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(57) Abréegée/Abstract:

A process combustion transmitter (10) Is provided. The transmitter (10) includes a process probe (12) extendible into a flow of
process combustion exhaust. The process probe (12) has a measurement cell (36) with an operating temperature that is above a
flashpoint of process combustion fuel. The process probe (12) includes a heater (38) configured to heat the measurement cell (36)
to the operating temperature. Electronic circuitry i1s coupled to the measurement cell (36) and to the heater (33). The electronic
circuitry I1s configured to disengage power to the heater (38) once process combustion heat Is sufficient to maintain the
measurement cell (36) at the operating temperature and thereafter to maintain the heater (38) in a de-energized state.

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca i+

50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca C anada



wO 2014/160635 A1 | HIH\ 1A ARE SO0 DN RRW O L R

(43) International Publication Date

CA 02903401 2015-08-31

(19) World Intellectual Property
Organization
International Burecau

WIPOIPCT

2 October 2014 (02.10.2014)

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

(10) International Publication Number

WO 2014/160635 Al

(1)

(21)

(22)

(25)

(26)
(30)

(71)

(72)

International Patent Classification:
F23N 5/02 (2006.01)

International Application Number:
PCT/US2014/031561

International Filing Date:

24 March 2014 (24.03.2014)
Filing Language: English
Publication Language: English
Priority Data:
61/806,626 29 March 2013 (29.03.2013) US
14/222,015 21 March 2014 (21.03.2014) US
Applicant: ROSEMOUNT ANALYTICAL, INC.

[US/US]; 6365P Davis Industrial Parkway, Solon, OH
44139 (US).

Inventors: KRAMER, James, D.; 9466 Pawnee Rd.,
Homerville, OH 44235 (US). NEMER, Joseph, C.; 6343
Woodhawk Dr., Mayfield Heights, OH 44124 (US). SIM-

(534) Title: IN SITU HEATED PROCESS PROBE

94\

(74)

(81)

(84)

MERS, Douglas, E.; 7485 Cheryl Lane NW, Massillon,
OH 44646 (US).

Agents: CHRISTENSON, Christopher, R. ¢t al.; Kelly,
Holt & Christenson PLLC, 113 West Main Street, Wa-
conia, MN 55387 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
W,

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,

[Continued on next page]

(57) Abstract: A process combustion transmitter (10) i1s provided. The transmitter

/ S0

K TR i a2t P

’ |
LN TNITTALLZF

4wl W e s drer—— o

(10) mcludes a process probe (12) extendible mnto a flow of process combustion ex-
haust. The process probe (12) has a measurement cell (36) with an operating temperat -
ure that 1s above a flashpoint of process combustion fuel. The process probe (12) n-
cludes a heater (38) configured to heat the measurement cell (36) to the operating tem -
perature. Electronic circuitry i1s coupled to the measurement cell (36) and to the heater

(38). The electronic circuitry 1s configured to disengage power to the heater (38) once
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process combustion heat 1s sufficient to maintain the measurement cell (36) at the op-
erating temperature and thereafter to maintain the heater (38) in a de-energized state.
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[N SITU HEATED PROCESS PROBE

BACKGROUND
[0001] [ndustrial process industries primarily rely upon energy sources that include one
or more combustion processes. Such combustion processes include operation of a turnace or
boiler to generate energy from combustion, which is then used for the process. While
combustion provides relatively low-cost energy, its use is typically regulated and combustion
efficiency is sought to be maximized. Accordingly, one goal of the process management
industry is to reduce the cost of fuel being burned, which also inherently minimizes production
of greenhouse gases by maximizing combustion efficiency of existing furnaces and boilers.
0002] [n situ or in-process analyzers are commonly used for monitoring, optimizing,
and/or controlling combustion processes. Typically, these analyzers employ sensors that are
heated to relatively high temperatures and are operated directly above, or near, the furnace or
boiler combustion zone. Known analyzers, such as those sold under the trade designation
Oxymitter™ or Model 6888 O2 Combustion Flue Gas Transmitter available from Rosemount
Analytical, Inc. of Solon, Ohio (an Emerson Process Management company), otten employ
zirconia oxide sensors heated to a temperature above approximately 736° Celsius (1300°
Fahrenheit). If the combustion process should suffer a flame out condition, raw fuel and air
could be exposed to this sensor which, by virtue of its elevated temperature, could become an
ignition source with the possibility of precipitating an explosion.
[0003] Some process analyzers are approved for hazardous area operation. Some
approvals include those provided by the Canadian Standards Association (CSA), Factory
Mutual (FM), ATEX, et cetera. Typically, hazardous area-approved analyzers include a flame
arrestor that is added over the diffuser with the intent of quenching, or otherwise inhibiting, an
explosion that might occur in front of the heated measurement cell, thereby preventing the
ignition of the larger fuel volume in the boiler or combustion zone. These flame arrestors have
been tested and approved in the past. However, it is believed that such arrestors can be
improved. Moreover, the utilization of the flame arrestors may inhibit, to some degree, access
to the measurement cell thereby increasing measurement lag. However, the utilization of flame
arrestors adds expense and complexity to the system.
[0004] Some known process analyzers use flame scanners to detect a flameout and
quickly and automatically cease fuel and/or air flow. Additionally, some efforts have been

directed toward automatically creating a gaseous buffer between the measurement cell and the
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flue upon detection of a flameout. While these systems are effective, they add additional

hardware and complexity thereby increasing system cost.

SUMMARY
[0005] A process combustion transmitter is provided. The transmitter includes a process
probe extendible into a flow of process combustion exhaust. The process probe has a
measurement cell with an operating temperature that is above a flashpoint of process
combustion fuel. The process probe includes a heater configured to heat the measurement cell
to the operating temperature. Electronic circuitry is coupled to the measurement cell and to the
heater. The electronic circuitry is configured to disengage power to the heater once process
combustion heat is sufficient to maintain the measurement cell at the operating temperature and

thereafter to maintain the heater in a de-energized state.

According to one aspect of the present invention there is provided a method of
controlling a temperature of a process probe of a combustion transmitter, the method
comprising:

detecting an operating temperature of the process probe, the process probe being
disposed within a flow of process combustion exhaust, the process probe having a measurement
cell with an operating temperature that is above a flashpoint of process combustion fuel, wherein
the process probe includes a heater configured to heat the measurement cell to the operating
temperature;

comparing, using electronic circuitry coupled to the measurement cell, the
indication of the detected operating temperature to a predetermined heater shutott threshold;

de-energizing the heater power upon detecting that the heater shutott threshold has
been reached, such that combustion is a sole heat source for the measurement cell;

recelving a reset signal; and

in response to the received reset signal, re-engaging the heater power.

According to a further aspect of the present invention there is provided a method
of operating an in situ process combustion transmitter having a measurement cell with an
operating temperature above a flashpoint of combustion fuel, the method comprising:

initializing the transmitter, wherein initializing comprises instructing the
transmitter to begin providing a process combustion variable output and to heat the
measurement cell to the operating temperature;

receiving a temperature measurement, from the transmitter, of a process probe
containing the measurement cell, wherein the temperature i1s measured using a temperature

sensor separate from the measurement cell;
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determining whether the measured temperature has reached a heater shutoft
threshold by comparing the measured temperature to the heater shutott threshold; and

latching the heater in a de-energized state based on the determination that the
measured temperature has reached the heater shutoff threshold such that only a process heat

source provides heat to the measurement cell.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] FIG. 1 is a diagrammatic view of an in situ combustion process analyzer with
which embodiments of the present invention are particularly usetul.
[0007] FIG. 2 is a diagrammatic exploded view of a process analytic oxygen transmitter
in accordance with an embodiment of the present invention.
[0008] FIG. 3 is a diagrammatic view of an in situ combustion process analyzer in
accordance with an embodiment of the present invention.
[0009] FIG. 4 is a flow diagram of a method of operating an in situ process analytic

oxygen transmitter in accordance with an embodiment of the present invention.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
[0010] FIG. 1 is a diagrammatic view of an in situ process combustion analyzer with
which embodiments of the present invention are particularly useful. Transmitter 10 can be any
suitable analyzer including the 6888 02 Combustion Flue Gas Transmitter listed above.
Transmitter 10 includes a probe assembly 12 that is disposed within a stack or flue 14 and
measures at least one parameter related to combustion occurring at burner 16. Typically,
transmitter 10 is an oxygen transmitter, but can be any device that measures any suitable
parameter related to the combustion process. Burner 16 is operably coupled to a source 18 of
air or oxygen and a source 20 of combustible fuel. Each of sources 18 and 20 is preferably

coupled to burner 16 through a valve of some sort to deliver a controlled amount of oxygen
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and/or fuel to burner 16 in order to control the combustion process. Transmitter 10 measures
the amount of oxygen in the combustion exhaust flow and provides an indication of the oxygen
level to combustion controller 22. Controller 22 controls one or both of valves 24,26 o provide
closed-loop combustion control. Transmitier 10 includes an oxygen sensor that typically
employs a zirconla oxide sensor substrate to provide an electrical signal indicative of oxygen
concentration, content or percentage in the exhaust. Zirconia oxide sensors operate at a
temperature of about 700° Celstus and transmitter 10 includes, within probe assembly 12, an
electrical heater that 1s operably coupled to AC power source 29. AC power source 29 can be
a 110 or 220 VAC source that provides electrical energy to one or more electrical heating
elements within probe assembly 12 to heat the zirconia oxide sensor substrate to a suitable
[emperature.

10011] As can be appreciated, should burner 16 experience a flameout condition, it 1S
possible that raw fuel and air could continue to flow from sources 20, 18, respectively, which
materials could contact the hot zirconia oxide sensor, which could provide an unintended
source of ignition. In order to address flameout conditions, prior art methods generally include
a flame scanner 28 disposed to provide a signal indicative of the presence of flame 30 at burner
16. This flame scanner signal has been provided allow suitable reaction to the flameout
condition. In the past, the flame scanner signal has been used to close a fuel valve and/or
remove power [rom the analyzer thereby de-energizing the heater within probe assembly 172.
In many cases, this removal of power allows rapid cooling of the zirconia oxide sensor to a
temperature that is below the fuel 1gnition temperature, thereby creating a sate condition.
[0012] FIG. 2 is a diagrammatic view of an in situ process combustion analyzer n
accordance with an embodiment of the present invention. Probe assembly 12 1s gencrally
configured to house the sensor core assembly which includes diffuser 32 disposcd next to
measurement cell 36. As described above, measurement cell 36 1s operable at an elevated
temperature and the elevated temperature 1s provided by electrical heater assembly 38, during
startup. Measurement cell 36 and heater assembly 38 are electrically coupled to electronic
circuitry of transmitter 10. The electronic circuitry is carried on electronics board 42 in housing
44. Additionally, temperature scnsor 46 is also coupled to electronic circuitry on board 42.
Temperature sensor 46 provides an indication of the temperature of the probe assembly 12 to
the circuitry. Temperature sensor 46, in one embodiment, 1s separate from and 1n addition to
the temperature sensor disposed within or proximate heater assembly 38 for thermal control of

“u

heater 38 during energization. In this way, temperature sensor 46 can provide an indication ol
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process heat that is less affected by heat generated from heater assembly 38. In accordance with
an embodiment of the present invention, the electronic circuitry is configured, through
hardware, software or a combination thereof, to determine whether the temperature of probe
assembly 12, as indicated by temperature sensor 46, has reached a heater shutoff threshold and
upon reaching such threshold, latching, or otherwise placing, the heater power in an oft
condition until the clectronic circuitry receives a reset signal. Thus, the process heat becomes
the sole source of elevated temperature for measurement cell 36. If the process combustion
should suffer a flameout condition, the loss of flame will quickly allow measurement cell 36
to cool such that it will not be a source of unintended ignition for non-combusted fuel. This
passive protection feature can provide enhanced {lameout protection in environments wherce a
flame scanner is not technically and/or cconomically feasible. Additionally, while
embodiments of the present invention arc designed for use at flameout conditions, they are
gencrally not employed during system startup. However, the system startup 1s generally a more
controlled situation than a steady state flameout becausc a technician or operator s present
during the system startup.

10013] FIG. 3 is a diagrammatic view of an in situ combustion process analyzer in
accordance with an embodiment of the present invention. Transmitter 50 includes probe
assembly 52 containing therein a process gas sensor that operates at a temperature that 1s high
enough to ignite unburned fuel from source 20 in the presence of air or oxygen {rom source 18
if flame 30 is lost. The combustion process analyzer shown in FIG. 3 does not require a flame
scanner signal and thus the flame scanner is omitted from the combustion monitoring/control
system. Transmitter 50, in accordance with an embodiment of the present invention, once reset,
will allow its heater to operate until such time as it determines that process heat from flame 30
is sufficient to maintain a suitable elevated temperature of measurement cell 36, within probe
assembly 52. Once the process heat 1s sufficient, heater 38 1s disengaged and thereafter
maintained in such condition until transmitter 50 1s reset. Such reset can be in the form of a
technician operating a reset button or control disposed on transmitter 50 or by sending a suitable
reset command to transmitter 50 via a process communication loop or other suitable
communication channel. This reset signal will generally be provided by the technician when
the combustion process is starting up, and thus occurs under the technician’s supcrvision. Since
embodiments of the present invention provide protection against {lameout conditions without
the need for a flame scanner signal or a constant connection to a source of gas, such as

calibration or purge gas, it is believed that embodiments of the present invention can be utilized
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in more applications than previous systems due to the simplicity and lower cost. Additionally,
some embodiments of the present invention may be practicable without requiring the additional
expense of a flame arrestor.

10014} FI1G. 4 1s a flow diagram of a method of operating an in situ process analytic oxygen
transmitter in accordance with an embodiment of the present invention. Method 80 begins at
block 82 where the in situ transmitter 1s mitialized. Such initialization may include an nitial
power-up of the transmitter or, in the case of the transmitter already having power, the
provision of a reset signal, either locally or via suitable communication techniques. Once
initialized, the in situ transmitter will allow 1ts heater to be engaged. as indicated at block 84.
This allows the measurement cell to quickly reach 1ts operating temperature such that useful
process measurements can be provided. At block 86, the transmitter begins providing process
variable information, such as oxygen content in combustion gases, to a process controller, such
as controller 22, or other suitable device. At block 88, the transmitter determines if process heat
is sufficient to maintain an elevated temperature of the measurement cell. 1f the process heat 1s
not sufficient, control returns to block 86 via line 90, and the method loops until sufficient
process heat 1s present. Once sufficient process heat is present, control passes to block 92,
where the heater i1s latched in an off or de-energized state. The determination of whether
sufficient process heat is present, 1n one embodiment, 1s performed automatically by transmaitter
52. In such instance, transmitter 52 measures a temperature within or proximate probe 52 and
compares the measurcd temperature with a threshold value. Il the measured temperature 1s at
or above the threshold value, for example, the heater can be de-energized and remain so until
the transmitter receives a resct. However, embodiments of the present invention also includc
other techniques by which the heater may be latched off. For example, the transmitter may
receive a “heater off” signal from the combustion controller, which has determined that the
combustion heat is sufficient to maintain the measurement cell at a suitable elevated
temperature for operation. Once the heater 1s latched off, control passes to block 94 where the
process combustion transmitter continues providing process variable information regarding
process combustion gases, such as oxygen content, while the heater 1s de-energized.

[0015] Although the present invention has been described with reference to preferred
embodiments, workers skilled in the art will recognize that changes may be made in form and

detail without departing from the spirit and scope of the mvention.



6

The embodiments of the invention in which an exclusive property or privilege 1s

claimed are defined as follows:

1. A method of controlling a temperature of a process probe of a combustion
transmuitter, the method Comprising:

detecting an operating temperature of the process probe, the process probe being
disposed within a flow of process combustion exhaust, the process probe having a
measurement cell with an operating temperature that is above a ﬂashpoint of process
combustion fuel, wherein the process probe includes a heater configured to heat the
measurement cell to the operating temperature;

comparing, using electronic circuitry coupled to the measurement cell, the
indication of the detected operating temperature to a predetermined heater shutoff
threshold;

de-energizing the heater power upon detecting that the heater shutoff threshold

has been reached, such that combustion is a sole heat source for the measurement cell;
receiving a reset signal; and

in response to the received reset signal, re-engaging the heater power.
2. The method of claim 1, wherein the measurement cell includes an oxygen sensor.

3. The method of claim 2, wherein the oxygen sensor is a heated sensor with an

operating temperature at or above about 700 degrees Celsius.

4. The method of any one of claims 1 to 3, wherein the reset signal is generated

locally at the combustion transmitter.

S. T'he method of any one of claims 1 to 4, wherein the electronic circuiiry is

contigured to receive the reset signal via a process communication loop.

6. A method of operating an in situ process combustion transmitter having a
measurement cell with an operating temperature above a flashpoint of combustion fuel,

the method comprising:

CA 2903401 2017-08-31
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mitializing the transmitter, wherein initializing comprises instructing the

transmitter to begin providing a process combustion variable output and to heat the

measurement cell to the operating temperature;

receiving a temperature measurement, from the transmitter, of a process probe
containing the measurement cell, wherein the temperature is measured using a

temperature sensor separate from the measurement cell;

determining whether the measured temperature has reachéd a heater shutoff
threshold by comparing the measured temperature to the heatér shutoff threshold;

latching a heater in a de-energized state based on the determination that the
measured temperature has reached the heater shutoff threshold such that only a process

heat source provides heat to the measurement cell.

7. The method of claim 6, wherein det'ermi.ning whether the measured temperature
has reached a heater shutoff threshold is performed by the process combustion

transmitter.

8. The method of claim 6 or 7, wherein the operating temperature is about 700

degrees Celsius.

9. The method of any one of claims 6 to 8, wherein the process combustion variable

output is indicative of an oxygen content in combustion exhaust.

10.  The method of any one of claims 6 to 9, wherein initializing the process

combustion transmitter includes providing a reset to the process combustion transmitter.

11. The method of claim 10, wherein the reset is provided locally to the process

combustion transmitter.

12. The method of claim 10, wherein the reset is provided to the process combustion

transmitter over a process communication channel.

13. The method of any one of claims 1 to 5 and 10 to 12, wherein the reset signal

comprises a command from a technician.

CA 2903401 2017-08-31



14.  The method of any one of claims 1 to 13, wherein the process combustion

variable output is provided regardless of an energized state of the heater power.

CA 2903401 2017-08-31
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