs. 5A, B are front and side sectional views of separator element 82.
Element 82 has a housing 94 with an inflow air path 94a which extends from input
port 12-3 toward a first end 96a of a hollow divider 96. Airflow 84a-1, -2 flows along
first and second sides 96b, c of divider 96 toward end regions 96e, f.

[0044] Once past end regions 96e, f the flow encounters a restriction 98.
Restriction 98 is sized with a diameter that forces ambient air with the smaller
particles 84c to move opposite a flow direction of 84a-1, -2 and into an interior
region 96e of the divider 96.

[0045] The ambient with the smaller particulate matter 84c flows through the
region 96e toward an outflow port 94d, best seen in Fig. 5B, and toward the input
port 22a-3 of the detection chamber 22-3. Ambient 84b carrying the heavier, larger
particles flows along the channel 94c, past the restriction 98, through conduit 90a
toward aspirator 18-1. Thus, larger, heavier particles are excluded from the smoke
sensing chamber 22-3.

[0046] From the foregoing, it will be observed that numerous variations and
modifications may be effected without departing from the spirit and scope of the
invention. It is to be understood that no limitation with respect to the specific
apparatus illustrated herein is intended or should be inferred. It is, of course,
intended to cover by the appended claims all such modifications as fall within the
scope of the claims.
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Claims:
1. A smoke detector comprising:
a housing which defines an interior region and a separator element;
and
a smoke sensing chamber in fluid flow communication with the interior
region with the separator element directing a selected portion of ambient air in the
interior region into the smoke sensing chamber.

2. A detector as in claim 1 where the housing defines an ambient inflow
port and an ambient outflow port, and a second smoke sensing chamber which
receives a different portion of ambient air in housing.

3. A detector as in claim 1 which includes an aspirator coupled to the
housing.
4, A detector as in claim 1 where the separator element is one of a

passive element, or, an active element.

5. A detector as in claim 4 where the passive element comprises a
selectively shaped mechanical structure.

6. A detector as in claim 5 which includes an aspirator coupled to the
housing.
7. A detector as in claim 6 where the separator element produces a first

partial flow through the sensing chamber and a second partial flow which bypasses
the sensing chamber, and a second smoke sensing chamber which receives at least
a portion of the second partial flow.

8. A detector as in claim 7 where the first partial flow comprises smaller
particulate matter than does the second partial flow.

9. A detector as in claim 6 where the separator element includes a hollow
diverter having an inflow port for receipt of ambient atmosphere flowing in one

-7-
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direction, the diverter being carried by the housing in the interior region with an
outflow from the housing flowing substantially opposite the first direction.

10. A detector as in claim 9 where the diverter has an outflow port coupled
to the sensing chamber.

11. A detector as in claim 9 where the housing has an outflow port, where
the sensing chamber has an outflow port and where the aspirator is coupled to both
outflow ports.

12. A detector as in claim 8 where the separator element comprises a
cyclone separator.

13. A method of smoke detection comprising:
providing a flow of particulate carrying ambient atmosphere;
separating the flow into two partial flows with one partial flow including
larger particulate matter than the other;
directing the other partial flow into a sensing region;
determining if the particulate matter directed into the sensing region is
indicative of a potential fire condition.

14. A method as in claim 13 where separating includes providing a
reduced pressure region into which the other partial flow moves.

15. A method as in claim 13 which includes, after providing, dividing the
flow of particulate carrying ambient atmosphere into two parts.

16. A method as in claim 15 where dividing includes directing the two
parts in a first direction, and where separating includes moving the larger particulate
matter in the first direction.

17. A method as in claim 16 which includes moving the other partial flow
opposite the first direction.
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18. A separator comprising:
a hollow housing;
a hollow divider carried in the hollow housing;

and where the housing has a constricted flow region which induces
fluid flow into the hollow divider.

19. A separator as in claim 18 where the divider has first and second ends
with one end oriented toward an input port of the housing and the other end oriented
toward an output port of the housing.

20. A separator as in claim 19 where the divider includes a separated fluid
outflow port. ’
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