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transmitter corresponding to each of the data collectors for transmitting the data, a data center configured and programmed to

recelve the data from the local transmitters corresponding to the one or more burners, and a server configured and programmed to
store at least a portion of the data, to convert the data into a display format, and to provide connectivity to enable receipt and
transmission of data and the display format via a network including at least one of a wired network, a cellular network, and a Wi-FI
network. The remote burner monitoring system of the present invention enables the remote monitoring of burner performance In

an Integrated wireless manner both locally and at a distance and further in real time.
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ABSTRACT

A remote burner monitoring system including one or more burners each including
integrated sensors, a data collector corresponding to each of the burners for receiving
and aggregating data from the sensors of the corresponding burner, and a local
transmitter corresponding to each of the data collectors for transmitting the data, a data
center conftigured and programmed {o receive the data from the local transmitters
corresponding o the one or more burners, and a server contfigured and programmed to
store at least a portion of the data, to convert the data into a display format, and to
provide connectivity to enable receipt and transmission of data and the display format via
a network including at least one of a wired network, a cellular netwaork, and a Wi-Fi
network. The remote burner monitoring system of the present invention enables
the remote monitoring of burner performance in an integrated wireless manner

both locally and at a distance and further in real time.
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TITLE
REMOTE BURNER MONITORING SYSTEM AND METHOD
BACKGROUND

[0001] This application relates to a combustion system including a burner having
integrated sensors and a data collection and transmission apparatus to enable

remote monitoring of burner operation.

[0002] Burners, by their nature, operate in harsh environments, since they are used
to provide combustion heat to all sorts of industrial furnaces. Often, the only way to
assess burner performance is to monitor local gauges and other (sometimes
temporarily mounted) sensors at the furnace, where heat, dust, and vibration are
prevalent. Some attempts in the art have been made to provide remote data
monitoring and alarming based on sensors mounted at the burner, but none of these
has done so in an integrated wireless manner that enables remote reai-time
monitoring of burner operation, both locally (i.e., in the plant but away from the

burner) and from a distance (e.g., over the Internet).

SUMMARY

[0003] A system is described for remotely monitoring burners that are instrumented
to measure burner parameters to enable monitoring of burner performance and to
assist in predictive maintenance by detecting changes in operation of the burner
before a failure or shutdown occurs. Furnaces parameters may also be monitored
for the same reasons. The burner instrumentation is integrated with the burner, for
example as described in commonly owned U.S. patent application Publication
US2015/0316256 entitled “Oil Burner with Monitoring” and commonly owned PCT
patent application Publication W02015/168278 entitled “Burner with Monitoring".
Such instrumentation can be integrated into any burner, including a burner that uses
one or more of gaseous fuel, liquid fuel, and solid fuel, and including a non-staged
burner, a fuel-staged burner, an oxidant-staged burner, and a burner in which both

fuel and oxidant are staged. It is understood that for each type of
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burner, the type, position, and quantity of sensors can be customized to correspond to

the operational modes and parameters most relevant to that particuiar burner.

[0004] The resultant data is transmitted wirelessly to a central location such as a
receiving data center where data from one or multiple burners is collected and can be
retransmitted. Depending on the layout of the facility, it may be advantageous to use
more than one data center to receive data from burners located in respective proximity to
each data center. The data may be used for any purpose, including monitoring the
burners operation for maintenance needs or for optimization possibilities, and for
trending, alarming, and the like. The data is provided in a form that can be either
manually observed, for example by an operator, or through software that can inform
operators of abnormal or suboptimum performance. Such information may be provided

in the form of screen alerts, emails, text messages, or other means.

[0005] The receiving data center aggregates data from one or multiple burners and is
capable of retransmitting that data via a network such as Internet, an intranet, a local
area network (LAN), and a wide area network (WAN). The data center may include a
server that serves up the data in a format that is accessible {0 authorized users, such as
a web page or mobile device app. Alternative, a cloud-based server on the network may
be used to provide data directly or indirectly to users via the network. The data center
may also, or alternatively, provide the data over a restricted access Wi-Fi or Blue Tooth
so that authorized users can access the data from any location within the vicinity of the
data center including at the burners or at locations that provide inputs such as fuel and
oxidant flow to the burners. The data center may also have the capability to archive the
data locally or in a cloud-based remote data repository for later retrieval. Further,
software can be run either locally at the data center or on a cloud-based server to
perform various features, such as monitoring trends of the data from one or multiple
burners, and/or providing comparisons between burners or to known optimum
conditions. The data from the burners could also be used to control the furnace and
burner operation either in a closed loop or open loop fashion both to keep burner
parameters within safe or in-control limits and to automatically tune local flame
characteristics to user-set values including without limitation heat flux and flame length,
and also to quickly respond to warning signs including without limitation burner nozzle or
block overheating or flame instability.



10

15

20

25

30

CA 02889629 2015-04-28

'[b(()06] Aspect 1. A remote burner monitoring system comprising: one or more burners

each including integrated sensors; at least one data collector corresponding to each of
the burners for receiving and aggregating data from the sensors of the corresponding
burner, and at least one local transmitter corresponding to each of the data collectors for
transmitting the data; a data center configured and programmed to receive the data from
the local transmitters corresponding to the one or more burners; and a server configured
and programmed to store at least a portion of the data, to convert the data into a display
format, and to provide connectivity to enable receipt and transmission of data and the
display format via a network including at least one of a wired network, a cellular network,

and a Wi-Fi network.

[0007] Aspect 2. The system of Aspect 1, further comprising: a computer configured
and programmed to transmit and receive data to and from the network.

[0008] Aspect 3. The system of Aspect 1 or Aspect 2, wherein the data center includes
one or more of a data receiving for receiving the data, a server for storing at least a
portion of the data, and a router for providing connectivity to enable network receipt and

transmission of data.

[0009] Aspect 4. The system of any one of Aspects 1 to 3, wherein the data collector of
each of the burners is programmed to provide a correct voltage to each of the integrated

sensors of the burner.

[0010] Aspect 5. The system of any one of Aspects 1 to 4, wherein the data collector of
each of the burners is programmed to provide power to individual sensors only when
data is to be collected, based on one or both of a combination of sensed data and a
periodic schedule, and taking into account the specific requirements of each of the

Individual sensors.

[0011] Aspect 6. The system of any of Aspects 1 to 5, wherein the local transmitter
corresponding to each of the burners transmits data wirelessly, either directly to the
recelver server or indirectly via one or more Wi-Fi repeaters, as required by the distance

and signal path between the burner and the receiver server.

[0012] Aspect 7. The system of any of Aspects 1 to 6, wherein the display format is
selected from the group consisting of: an Internet web page format and a mobile device
app format.
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[0013] Aspect 8. The system of any one of Aspects 1 to 7, wherein the data collector
corresponding to each burner is powered by local energy harvesting.

[0014] Aspect 9. The system of any one of Aspects 1 to 8, wherein at least one of the
burners uses an oxidant selected from the group consisting of: air, oxygen-enriched air,

industrial grade oxygen, and combinations thereof.

[0015] Aspect 10. The system of Aspect 9, wherein at least one of the burners IS
configured to combust a fuel selected from the group consisting of: gaseous fuel, liquid

fuel, solid fuel, and combinations thereof.

[0016] Aspect 11. The system of Aspect 9 or Aspect 10, wherein at least one of the
burners is configured to perform staged combustion.

[0017] Aspect 12. The system of any one of Aspects 1 to 11, wherein the server Is

integrated with the data center.

[0018] Aspect 13. The system of any one of Aspects 1 to 11, wherein the server is

located in the cloud.

[0019] Aspect 14. A method of monitoring operation of one or more burners, the
method comprising: sensing operational data at each of the burners; locally collecting
the data at each of the burners; transmitting the collected data from each of the burners
to a data center; converting the data into a display format; transmitting the display format
via a network including at least one of a wired network, a cellular network, and a Wi-Fi

network.

[0020] Aspect 15. The method of Aspect 14, wherein converting the data into a display
format comprising serving up the data in one or more of an Internet web page format and

a mobile device app format.

[0021] Aspect 16. The method of Aspects 14 or Aspect 15, further comprising:
transmitting the collected data from the data center via the network to the cloud; storing
the collected data in a remote data repository; and enabling access via the network to

the collected data stored in the remote data repository.

[0022] Aspect 17. The method of any one of Aspects 14 to 16, further comprising:
analyzing the collected data including performing statistical analysis of the collected data
corresponding to one of the burners, performing comparative analysis of the collected
data between two or more of the burners, comparing the collected data for one or more
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of the burners to preset alarm setpoints and generating alarms, and combinations

thereof.

[0023] Aspect 18. The method of any one of Aspects 14 to 17, further comprising:
controlling operation of the one or more burners based on the collected data and

analysis of the collected data; wherein controlling operation includes one or more of
maintaining burner operating parameters within prescribed limits, tuning local flame

characteristics, and rapidly responding to adverse burner conditions.

[0024] Aspect 19. The method of Aspect 18, wherein the local flame characteristics

include one or more of heat flux and flame length.

[0025] Aspect 20. The method of Aspect 18, wherein the adverse burner conditions
include one or more of an elevated temperature of a burner component, an elevated

temperature of a furnace component, and flame instability.

[0026] Other aspects of the invention are described below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Fig. 1 is a schematic showing components of a communication system for

collecting, transmitting, and analyzing data collected from various sensors on a burner.

[0028] Fig. 2 is a data flow chart indicating schematically the flow, analysis, and use of

data from various sensors on a burner.

[0029] Fig. 3A is rear perspective view of an exemplary burner with monitoring for

insertion into a burner block.

[0030] Fig. 3B is a rear perspective view of an exemplary burner with monitoring as in
Fig. 3A inserted in a burner block.

[0031] Fig. 4 is a front perspective view of an exemplary burner similar to the burner in
Fig. 3A inserted in a burner block, but without monitoring capabilities.

[0032] Fig. 5 is a cross-sectional view of an exemplary burner with monitoring inserted

in a burner block.

[0033] Fig. 6 is a schematic showing components of a local power generation system
for powering a locally positioned data collector and/or a data center.
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DETAILED DESCRIPTION

[0034] An oxy-fuel burner typically includes at least one oxidant passage tor suppiying
oxidant to at least one oxidant nozzle and at least one fuel passage for supplying fuel to
at least one fuel nozzle. Additionally, in a staged oxy-fuel burner, one or both of fuel and
oxidant (e.g., oxygen) is staged such that a primary stream patticipates in initial
combustion while a secondary stream participates in delayed combustion away from the
burner. For example, for oxidant staging, the oxidant is proportioned between a primary
oxidant passage and a secondary oxidant passage, with the secondary oxidant being
supplied to at least one secondary oxidant nozzle spaced apart from the primary oxidant
nozzle(s) and fuel nozzle(s). Such staging may be accomplished by a staging valve
upstream of the primary and secondary oxidant passages that proportions one incoming
oxidant stream between the two passages. Alternatively, the flow to each of the primary
and secondary oxidant passages may be independently controlled by a separate control
valve. In other burners, fuel may be staged similarly, using either a staging valve or
separate flow controls for primary and secondary streams. Further, in some burners,

both fuel and oxidant may be staged.

[0035] Therefore, significant information can be gleaned about the operation of a
burner by sensing parameters including but not limited to the inlet fuel temperature and
pressure and composition information, the inlet oxidant pressure, nozzle tip temperatures
(fuel, primary oxidant, secondary oxidant), the burner and/or burner block face
temperature at various locations, the furnace wall temperature, the staging valve position
(for fuel and/or oxidant), the relative position and angle of various burner components,
and the atomizing gas pressure (in a liquid fuel burner), whether alone or in combination

with each other.

[0036] Burners can be provided with integrated sensors. In one embodiment, one or
more burners with integrated sensors, for example sensing temperatures, pressures, and
positions and angles, that transmit data back to a data receiving center, and the data
receiving center collects and retransmits the data either locally or remotely for use,
evaluation, analysis, alarming, or other process function. Optionally, the data receiving
center can provide alerts to users regarding abnormal or undesired operation. Alerts can
be done via text messages, emails, flashing lights, web page indicators, a phone call
with a prerecorded message, or others mechanisms.
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[0037] For example, Figs. 3A, 3B, and 5 depict an embodiment of a staged oxy-oll
burner 10 with integrated sensors, power supply, and communications equipment.
Although an oxy-oil burner is described herein as an exemplary embodiment of a burner
with monitoring, the same or similar communications equipment and methods, along with
similar or analogous integrated sensors, customized to the configuration, design, and
operational mode of the particular burner, can be used on burners that combust gaseous
fuel with oxidant. In particular, with the exception of parameters that relate specifically to
oil combustion, such as the oil and atomizing gas inlet pressures, all of the parameters
and sensors described herein are similarly applicable to a burner combusting any fuel,

including gaseous fuel, solid fuel (e.g., petcoke) in a carrier gas, or liquid fuel.

[0038] The power supply is preferably a battery or a iocal power generator for ease of
installation and to avoid possible safety issues with wired power. The sensors may
include but not limited to, in any combination, temperature sensors, pressure sensors,
position sensors, angle sensors, contact sensors, gyroscope, sound sensors, vibration

sensors, IR or UV sensors, gas composition sensors, accelerometers, and flow sensors.

[0039]

[0040] The burner 10 has a discharge end 51 and an inlet end 19. For convenience of
description, the discharge end 51 is sometimes referred to herein as the front or forward
direction of the burner 10, while the inlet end 19 is sometimes referred to as the rear or
rearward direction of the burner 10. When the burner 10 is mounted in a furnace, the
discharge end 51 faces the interior of the furnace.

[0041] The burner 10 includes a burner block 12, a burner body 14 positioned rearward
from burner block 12 with respect to the furnace, and an instrument enclosure 16

positioned rearward with respect to the burner body 14. The burner body 14 includes a
mounting plate 53 that is secured to the burner block 12. The burner block 12 has a

front face 18 that, when mounted, faces into the furnace.

[0042] The burner block 12 includes a primary oxidant passage 30. An oil lance 20 is
positioned within the primary oxidant passage 30 and has an atomizing nozzie 22 at its
discharge end. The atomizing nozzle 22 is substantially surrounded by the primary
oxidant passage 30 so that atomized fuel oil discharged from the nozzle 22 will mix
intimately with the primary oxidant stream upon discharge. Preferably, the oil lance 20
and the nozzle 22 are separately manufactured parts that are joined together, for
example by welding, to form a unitary lance with nozzle. In the depicted embodiment,

-7 -
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the oil lance 20 substantially centrally positioned within the primary oxidant passage 30,
although it is understood that the oil lance 20 may be located in a non-central provided
the nozzle 22 is adapted to distribute the atomized oil to be adequately mixed with the
primary oxidant stream for combustion. Alternatively, for an oxy-gas burner, a gaseous
fuel passage can be positioned within the primary oxidant passage 30 in place of the oil
lance 20. The burner block 12 further includes a secondary oxidant passage 40 spaced
apart by a fixed distance from the primary oxidant passage 30.

[0043] The primary oxidant passage 30 is fed oxidant from a primary oxidant conduit
32 positioned in the burner body 14 and extending into a rear portion of the burner block
12. Oxidant is fed through a pair of oxidant inlets 38 into an oxidant plenum 36 that in
turn feeds the primary oxidant conduit 32. A diffuser 34 may be positioned between the
oxidant inlets 38 and the oxidant plenum 36 to aid In straightening out the primary

oxidant flow prior to entering the primary oxidant conduit 32.

[0044] The secondary oxidant passage 40 is fed oxidant from a secondary oxidant
conduit 42 positioned in the burner body 14 and extending into é rear portion of the
burner block 12. A staging valve 48 in the burner body 14 redirects a portion of the
oxidant supplied by the oxidant inlets 38 into the secondary oxidant conduit 42. The
term “staging ratio” is used to describe the proportion of oxidant that is redirected to the
secondary oxidant conduit 42, and thus away from the primary oxidant conduit 32. For
example, at a staging ratio of 30%, 70% of the oxidant is directed to the primary oxidant
conduit 32 (and thus to the primary oxidant passage 30) as a primary oxidant stream and
30% of the oxidant is directed to the secondary oxidant conduit 42 (and thus to the
secondary oxidant passage 40) as a secondary oxidant stream.

[0045] The oxidant gas fed to the oxidant inlets 38 may be any oxidant gas suitable for
combustion, including air, oxygen-enriched air, and industrial grade oxygen. The oxidant
preterably has a molecular oxygen (O2) content of at least about 23%, at least about
30%, at least about 70%, or at least about 98%.

[0046] The ol lance 20 extends rearward through the burner body 14 and through the
instrument enclosure 16. Fuel oil is supplied to the oil lance 20 through an oil inlet 26.
Due to the viscosity of fuel oil, it is typically necessary to also supply an atomizing gas to
the oil lance 20 through an atomizing gas inlet 28. The atomizing gas may be any gas
capable of atomizing the fuel oil as it exits the nozzle 22, including air, oxygen-enriched
air, or industrial grade oxygen.
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[0047] Various temperature sensors may be used for monitoring the temperature of
burner components and for help determine fuel inlet conditions. In the depicted
embodiment of Figs. 3A, 3B, and 5, a temperature sensor 102 is embedded in the
atomizing nozzle 22 in the oil lance 20 for measuring the temperature at the discharge
end of the oil lance 20. Temperature sensors may be placed on other components of the
burner 10 to monitor operational parameters such as burner integrity, flame stability,
flame position. For example, one or more temperature sensors 110 may be mounted in
the burner block 12 near the front face 18. The temperature sensors 110 are preferably
set back slightly from the front face 18 to protect them from the furnace environment.
The temperature sensors 110 may be centered with respect to the primary oxidant
passage 30, or offset from the minor axis centerline. and may be used to determine
whether the flame is impinging on the burner block 12 or whether the flame is centered
about the oil lance 20 or the primary oxidant passage 30. Temperature sensors may
even be positioned in other locations of the furnace proximate to the burner for

monitoring combustion conditions.

[0048] A temperature sensor 112 positioned in the oil stream near the oil inlet 26 to
monitor the temperature of the oil being supplied to the burner 10. It is important to
ensure that the viscosity of the oil stream will enable proper oil atomization, and the
viscosity is a function of temperature as well as oil composition. Therefore, for any
particular oil composition, an optimum temperature range can be determined for

atomization.

[0049] In the depicted embodiment, pressure sensors are also installed in the burner
10. A pressure sensor 114 is positioned in the oil stream near the oil inlet 26. The
pressure sensor 114 may be mounted in the same sealing mechanism 61 as the
temperature sensor 112, with the pressure sensor 114 being located in a different sensor
port (not shown). Alternatively, the pressure sensor 114 may be mounted in a separate
sealing mechanism having essentially the same construction as the sealing mechanism
61. Inthe embodiment of Fig. 5, a pressure sensor 116 is mounted in the atomizing gas
stream near the atomizing gas inlet 28, and a pressure sensor 128 is mounted in the
oxidant stream either near one of the oxidant inlets 38 or in the oxygen plenum 36
upstream of the staging valve 48. If desired, separate oxidant pressure sensors may be
mounted in each of the primary oxidant conduit 32 and the secondary oxidant conduit 42
to detect the pressure of oxidant being supplied to each of the oxidant passages 30 and
40, respectively, in the burner block 12. The pressure sensors may be located inside or

- 9.
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outside of the instrument enclosure 16, and are wired by cable for both power supply and

signal transmission.

[0050] As shown, the instrument enclosure 16 includes a battery port 81 and an

antenna 83 for wireless communication of data.

[0051] Note that similar configurations to the foregoing could be used to mount other

sensors to monitor any of the feed streams.

[0052] Measuring the oil pressure can provide information about the flow resistance of
the oil lance (e.g., decreased flow area due to coking or some other blockage will cause
a pressure rise), the flowrate of the oil, and the viscosity of the oil (which is a function of
temperature and composition). The oil pressure information is likely to be more useful
when combined with other information (e.qg., the oil temperature, the oil flowrate, the
burner tip temperature, and data trending) in detecting maintenance needs of the oil

lance.

[0053] Measuring the atomizing oxidant pressure also provides information about the
oil flowrate and resistance and is theretfore related to the oil pressure, but it is typically
not the same and provides another element of information. Both of these instruments are
located within the instrument box on the oil lance.

[0054] The oxygen pressure measurement provides information about the oxygen
flowrate, flow resistance (i.e. blockage that may occur), and staging valve position.

[0055] The instrument enclosure 16, which is shown in partial cutaway in Figs. 3A and
3B, is sealed and insulated to protect instrumentation contained therein from the dust
and heat of a furnace environment. The instrument enclosure is positioned toward the
rear 19 of the burner 10 to reduce the radiant heat energy received from the furnace.
The instrument enclosure 16 includes at least a data collector 60, a power supply, and a
transmitter 62 for sending data from the data collector 60 to a data center 200 (which
may collect and display data from multiple burners, or retransmit data for display
elsewhere) located either locally or remotely. Depending on the quantity and location of
burners 10, and the quantity and type of sensors, more than one data collector 60 and/or
more than one transmitter 62 may be required per burner 10, and/or more than one data
center 200 may be used.

[0056] The power supply is used to power the pressure sensors, the data collector, and
the transmitter, and any other sensors and equipment requiring power. Preferably, the

- 10 -
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power supply is powered by a local battery that may or may not be charged via local
energy harvesting or power generation to avoid having to wire outside power to the
instrument enclosure 16. For example, local power generation may include using
temperature gradients, mass flow, light, induction, or other means to generate sufficient
power to support the sensors and other associated equipment in the instrument

enclosure 16.

[0057] Power may be supplied to the data collector 60 by a local power generation
system. Fig. 6 is a schematic of an exemplary local power generation system 208 to
provide electrical power to the data collector 60. In the depicted embodiment, the local
power generation system 208 includes a rechargeable battery 206 or super capacitor,
and an energy harvester 204. The rechargeable battery 206 may include, for example,
one or more lithium I1on batteries or the like. Charging and discharging of the battery 206
is controlled by a battery supervisor 202, which is positioned as a hub between the data
collector 60, the battery 206, and the energy harvester 204. The battery supervisor 202
can be configured to perform various functions, including but not limited to one or more
of the following, alone or in combination: conditioning power flowing to and from the
pattery 206 and the energy harvester 204, maximum power point tracking to maximize
harvested energy efficiency from the energy harvester 204, and permitting the data
coliector 60 to turn on only when there is sufficient energy available in the battery 206.
Local power generation systems 208 as described herein may be used to respectively
power individual data collectors 60 located at each burner 10, or one local power
generation system may power one or more nearby data collectors 60. These local
power generation systems can operate to store power during periods of low usage and
release power during periods of high usage, thereby minimizing the required capacity of
the energy harvester. In addition, similar local power generation systems 208 can be

used to power the one or more data centers 200.

[0058] Advanced power management helps ensure long-term operation of the system
on limited battery or locally generated power supply. Power is supplied to a
customizable Wireless Intelligent sensor Node (WIN) that is highly configurable to
provide the correct required voltage each of the different sensors. Moreover, the WIN

intelligently turns off power to individual sensors when they are not in use, collects data

from the sensors when in use, and transmits the data at configurable time intervals. An
indicator light exists to show the status of the system and also to provide alerts. By

powering the sensors only when they are used (e.g., on a predetermined time rotation to

- 11 -
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obtain periodic measurements), this conserves power from the power supply. However,
it has been determined that some sensors, including but not limited to pressure sensors,
may not give reliable data immediately after being powered up and do not respond well
to being powered for only brief amounts of time. Theretfore, the system requires both
careful selection of sensors and specific configuration of the WIN to match the power up
and power down cycles with the operating requirements of each sensor.

[0059] The data collector receives signals from all the sensors, and the transmitter
sends the collected signal data to a data center, where a user can view the status of the
various parameters being measured or which retransmits the data to a local or remote
display for viewing. The data center 200 may be located locally to the data collector(s),
and may receive data via a Wi-Fi network. Alternatively, the data center may be located
remote and may receive data via a cellular network or other network. In one
embodiment, the data center includes a server and all attendant functionality. In another
embodiment, the data center may be essentially a bridge between the network of data
collectors and sensors and a WAN (e.q., the Internet). For example, the bridge could be

a Wi-Fi access point or a cellular base station.

[0060] In the depicted embodiment, the burner 10 aiso has a rotation sensor 124 on
the staging valve 48 to detect the percent staging. The rotation sensor 124 may include
but is not limited to, a Hall effect type sensor, accelerometer type sensor, a
potentiometer, optical sensor, or any other sensor that can indicate rotational position.
Additional position and angle sensors may be used to determine the position and/or
angle of the burner body 14 relative to the furnace or the burner block 12, the position
and/or angle of the lance 20 relative to the burner body 14 or the burner block 12, the

insertion depth of the lance 20, and any other angles or positions that may be relevant to

the operation of the burner 10.

[0061] For example, position sensors on the oil lance 20 can be used to detect and
verify correct insertion depth and to log the information for tracking performance. Angle
sensors on the burner 10 can be used to ensure that the burner is installed properly.
This could be for ensuring that the burner angile is the same as the mounting plate for
proper seating. In addition it is sometime desirable to install the burner at a given angle
with respect to horizontal. Other sensors such as contact sensors between the burner

and mounting plate could be used to ensure proper mounting of the burner to the
mounting plate. By using one or more such sensors (preferably at least two) the burner

- 12 .-
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can do a check on its installation to ensure that it is not ajar and is indeed in contact with
both sensors (for example, a top sensor and a bottom sensor, or a left sensor and right

sensor, or all four positions).

[0062] Additional connection ports may be located on the oil lance 20, the burner body
14, and/or the burner block 12 to enable additional external sensors or other signals to

be connected to the data collector 60 for transmission to the data center 200.

[0063] In one embodiment of the system, each burner body 14 and each oil lance 20
has a unique identifier. This is useful since oil lances can be separated from the burner
body and may be switched to different burner bodies. By incorporating a unique identifier
on the burner body and lance, the communications equipment in the instrument box,
which travels with the lance, can identify which burner body it is connected to for
historical data archiving, trend analysis, and other reasons. This identifier could be RFID,
a type of wireless transmitter, bar code, a one-wire silicon serial number, a unique

resistor, a coded identifier, or any other identifying means.

[0064] Measuring the various temperatures, pressures, and positions of the burner and
its components and feed streams and inputs from the other associated equipment
including flow control skids, separately and in combination, can provide valuable
information that enables an operator to perform preventive maintenance only when

needed and to avoid costly unexpected failures or shutdowns.

[0065] In one working embodiment, a burner is configured to collect and transmit data
from thermocouples, pressure transducers, a potentiometer used to measure a valve
rotation angle. Other sensors such as accelerometers, magnetic sensors, optical
encoders, proximity sensors, IR sensors, acoustic sensors, camera and video recording

devices, and various other known measurement devices could be used in addition to or

independently from the sensors in this working embodiment.

[0066] Fig. 1is a schematic of an exemplary system for handling the burner data, it
being understood that various alternative combinations of hardware, firmware, and
software could be configured and assembled to accomplish the same functions. One or
more burners 10 may be mounted in the furnace 70, each burner 10 having an
instrument enclosure 16 as described above. In the schematic of Fig. 1, multiple burners
10 are mounted in the furnace 70. Each instrument enclosure 16 contains a data
collector 60 for collecting and aggregating the data generated by each of the sensors on
the burner 10, and a wireless transmitter 62 for transmitting the data from the data
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collector 60, as well as other components such as a power supply. The data coilector 60
IS programmable via one or more of hardware, firmware, and software, independently or

in combination, to perform application-specific functions.

[0067] In an exemplary embodiment, the data collector 60 at each burner 10
aggregates data for that burner 10 using a highly configurable Wireless Intelligent sensor
Node (WIN). The data collector 60 powers the various sensors associated with the
burner 10, and is programmed to convert a battery voltage of between 3.2V and 6V, for
example to the correct voltage required by each sensor (e.g., 12V). The battery voltage
can be supplied by locally mounted batteries that are replaceable or that are charged by
local power generation. In one embodiment, the sensors transmit analog output signals
that are read via an analog to digital converter with a programmable gain amplifier to
take into account the output range of each sensor. [n another embodiment, the sensors
transmit digital output signals that are scaled, or that may be scaled, based on the output

range of each sensor.

[0068] The data collector 60 is also capable of reading digital sensors or indicators
such as a serial number. An internal temperature sensor allows monitoring of the
ambient temperature and thus cold junction compensation of thermocoupies. An internal
accelerometer allows the attitude of the node (and therefore what it is attached to) to be
measured. Advanced power management is used to maximize battery life. In particular,
the data collector 60 is programmed to power the sensors when measurements are to be
taken, either based on a combination of sensed conditions or on a regular schedule.

[0069] The sensor measurements are consolidated, taking into account the gain of the
amplifier taken, cold junction compensation, and any other relevant factors, and
transmitted to a data receiving/processing center 200, preferably via a wireless link. In
an exemplary empodiment, the wireless link uses the 2.4GHz ISM band and the
802.15.4 standard as its physical layer and Medium Access Control (MAC). However,
any other wireless link now known or later developed that is suitable for the operating
environment could be used. The protocol uses a star network topology. Alternative
frequencies and protocols are possible, including without limitation mesh network
topologies. The 2.4GHz band was chosen since it is a worldwide 1SM band while most
other ISM bands are country specific. The wireless link to the node is bidirectional to
allow configuration of the node over the air. The data may be encrypted prior to

transmission for security purposes. The data may be transmitted directly from the data
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collector 60 to the data center 200, or indirectly via one or more Wi-Fi repeaters
depending on the distance and signal path between the burner 10 and the data center

200.

[0070] The data center 200 is configured to receive data from the individual burners 10,
and may also be configured to provide that data to a control computer 52 (which may be
located in a control room 50 or elsewhere), and to transmit data, information, and alerts
wirelessly for local-remote and distant-remote access. Alternatively, data could be
transmitted from the data center 200 to a cloud-based server which can then serve data,
provide alerts, and perform any other computational function via the Internet or other
network. The data center 200 may be a single piece of hardware configured and
orogrammed to perform all of the necessary functions described below. Alternatively, as
in the exemplary embodiment illustrated in Fig. 2, the data center 200 may include
several components that cooperate with each other to perform the desired functions. In
the illustrated embodiment, the data center 200 includes a data receiver or gateway 82
configured to receive the data via antenna 142 from the individual data transmitters 60
and communicates the data to a server 84. |n a further alternate configuration, the

server 84 may be located remotely in the cloud.

[0071] The server 84 preferably includes a CPU, RAM, ROM, and access for
input/output devices and removal storage devices. The server 84 may be a specially
programmed general purpose computer, a customized computer, a programmable logic
control, or other combination of hardware, firmware, and software that may be
programmed to accomplish the desired functions. The server 84 may be programmed or
configured by any combination of hardware, firmware, and software, and may store data

locally, on a remote server, or in the cloud.

[0072] Further, any computing functions performed by the server 84 may be performed
by a server located either locally or in the cloud. As used herein, the “cloud” is
understood to encompass a distributed computing system designed to operate over a
network, were a computer application (including without limitation data analysis,
graphing, alarming, trending, comparison of data sets) may be performed on a remote
computer or server that is connected via a communication network to the server 84 and
the other of the components of the data center 200. The network may include one or
more of the Internet, an intranet, a local area network (LAN), and a wide area network
(WAN).
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[0073] The server 84 aggregates the data from the potentially multiple burners and is
configured to serve up the data in the form of a display format such as an Internet web
page format, or a mobile device app format (e.g., iOS or Android), or another existing or
future developed interface protocol, to local and/or remote users with appropriate
security measures that may be used to limit access to some or all of the data for

particular users or user groups.

[0074] Alternatively, as noted above, the functions of the server 84 can be performed
by a cloud-based server, either alone or in combination with a local server, wherein the
cloud-based server performs some or all of the computational functions, including but not
limited to serving data in the web page format, mobile device app format, or other format
that would enable a device to display data, alerts, historical trending, and other
information resulting directly or indirectly from processing the data. As discussed further
below, a cloud-based server would provide advantages over local servers, including
gains in efficiency and cost-effectiveness from having a more powerful cloud-based
server perform computationally intense analysis and store large amounts of historical
and comparative data and analysis that would be accessible anywhere that has network

dCCEeSS.

[0075] The server 84 may be configured to log data, as well as to pass the data
through to an Ethernet switch or router 86, or a serial device or other device for
transmitting data, which provides local data transmission and network connectivity. A
modem 88 connected to the Ethernet switch 86 transmits data remotely. In the
exemplary embodiment, the modem 88 is configured to transmit data to a cellular
network via a cellular antenna 56 and to a Wi-Fi network via a Wi-Fi antenna 54.

However, it is understood that two separate units, a celluiar modem and a Wi-Fi router,

may be separately connected to the Ethernet switch 86 in place of the modem 88.
Alternatively, Wi-Fi router may be incorporated into the Ethernet switch 86. The display
format is broadcast using one or more of wired Ethernet, Wi-FI, and cellular transmission
via the modem 88 in combination with the router 86, or alternatively via a combination
modem/router. Alternatively or in addition, the display format may be broadcast via the
Internet or other network from a cloud-based server. An uninterrupted power supply
(UPS) 89 may be provided to maintain functioning of the data center 200 in the event of
a brief loss of external power. As discussed above, external power may be supplied to
the data center 200 by a local power generation system as shown in Fig. 6.
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[0076] The computer 52 may be connected to the data center 200 either via Ethernet
wired connection or wireless connection. The computer 52 preferably includes a CPU,
RAM, ROM, a display, input/output devices, and access ports for removable storage
devices. The computer 52 may be a specially programmed general purpose computer, a
customized computer, a programmable logic control, or other combination of hardware,
firmware, and software that may be programmed to accomplish the desired functions.
The computer 52 may be used by an operator for local data viewing and/or configuration
of the server 84 and other components of the data center 200.

[0077] Alternatively, instead of having a computer and program locally, cloud
computing could be used to serve the same purpose. Cloud computing could facilitate
maintenance of the software and associated hardware at remote sites, such as at
customer facilities. Cloud computing could also enable computationally intensive live
statistical analysis of data to be performed and the analysis results incorporated into a
web application hosted on the cloud computer(s). Such computationally intense analysis
may be cost prohibitive to be performed on numerous distributed computer systems at

individual customer sites but could be very cost effective using cloud computing.

[0078] While the above example lists specific equipment and configurations, the
system can be constructed using various interchangeable or comparable methods and

equipment to accomplish the same data flow shown in Fig. 2 (described below).

[0079] Once collected, the burner data can be monitored in any of several ways. As
described above, the computer 52, in addition to or separately from the server 84, may
be configured and programmed to serve up a data in a display format, such as an
Internet web page format or mobile device app format, for users to view the current data,
data trends, download historical data (all of which can be stored on the local computer, in
the cloud, or in some other remote location), and to configure alarms, choose language
(e.g., English or Chinese or any other desired language), gather internal system status
infermation (e.g., to indicate loss of communication with a component or an internal
component failure), and perform other basic maintenance steps. All of these requests
are handled through the data center 200.

[0080] Fig. 2 is an exemplary process flow chart for a process 100 of handling data
sensed by the burners and making that data, as well as any analytical results and alerts,
accessible remotely at local-remote or distant-remote locations. As shown in step 105,

each instrumented burner 10 collects data from its various sensors. In step 110, the
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data for each burner 10 is aggregated by the data collector 60 located on or near the
burner, and in step 115, that data is transmitted from the data collector 60 via a wireless
transmitter 62 to the data center 200. Alternatively, the trans'mission may be done by a
wired transmission means, but is preferably done wirelessly via any technology available
for that purpose, whether currently existing or future-developed.

[0081] In step 120, the data is received from the various burners 10 by the data
receiver 82 in the data center 200. In step 125, the server 84 in the data center 200
aggregates the data and performs any desired analysis. For example, the server 84 may
compare present data values to alarm or alert threshold values to determine whether
alerts are desirable or required, and may also analyze combinations of sensor data
against a theoretical and experimental database to determine whether maintenance is
required or another condition exists that requires attention. Alternatively, as discussed

above, such analysis and alarm determination may be performed by a cloud computing

system.

[0082] In step 130, the aggregated data along with the results of any analysis are
transmitted to an alerting system. In step 135, a device at a near-remote location, such
as a handheld device, tablet, portable computer, or the like receives wireless signals
from the Wi-Fi antenna 54. The near-remote device can display current data and trends,
historical data and trends, and analysis results, and can provide appropriate alerts to an
operator or the like if an abnormal or undesired operational condition has been detectea.
Alternatively or sequentially or approximately simultaneously, a device at a distant-
remote location, such as a handheld device, tablet, computer, or the like receives cellular
signals, either directly or through any other wired or wireless system configured to
access the Internet. Similarly, the distant-remote device can display current data and
trends, historical data and trends, and analysis results, and can provide an appropriate
alert to an operator or the like if an abnormal or undesired operational condition has
been detected.

[0083] Various methods may be used to detect abnormal or suboptimal performance of
the one or more burners 10. Many standard control methods exist, such as control
charts, control limits, Western Electric rules, methods based on principal components or
partial least squares of “normal” data, or any other standard fault detection methods. In
addition, the data center 200 can provide comparisons between burners and set alarms
based on those comparisons. The data center 200 can also serve up the data in
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modified formats using predetermined conversions to display calculated values such as
flowrates, firing rates, viscosity estimates, burner stoichiometries, and other types of
calculated parameters. Limits used in these calculations and comparisons can be
performed via a web page or a customized application. The web page format is
preferred since it is cross platform and is thus more flexible, and also enables a user to
view data and analysis results on a multitude of devices through a simple interface
design. Common data storage and data transfer protocols in use (e.g., SQL database
and associated queries) can be used to interface with device specific applications (such
as iOS or Android apps) for a richer user interface.

[0084] |n addition to alerts related to the burner, the system can also convey
information relating to the communication status of the system, estimates about lifetime
remaining for the battery, wireless signal strength, communication errors, sensor
malfunctions, and other type of information can be transmitted from the burner and alerts
sent to users. In particular, the system may be configured to detect and provide
notification of, among other events, sensor failure (e.g., from loss of signal), battery
depletion (e.g., loss of communication with a lance), disconnection or failure of individual
cables (e.q., loss of burner ID in the data stream), loss of internet connectivity. Any or all

of such events can be displayed on a status page on the display interface.

[0085] The system can also alert users to abnormal and/or suboptimal operation. The
alerting can be done via any standard method including through the use of lights or
audible alarms in the control room, at the burner, at the flow control skid, or at any other
convenient location. In addition the webpage can be modified to indicate alarms or the
system could send out emails and/or text messages to identified users.

[0086] The presentinvention is not to be limited in scope by the specific aspects or

embodiments disclosed in the examples which are intended as illustrations of a few
aspects of the invention and any embodiments that are functionally equivalent are within
the scope of this invention. Various modifications of the invention in addition to those
shown and described herein will become apparent to those skilled in the art and are
iIntended to fall within the scope of the appended claims.
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The embodiments of the present invention for which an exclusive propenrty or privilege is

claimed are defined as follows:

1. A remote burner monitoring system comprising:

one or more burners each including integrated sensors;

at least one data collector corresponding to each of the burners for receiving and
aggregating data from the sensors of the corresponding burner, and at least one locali
transmitter corresponding to each of the data collectors for transmitting the data;

a data center configured and programmed to receive the data from the local
transmitters corresponding to the one or more burners; and

a server configured and programmed to store at least a portion of the data, to
convert the data into a display format, and to provide connectivity to enable receipt ana
transmission of data and the display format via a network including at least one of a
wired network, a c}ellular network, and a Wi-Fi network.

2. The system of claim 1, further comprising:

a computer configured and programmed to transmit and receive data to and from
the network.

3. The system of claim 1 or claim 2, wherein the data center includes one or more

of a data receiver for receiving the data, a server for storing at least a portion of the

data, and a router for providing connectivity to enable network receipt and transmission

of data.

4. The system of any one of claims 1 to 3, wherein the data collector.of each of the

burners is programmed to provide a correct voltage to each of the integrated sensors of

the burner.
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5. The system of any one of claims 1 to 4, wherein the data collector of each of the
burners is programmed to provide power to individual sensors only when data is to be
collected, based on one or both of a combination of sensed data and a periodic

schedule.

6. The systerﬁ of any one of claims 1 to 5, wherein the local transmitter
corresponding to each of the burners transmits data wirelessly, either directly to the

receiver server or indirectly via one or more Wi-Fi repeaters.

7. The system of any one of claims 1 to 6, wherein the data collector corresponding

to each burner is powered by local energy harvesting.

8. The system of any one of claims 1 to 7, wherein at least one of the burners uses
an oxidant selected from the group consisting of: air, oxygen-enriched air, industrial
grade oxygen, and combinations thereof; and wherein at least one of the burners is
configured to combust a fuel selected from the group consisting of: gaseous fuel, liquid

fuel, solid fuel, and combinations thereof.

9. The system of claim 8, wherein at least one of the burners is configured to

perform staged combustion.

10. A method of monitoring operation of one or more burners, the method
comprising:
sensing operational data at each of the burners by sensors integrated with the

burners;
locally collecting the data at each of the burners;
transmitting the collected data from each of the burners to a data center;

converting the data into a display format;
transmitting the display format via a network including at least one of a wired
network, a cellular network, and a Wi-Fi network.
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11. The method of claim 10, wherein converting the data into a display format

comprising serving up the data in one or more of an Internet web page format and a

mobile device app format.

12.  The method of claim 10 or claim 11, further comprising:

transmitting the collected data from the data center via the network to a cloud
based server:

storing the collected data in a remote data repository; and

enabling access via the network to the collected data stored in the remote data
repository.

13.  The method of any one of claims 10 to 12, further comprising:

the data center analyzing the collected data including performing statistical
analysis of the collected data corresponding to one of the burners, performing
comparative analysis of the collected data between two or more of the burners,
comparing the collected data for one or more of the burners to preset alarm setpoints

and generating alarms, and combinations thereof.

14.  The method of claim 13, further comprising:

controlling operation of the one or more burners based on the collected data and
analysis of the collected data;

wherein controlling operation includes one or more of maintaining burner
operating parameters within prescribed limits, tuning local flame characteristics, and

rapidly responding to adverse burner conditions.
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