005/012869 A2 | I 0001 0 O 00 OO A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

10 February 2005 (10.02.2005)

(10) International Publication Number

WO 2005/012869 A2

(51)

21

(22)

(25)

(26)

(30)

(1)

(72)

(74)

International Patent Classification’: GO1IN
International Application Number:
PCT/US2004/021625
International Filing Date: 7 July 2004 (07.07.2004)
Filing Language: English
Publication Language: English
Priority Data:
10/627,361 25 July 2003 (25.07.2003) US

Applicant: HONEYWELL INTERNATIONAL, INC.
[US/US]; Patent Services, AB-2B, 101 Columbia Road,
Morristown, NJ 07962 (US).

Inventors: TICE, Lee, D.; 760 West Appletree Lane, Bar-
rington, IL. 60103 (US). PETROVIC, Dragan, P.; 803
Sterling Avenue, Geneva, IL. 60134 (US).

Agents: WEINSTEIN, Mitchell, J. et al.; Welsh & Katz,
LTD., 120 South Riverside Plaza, 22nd floor, Chicago, IL
60606 (US).

(81)

(84)

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, 7ZM,
7ZW), BEurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI,
SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54)
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portion incorporates a curved reflective surface which reflects incident infrared onto a respective sensor. Each sensor has a filter
which passes a different selected band of energy. A fluid, such as gas being sensed, passes laterally through the chamber.
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CHAMBER FOR GAS DETECTOR

Field Of The Invention

The invention pertains to gas detectors. More particularly, the

invention pertains to gas detectors having a reference chamber, a sensing

chamber and a common source of radiation.

Background Of The Invention

Non-dispersive infrared (NDIR) gas detectors are known for sensing
the presence and concentration of various gases. Many known NDIR-type
detectors are more in the nature of laboratory instruments than relatively
small, rugged and convenient sensors for use in the field. As a result, many of
the known detectors have suffered from complexity and relatively high cost.

Airborne contaminants such as particulate matter or water vapor can
adversely affect detector outputs. Filtering is known to exclude particular
matter. Filtering, however, may not exclude water vapor. Other known
NDIR-type detectors have attempted to address environmental conditions,
such as condensation of water vapor in the gas being sampled by heating the
sample chamber electrically. Such heaters and their power supplies result in
added bulk, weight and cost in the respective detectors.

There thus continues to be a need for NDIR-type detectors which do
not require either electrical heating, or large amounts of space,
electromechanical choppers and the like, or, complex processing circuitry.
Preferably, such chambers could be inexpensive to manufacture, and require

little or no adjustment or field maintenance.
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Brief Description Of The Drawings

Fig. 1 is an over-all view of a detector in accordance with the present
invention, partly broken away;

Fig. 2 is a perspective view of a portion of the detector of Fig. 1;

Fig. 3 is an end elevational of the housing of Fig. 2;

Fig. 4 is a top plan view of the chamber of Fig. 2;

Fig. 5 is a sectional view taken along plane 5-5 of Fig. 3;

Fig. 6 is a sectional view taken along plane 6-6 of Fig. 3; and

Fig. 7 is an enlarged view of a portion of the chamber of Fig. 6.

Detailed Description Of The Embodiments

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 and is not
intended to limit the invention to the specific embodiment illustrated.

A gas detector in accordance with the invention can be fabricated as a
smaller, light weight, stand alone portable device that has no adjustments.
Such detectors can, alternately, be part of a larger monitoring system.

A sensor design which embodies the invention is suitable for use in
NDIR-type gas detectors. This structure includes a sensing and a reference
chamber that are open to each other. The reference chamber is a mirror image
of the sensing chamber relative to a plane that passes between them.

The sensing chamber has a radiant energy sensor with a filter that
passes the band of energy associated with the gas to be detected. The
reference chamber has a radiant energy sensor with a filter that passes a band
of energy not associated with the gas to be detected. An opening for lateral
entry of the gas being monitored is preferably symmetrically located between

the sensing and reference chambers.
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The sensing and reference chambers each include a concave reflective
surface such that substantially only one reflection of light occurs between an
emitter and the associated sensor. The path length of the light rays is
substantially similar.

One advantage of the reference chamber being a mirror image of the
sensing chamber is that environmental conditions are likely to affect each
chamber the same. For example, any water vapor in the gas sample can be
expected to condense uniformly on the reflective surfaces, thus affecting
performance of each chamber equally. Thus, compensation for such
environmental conditions is more readily achieved. Further, each chamber has
a similar concave reflective surface that focuses a substantial amount of the
light rays to the associated sensor.

Fig. 1 illustrates detector 10 which has a housing 12. Housing 12
carries control circuits 16, which could be implemented in part with a
processor and executable instructions. Housing 12 also carries housing 18 for
sensing a concentration of a selected gas.

Display 20, driven by signals from control circuit 16 could display
gas concentration, for example, parts per million or the like all without
limitation. It will be understood that the characteristics of the display 20 are
not a limitation of the present invention.

Housing 18 is formed with bounding side walls 18a, b, ¢, d which
bound on interior region 18e. The side walls define a sensing chamber or
portion indicated generally at 30a and a reference chamber or portion
indicated generally at 30b. The sensing and reference chambers 30a, b are
open to each other along a common plane P, see Fig. 3.

Plane P corresponds to plane 5-5 and is generally parallel to a direction
of flow of gas into/out of detector 10.

Reference chamber 30b is a mirror image of sensing chamber 30a. A
shared emitter 32 is located on the common plane P between the sensing and

reference portions 30a, b. The housing 18 can be formed of a variety of
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materials, including cured plastic resin, all without limitation of the present
invention.

Sensors 34a and 34b are carried on side wall 18d. Each of the sensors
34a, b has associated therewith a respective optical filter 36a, b. The filter 36a
passes a band of energy associated with the gas to be detected. The filter 36b
passes a band of energy not associated with the gas to be detected. Sensors
34a, b and their respectiVe filters 36a, b are symmetrically located relative to
plane P and emitter 32.

The filter 36a for the sensing chamber 30a passes a wavelength(s)
known to be absorbable by the gas(s) being used. Filter 30b, for reference
chamber 30b passes a wavelength(s) not absorbed by the gas(s) being sensed.

Each of the chambers 30a, b also includes a curved concave reflector
38a, 38b. The reflector could be spherical or parabolic all without limitation
of the present invention. Other curved surfaces could also be used.

Radiant energy emitted from emitter 32 is equally incident upon
reflector 38a, 38b after passing through the respective sensing chamber 30a or
reference chamber 30b. On reflection off of the respective surfaces 38a, b, the
radiant energy passes through respective filter 36a, b and is incident upon
respective sensor 34a, b which converts same to a corresponding electrical
signal. Those signals are in turn coupled to control circuit 16.

Representative types of gases suitable for being sensed using gas
sensor 18 include hydrocarbons such as carbon monoxide, carbon dioxide,
combustible gases such methane, ethane and the like as well as water vapor. It
will be understood that the gas being sensed is not a limitation of the
invention.

Emitter 32 is selected to have a radiant energy output of a wavelength
absorbable by the type of gas to be sensed. For example, emitters having
wave lengths in the range of 3 to 5 microns are suitable for sensing

hydrocarbons such as carbon monoxide or carbon dioxide. Other wave
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lengths would be used, as would be understood by those of skill in the art, for
sensing different gases.

The emitter 32 could be implemented using a light bulb, a light
emitting diode, a laser diode or the like all without limitation. It will also be
understood that the particular emitter of choice in a given gas sensor is not a
limitation of the invention.

It will also be understood that the bounded open region 18e of housing
18 through which the gas flow passes could be closed with one or more gas
receiving filters F, such as a semi-permeable membrane. Use of a filter such
as a membrane reduces or limits the velocity of gas flow through the housing
18 such that movement therein is by diffusion only. Further, use of a filter
excludes undesirable incident particulate matter. It will be understood that a
variety of filter configurations could be used without departing from the spirit
and scope of the present invention.

The gas sensor 18 has a structure which is particularly advantageous in
that there is by and large only a single reflection of radiant energy emitted at
emitter 32 before being incident on one of the respective sensors 34a, b. This
single reflection takes place at the respective reflector 38a, b. As a result, the
distance traversed by the radiant energy in both the sensing chamber and the
reference chamber 38a, b is substantially identical in both instances. The
structure is also advantageous in that the concave reflective surfaces 38a, b
focus a substantial portion of the incident radiant energy onto the respective
sensor 34a, b.

The housing 18 is also advantageous in that undesirable environmental
conditions, such as water vapor in the inflowing gas can be expected to affect
both reflectors 38a, b similarly. The debilitating effects of the condensation
on the respective reflectors can be substantially eliminated by forming a ratio
of the outputs from sensors 34a, b. "

The fabrication of reflected surfaces 38a, b is not complicated by

having to form apertures therein for an inflow of the gas to be sensed. Rather,
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the gas to be sensed enters the gas sensor 18 generally parallel to the plane P,
and, more or less perpendicular to the direction of transmission of the radiant
energy from emitter 32 across the sensing chamber and reference chamber
30a, b.

Figs. 2-7 illustrate further details of the chamber 18. The incident and
reflected radiation for sensing and reference purposes Rs, Rg travel
substantially the same distances in housing 18. Only a single reflection is
required between source 32 and sensors 34a, b as the radiant energy travels
through the gas(s) being sensed.

Housing 18 can be molded of a variety of commercially available
resins without limitation. The molding process defines the curves of reflectors
38a, b as well as mounting surfaces for emitter 32 and sensors 34a, b. There
are no adjustments as none are needed.

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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What Is Claimed:

1. A gas sensor comprising:

a housing, the housing defining first and second, substantially
mirror image portions, the portions abut one another along a common plane
and are open to one another; and

a gas inflow portal laterally located relative to portions.

2. A sensor as in claim 1 where the gas inflow portal is
substantially perpendicular to the common plane.

3. A sensor as in claim 1 with the inflow portal symmetrically
located relative to the common plane.

4. A sensor as in claim 1 which includes a gas outflow portal,
displaced from the inflow portal by the portions and symmetrically located
relative to the portions.

5. A sensor as in claim 2 which includes a filter which overlies the

portions.
6. A sensor as in claim 5 where the filter substantially reduces

fluid flow velocity in the portions.

7. A sensor as in claim 5 where, except for diffusion, the filter
reduces velocity of ambient gases in the portions substantially to zero.

8. A sensor as in claim 1 where each of the portions includes a
reflective merﬁber.

9. A sensor as in clelim 8 where the reflective members are
curved.

10. A sensor as in claim 1 which includes a radiant energy source.

11. A sensor as in claim 10 where the source is located on the
common plane.

12. A sensor as in claim 11 which includes first and second sensing
elements, one associated with each portion.

13. A sensor as in claim 12 with the elements carried by the

housing, symmetrically located relative to the common plane.
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14. A sensor as in claim 13 where the source directs radiant energy
substantially symmetrically relative to the common plane and in a plane
generally perpendicular thereto.

15. A sensor as in claim 9 where radiant energy crosses the
portions with only a single reflection.

16. A sensor as in claim 14 where radiant energy crosses the
portions with only a single reflection.

17. A chamber comprising:

a first sensing device and a second sensing device;

an emitter that transmits light;

a first concave reflective surface;

a second concave reflective surface;

the first sensing device receives at least some first light
reflected from the first concave reflective surface and the second sensing
device receives at least some second light reflected from the second concave
reflective surface;

at least one gas entry opening;

where the at least one gas entry opening is positioned such that
entering gas will enter into the first light and second light at substantially the
same time.

18. A chamber comprising:

a first sensing device and a second sensing device;

an emitter device that transmits light;

a first concave reflective surface;

a second concave reflective surface;

the first sensing device receives at least some first light
reflected from the first concave reflective surface and the said second sensing
device receives at least some second light reflected from the said second
concave reflective surface;

at least one gas entry opening;
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where the at least one gas entry opening is located such that the
gas entering the chamber will reach both the first concave reflective surface
and the second concave reflective surface at substantially the same time.

19. A chamber comprising:

a first sensing device and a second sensing device;

an emitter that transmits light;

a first concave reflective surface;

a second concave reflective surface;

the first sensing device receives at last some first light reflected
from the first concave reflective surface and the second sensing device
receives at least some second light reflected from the second concave
reflective surface; |

at least one gas entry opening;

where the at least one gas entry opening is positioned in the
chamber such that water in the gas entering the chamber will condense
substantially equally on both the first concave reflective surface and the said
second concave reflective surface at substantially the same time.

20. A chamber as in claim 19 wherein the first concave reflective
surface is substantially identical to the second concave reflective surface.

21. A chamber as in claims 19 where the at least one gas entry
opening is covered with filter material to excluded dust.

22. A chamber as in claim 19 where the first light and second light
are substantially the same.

23. A chamber as in claim 22 where the first light and the second
light vary by substantially the same amount due to water condensing on both
concave reflective surfaces.

24. A folded beam, gas sensing chamber comprising:

at least one curved reflective surface;
an emitter; and

at least one sensor of emitted light reflected just once; and
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first and second optical filters for producing a gas related
radiant energy beam and a reference beam.

25. A chamber as in claim 24 with a housing that has first and
second mirror image regions, respectively, a sensing region and a reference
region.

26. A chamber as in claim 25 where gas to be sensed flows into
both regions substantially simultaneously.

27. A gas detector comprising:

a first sensing device and a second sensing device;

an emitter;

at least a first reflective surface that reflects at least first light
rays from the emitter, a portion of said first light rays are received by a first
sensing device;

at least a second reflective surface that reflects at least second
light rays from the emitter, a portion of second light rays are received by a
second sensing device;

where the at least first and second reflective surfaces are
substantially a mirror image of one another relative to a common plane; and

at least one gas entry opening.

28. A gas detector as in claim 27 where the first sensing device
senses a predetermined gas.

29. A gas detector as in claim 27 where the second sensing device
senses a different gas than the first sensing device.

30. A gas detector as in claim 29 where the second sensing device
comprises a reference device for compensating the first sensing device.

31. A gas detector as in claim 27 where the reflective surfaces
focus at least portions of the light from the emitter to the sensing devices.

32. A gas detector as in claim 27 wherein the reflective surfaces are

formed of gold or chrome.

10
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33. A gas detector as in claim 27 where the two reflective surfaces
are separate parts that are assembled to form the reflective surfaces within the
chamber.

34. A gas detector as in claim 27 where the reflective surfaces are
integrally formed.

35. A gas detector as in claim 27 where the gas entry opening
includes a filter to exclude contaminants.

36. A gas detector as in claim 27 where the chamber has more than
one gas entry opening.

37. A gas detector as in claim 27 where the chamber parts are
constructed of plastic.

38. A gas detector as in claim 27 where the reflective surfaces are
coated with a material to prevent degrading of the reflectivity.

39. A gas detector as in claim 27 where the first and second sensing
devices are on opposite sides of the emitter.

40. A gas detector as in claim 27 where the first and second sensing
devices have at least partly surrounding light collectors to increase the light
rays focused thereon.

41. A gas detector as in claim 27 where the light collectors are
reflectors.

42. A gas detector as in claim 27 where the light collectors are
lenses.

43. A gas detector as in claim 27 where at least one of the emitter,
first sensing device, or second sensing device has a lens to focus light.

44, A gas detector as in claim 27 where the emitter has a reflector
around at least a portion of it to focus light.

45. A gas detector comprising:

a housing; "

control circuits carried by the housing;

11
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a diffusion chamber, carried by the housing, the chamber
having sensing and reference portions;

a reflector symmetrically located relative to the portions;

a gas inflow port, on the housing, oriented to enable inflowing
ambient gas to diffuse substantially symmetrically into the portions.

46. A detector as in claim 45 where the control circuits include
executable instructions to compensate for undesired gas born contaminants.

47. A detector as in claim 46 with the contaminants comprising
water vapor.

48. A detector as in claim 45 with the portions open to one another
along a common plane.

49. A detector as in claim 48 where the inflow port is
symmetrically located relative to the common plane.

50. A detector as in claim 48 where the inflowing gas moves in a
direction generally parallel to the common plane.

51. A detector as in claim 50 which includes radiant energy beams
that extend generally perpendicular to the common plane.

52. A detector as in claim 51 where the beams each exhibit a single
reflection.

53. A detector a in claim 52 with a first beam extending across and
reflected in one portion with a second beam extending across and reflected in
the other portion.

54. A detector as in claim 45 where the sensing and reference
portions are symmetrical.

55. A method comprising:

providing inflowing gas sensing and reference regions at the
same time;

enabling the gas to diffuse between the regions across a
common plane;

projecting a sensing beam across the sensing region;

12
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projecting a reference beam across the reference region;
sensing selected wavelengths in the beams subsequent to
transversing the regions; and
establishing a concentration of a selected constituent of the gas.
56. A method as in claim 55 which includes reflecting the beams
across the respective region.
57. A method as in claim 55 where the beams are projected from a
common location.
58. A method as in claim 55 where the beams are sensed at two
different locations. |
59. A method as in claim 58 where the beams are each filtered

prior to being sensed.

13
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