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(57) Abstract: A method of direct on-line measurement of thickness of fouling deposits created on the tube walls in a pulver -
ized-coal firing furnace is described, as well as an apparatus suitable for implementation of the method. The method is based on ima-
ging of a light spot, generated on the deposit surface by the apparatus. A position-sensitive image detector is used to track the spot as
deposits accumulate, and the image signal is processed in real time, which allows for monitoring the creation of fouling deposits dur -
ing operation of the furnace. The system simultaneously determines the reflectivity of the deposit surface. The apparatus can be used
as part of an automatic soot blowing system.
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TITLE OF THE INVENTION:

DEVICE FOR MONITORING FOULING DEPOSITS
IN A PULVERIZED COAL FURNACE

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the priority of \U.S. Provisional Application No.
61/796,351 filed November 8, 2012 and entitled “Arrangement for Measuring
Reflectivity/Emissivity of Fouling Deposits in a Pulverized Coal Firing Furnace”.

BACKGROUND

It is well known that the problem of fouling exists while burning solid fuels,
such as pulverized coal, in industrial furnaces used in power stations. Contaminants
deposited on the water tubes inside the furnace combustion chamber significantly
reduce heat transfer in the furnace, causing a decrease in overall efficiency of the
furnace and the boiler. To avoid or reduce this effect, an intensive cleaning
procedure is required. Most presently used cleaning procedures involve use-
intensive air blowing, which is activated in a predetermined manner in different zones
of the furnace and At a predefined periodicity. Numerous attempts have been made
to optimize the process of air blowing, but all of them are based on theoretical
models of heat transfer in the furnace and not on the direct measurement of the
thickness of the growing deposit layer. Aside from this, no real data on the
reflectivity of the deposits are available; reflectivity data can provide important
information about the combustion conditions and total heat balance in the boiler.
Keeping in mind that up to 95% of heat transfer in furnaces originates in the radiation
component, strong skepticism exists with regard to modeling results which are not
based on actual reflectivity/emissivity of the furnace wall.

In order to take fouling into account in the overall balance of the boiler, it is
necessary to measure two main parameters — thickness of the deposits and their
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emissivity -- in the wavelengths of visible and infrared (IR) region. The present
inventors are aware of no patent or publication that suggests a system allowing
direct measurement of fouling thickness and also of fouling reflectivity in real time, at
a position inside an operating furnace. Several manufacturers have used heat flux
sensors for indirect estimation of fouling thermal resistance, but this approach has
substantial uncertainty, since heat flux is affected simultaneously by several
parameters, including some in addition to fouling thickness. Apart from this, the
installation of heat flux sensors is expensive and requires replacement of a part of
the wall tube and therefore needs significant maintenance efforts.

The removal of fouling deposits by air jet is referred to as “soot blowing.”
Attempts to get betier cleaning have led to improved efficiency of soot blowing; the
use of sophisticated systems and cleaning procedures is called “intelligent soot
blowing (ISB).” Existing ISB systems are based either on theoretical models of
combustion and heat transfer inside the furnace or on calibration experiments. Since
both approaches are predictive and not based on direct measurements, they cannot
reflect variable dynamic conditions as they develop in the furnace, and therefore
cannot be exploited for automatic soot blowing. To the best knowledge of the

inventors, no automatic blowing system has been proposed up to now.

SUMMARY OF THE INVENTION

The invention provides an apparatus for real-time monitoring of the
accumulation of fouling deposits inside a solid fuel firing furnace, as well as systems
and methods using the apparatus. The apparatus optically determines the thickness
of deposits as well as the reflectivity of the deposits at periodic intervals during the
operation of the furnace. The apparatus can be integrated into an automated system
for soot blowing to remove the deposits based on actual deposit formation data to
achieve optimal performance and efficiency of the furnace.

One aspect of the invention is an apparatus for measuring the thickness of
fouling deposits in a solid fuel firing furnace. The apparatus contains an optical
probe, an illumination source, first and second optical paths, an imaging device, a
standard specimen surface, a translocation mechanism, and a processor. The
optical probe illuminates an inner surface of the furnace with illuminating light and

receives a portion of the illuminating light as reflected light from the inner surface.
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The illuminating light is generated by the illumination source. The first optical path
transmits the illuminating light through the optical probe and focuses it to form an
iluminated spot on the inner surface of the furnace. The second optical path
transmits the light reflected from the spot to the imaging device, which forms an
image of the illuminated spot. The position of the spot in the image is determined by
the thickness of the fouling deposits. Comparison of the spot image coordinates to
known coordinates determined in the absence of the deposits, i.e., just after cleaning
is finished, allows determination of the deposit thickness by the processor, which
receives image data from the imaging device. The translocation mechanism is used
to reversibly move the optical probe between an extended position in which the
probe illuminates the inner surface of the furnace and a withdrawn position in which
the probe illuminates the standard specimen surface within the apparatus. The
translocation mechanism can be, for example, an electric motor or a mechanism
driven by pressurized air. The standard specimen surface has a known reflectivity,
and allows correction for any accumulation of deposits on the optical probe window,
as well as determination of the absolute reflectivity of the inner surface of the
furnace.

Another aspect of the invention is a system for automatic removal of fouling
deposits in a solid fuel fired furnace. The system includes one or more fouling
deposit measuring apparatuses as described above, one or more soot blowers, and
a computer that receives output from the apparatuses and controls the soot blowers.

Still another aspect of the invention is a system for monitoring fouling deposits
in a solid fuel fired furnace. The system includes one or more fouling deposit
measuring apparatuses as described above and a computer that receives ouiput
from the apparatuses and analyzes fouling deposit levels in the furnace. In some
embodiments, the computer also is associated with operation or control of the
furnace.

Yet another aspect of the invention is a method of analyzing fouling deposits
in a solid fuel fired furnace in real time. The method includes the following steps: (a)
providing an apparatus as described above, which is installed on a solid fuel fired
furnace; (b) moving the optical probe of the apparatus from the withdrawn to the
extended position, whereby the optical probe enters the furnace; (c) illuminating an
inner surface of the furnace using the optical probe to form a focused illuminating
spot on the inner surface; (d) recording a first image using reflected light from the
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inner surface; (e) moving the optical probe from the extended to the withdrawn
position; and (f) determining a thickness of fouling deposits on the inner surface from
a change in position of the spot between the first image and a corresponding image
recorded when the inner surface was free of fouling deposits. In certain
embodiments, the method further determines the absolute reflectivity of the inner
surface of the furnace by including the following additional steps performed after
step (e): (e1) illuminating the standard specimen surface of the apparatus using the
optical probe in the withdrawn position to form a focused illuminating spot on the
standard surface, the standard surface having a known absolute reflectivity; (e2)
recording a second image using reflected light from the standard surface; and (e3)
determining absolute reflectivity of the inner surface by comparing spot intensities in
the first image and the second image of the furnace by dividing the spot intensities in
the first image by those in the second image and multiplying the result by the
absolute reflectivity of the standard surface.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A and 1B present a flow chart of a method for automatic soot
blowing according to the invention.

Figure 2 shows a schematic cross-sectional view of an embodiment of an
apparatus for detecting fouling deposits in a solid fuel fired furnace. During
operation, the optical probe portion is pushed forward inside the furnace combustion
chamber as depicted (extended position).

Figure 3 shows a schematic cross-sectional view of the same embodiment
shown in Fig. 2, but with the optical probe pulled back and positioned outside of the
combustion chamber (withdrawn position).

Figure 4 shows a schematic cross-sectional view of an embodiment of the
optical probe portion of an apparatus for detecting fouling deposits in a solid fuel
fired furnace. In this embodiment, an arrangement of prisms forms part of the optical
pathway used in the high temperature environment of the furnace.

DETAILED DESCRIPTION OF THE INVENTION
The present inventors have developed an apparatus that makes possible the
real time monitoring of fouling deposits within a solid fuel firing furnace, such as a
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pulverized coal furnace. The apparatus uses optical methods to determine the
thickness and/or reflectivity of the deposits at selected intervals while the furnace is
operating. Use of the apparatus requires no changes to the normal operation of the
furnace. The apparatus is mounted on the outside of the combustion chamber of the
furnace, and includes an optical probe that extends into the combustion chamber
through a hole in the combustion chamber wall, takes optical measurements from an
interior surface of the combustion chamber, such as the surface of water tubes within
the wall of the combustion chamber, and then withdraws from the combustion
chamber to an externally mounted housing. Preferably, the optical probe closes off
the hole in the combustion chamber wall when in the withdrawn position. The optical
probe is designed for use within the harsh conditions of the combustion chamber.
The apparatus is preferably adapted for measuring the thickness of fouling deposits
on the water tubes of an inner wall of a furnace, in that the apparatus is installed on
a portion where its optical probe can enter through the wall near such water tubes
and its optical probe has one or more windows and other optical elements aligned so
that deposits on the nearby water tubes can be illuminated and reflected light from
the tubes can be collected. The apparatus can be used to regulate a soot blower
and to form an automated soot blowing system to remove the deposits based on
actual deposit formation data to achieve optimal performance and efficiency of the
furnace.

The apparatus uses a method that is based on the illumination of a spot on an
inner surface of a furnace subject to the accumulation of fouling deposits. Light that
is reflected off the deposits at the illuminated spot is collected by the optical probe of
the apparatus, and the reflected light is projected onto an imaging detector within the
apparatus. The illumination light path (first optical path) and imaging light path
(second optical path) are configured in such a way that a change of position of the
deposit surface, due to increased deposit thickness, results in a change of position of
the spot image at the imaging detector. By comparing the spot image location to a
calibration, the actual deposit thickness can be calculated. In a preferred
embodiment, the apparatus is calibrated in a laboratory as follows: (1) a light spot
created by the first optical path is directed onto a flat calibration surface; (2) light
reflected from the flat calibration surface is transmitted by the second optical path to
form a first spot image on the imaging device; (3) the flat calibration surface is
moved by a precisely known first length to mimic the accumulation of deposits of a
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known thickness, and steps (1) and (2) are repeated, resulting in a second spot
image, whose position differs from the position of the first spot image by a precisely
known second length; {(4) a calibration factor is determined from the first length and
the second length. During an actual measurement under furnace operating
conditions, the deposit thickness accumulated between two measurements can be
obtained by multiplying the calibration factor times the difference in spot positions
{i.e., shift in image position coordinates) between the two measuremenis. In
addition, by measuring the intensity of light incident on the deposit and the intensity
of light reflected back from the deposit, the reflectivity of the deposit surface can be
calculated, which provides further information to the furnace operator. That is, the
intensity of light, /p, reflected from the deposit is measured, as well as the intensity of
light, Is, reflected from the standard surface with known reflectivity, Rs. The
reflectivity of the deposit, Rp, can then be calculated as Rp = (/p/ls) x Rs.

An apparatus of the invention can be combined into a variety of possible
systems. One such system includes two or more apparatuses of the invention that
are installed in different locations in a single furnace. For example, up to 5, 10, 15,
20 or more apparatuses of the present invention can be used on a single furnace.
The results obtained from the apparatuses installed on a single furnace can be fed to
a single processor or computer for analysis of heat transfer in different zones of the
furnace. Alternatively, the output of the apparatuses can be displayed in a control
room where the operation of the furnace is regulated. Another system includes one
or more, or two or more, apparatuses of the invention whose output is sent to a
processor or computer that in turn controls the operation of one or more soot blowers
within the same furnace.

Using the present invention, measurement results can be transferred in real
time to the control room of a power station, from which soot blowers are either
activated or shut down. When the growing thickness of deposits achieves a
predefined value, the blower near the point of measurement is activated, and creates
an air jet (or in some embodiments a water stream or jet) that cleans the water tube
wall inside the furnace. At the beginning of a blower activation cycle, a signal is
transferred to the processing unit of the apparatus, which stops the measuring cycle
and prevents possible damage to the apparatus. After several minutes, at the end of
the cleaning cycle, the blower is commanded to cease operation, and another signal
is transferred from the control room to the processing unit of the apparatus. In
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response, the position of the reflected light spot on the imaging device is again
measured, and the position is set to correspond to zero measured thickness. A new
measurement cycle then begins. Using this method, soot blowers can be
automatically activated when cleaning is really needed, instead of being activated
according to an artificially predefined program. The flow chart shown in Fig.1
illustrates an embodiment of this process.

The present method can be implemented in an electro-optical apparatus such
as that further described below and depicted schematically in Figs. 2-4. Referring
now to Fig. 2, optical components of the apparatus are located in optical probe 1
which moves on slide 2 positioned in housing 3. The housing is connected to the
walls of a furnace, but is located outside of the firing chamber where the fuel is burnt.
Movement of optical probe 1 into and out of the furnace enables the illumination of
either point A on the tube wall (i.e., with the optical probe in the extended position) or
point B on standard specimen 14 (i.e., with the optical probe in the withdrawn
position). Movement of the optical probe back into the furnace for another
measurement is carried out periodically, at a rate compatible with the rate of
generation of fouling deposits.

The apparatus depicted in Fig. 2 includes monochromatic light source 4. The
light source can be a laser diode or LED or any other suitable monochromatic light
source. The light source produces light in the visible and/or infrared range,
preferably in the range from 0.6 to 3 microns in wavelength. The light beam
originating from the light source is focused by lens 5 and concave mirror 6 onto the
surface of the fouling deposits on tube wall 8. When the tube is clean, the focused
light spot is created at point A. On the other hand, when deposits are present, the
illuminated spot moves to a new point determined by deposit surface 9. A portion of
the light scattered (reflected) by surface 9 is collected by the optics of the apparatus
and is directed by beam splitter 10 and mirror 11 onto imaging detector 12. The
imaging detector can be, for example, a CCD camera or any other image position
sensor, and it is interfaced to processing unit 13. Image data from the imaging
detector are transferred to the processing unit for analysis, including determination of
the spot position coordinates. The spot image position can be represented, for
example, by coordinates of a median, calculated according to a known standard
algorithm operated on the 2D array of light intensity inside the spot image, or by any
other representative point of the spot image.
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Detector 12 is covered by a narrow band pass filter 12a which allows the
wavelength emitted by monochromatic light source 4 to pass while filtering out other
wavelengths. Standard commercially available interference filters configured as
band pass filters having Full Width at Half Maximum (FWHM) of 7-10nm can be
used for this purpose. Such a band pass filter has a high transmission for the
specific wavelength of illumination and strongly blocks radiation of other wavelengths
existing in the furnace environment and reflected by the fouling deposit surface in a
diffusive manner, i.e., in all directions including in the direction of window 7. In such
a way electromagnetic radiation reaching detector 12 mainly originates from the light
source of the apparatus and not from the intense thermal radiation present in the
furnace.

During typical operation of a pulverized coal-fired furnace, fouling can be
deposited not only on the wall tubes, but also on the surface of window 7 of the
apparatus of the invention. As a result, transparency of the window may decrease
significantly during operation, which causes a bias of the detector reading and leads
to errors in reflectivity measurements. To avoid such errors, window 7 preferably
remains in the optical path of the light beam when the standard specimen is
iluminated (see Fig.3), and reflected light is measured from the standard each time
reflected light is measured from fouling deposits. In this way, the change of window
transparency influences both measured values to the same extent and therefore
does not affect the relative reflectivity. Preferably, the apparatus window can be
cleaned during planned periodic maintenance of the furnace.

Furthermore, the surface of the fouling deposits and the surface of the
specimen are diffusive and therefore scatter the reflected light in all direction, not
only in the direction of the window 7. The absolute reflectivity of each of two surfaces
depends on the angle of incidence and the angle of light collection. Due to the
geometry of the suggested arrangement, the direction of the incident beam and that
of the collected beam remain the same in both positions of optical probe 1, when
reflection of the deposit and reflection of the specimen are measured. However, the
angle of incidence is different in these two measurements because the orientation of
the tube surface and the orientation of specimen surface with regard to the incident
beam are different. To take this into account, the absolute reflectivity of specimen 14
is measured in advance, under laboratory conditions, and at the correct angular
position dictated by the geometry of the arrangement optics. This absolute
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reflectivity value for the standard specimen is used when the system processor
calculates the reflectivity of the fouling deposits.

For better separation of radiation originating in the measurement apparatus
from thermal radiation existing in the furnace, light source 4 can be modulated. For
example, the light source can be modulated by an alternating current (AC) at a
selected frequency, such as a frequency in the range from about 1 kHz to about 10
kHz. The same frequency should be detected at the output of detector 12, and its
AC intensity can be measured in the reflected radiation, thereby reducing or
eliminating the signal from extraneous radiation reaching the detector.

The apparatus of the invention is intended to be operated within the high
temperature environment of an operating furnace. Therefore, the optical probe and
its internal components preferably should have no optical coatings or adhesive
materials that could degrade in such an environment. In order to accomplish this, a
configuration of optical components based on total internal reflection, and lacking
upper mirrors such as mirror 6 in Figs. 2 and 3, can be used. An embodiment having
an architecture that uses total reflection is shown in Fig. 4. In this embodiment,
prisms 20 and 21, which can be made of fused silica or ruby, for example, are used
to capture incident radiation and direct it into the optical path towards the image
detector. A similar configuration of prisms can be exploited in the optical path of
reflected light within the apparatus, below the optical probe.

A soot deposit measuring apparatus of the present invention can be used to
carry out several methods associated with analysis of deposits in an operational
solid fuel fired furnace and/or controlling the operation of such a furnace. One such
method analyzes fouling deposits in a solid fuel fired furnace in real time. An
apparatus according to the invention is installed on a solid fuel fired furnace, so that
its optical probe can move in and out through a side wall of the furnace, between
withdrawn and extended positions. When the optical probe enters the furnace, it
iluminates an inner surface (e.g., the inner surface of the wall penetrated by the
optical probe) and forms a focused illuminating spot on the inner surface. A first
image of the illuminated spot is then recorded using reflected light from the inner
surface. The optical probe is then moved from the extended position to the
withdrawn position. The thickness of fouling deposits on the inner surface is then
determined (i.e., calculated) from a change in position of the spot between the first

image and a corresponding image recorded when the inner surface was free of
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fouling deposits, such as just after the last cleaning cycle using soot blowers, or after
periodic maintenance and cleaning of the furnace. Optionally, the method can be
repeated at selected time intervals during the operation of the furnace, whereupon
the accumulation of deposits is monitored over time.

In some embodiments of the method of measuring or analyzing soot deposits,
a cleaning cycle is activated to remove fouling deposits within the furnace using a
soot blower upon reaching a preselected deposit thickness or distribution within the
furnace. For example, data can be obtained from two or more apparatuses installed
on the same furnace, and the data can be analyzed to determine when and/or where
a cleaning cycle within the furnace is activated and soot blowers are turned on and
off. The apparatus can itself turn soot blowers on and off based on measured
deposit thickness, or data provided by the apparatus to a computer can be used io
activate a soot blower cleaning cycle using the computer. After a cleaning cycle has
been completed, it is preferred that the apparatus immediately take a new
measurement (i.e., obfain an image of the inner wall) to serve as a baseline for
comparison to later measurements, and to set a “zero” or baseline thickness level
(i.e., spot image position in the imaging device) used to calculate deposit thickness
at later times and as soot deposits build up on the inner wall.

As the apparatus of the current invention can be readily installed on a furnace
that operates in an electrical power generating station, the apparatus processor
and/or its data output can be connected to a soot blower control room or other
control center of the power station. The use of the apparatus is preferred for power
station furnaces fired by pulverized coal. An advantage of the apparatus is that its
operation can be carried out while the furnace is operating and burning fuel and
when the power station is on line.

In some embodiments of the method of analyzing deposits within a furnace
using an apparatus of the invention, the method includes additional steps to
determine the reflectivity of an inner surface of the furnace. In order to measure the
reflectivity, a standard specimen surface within the apparatus is illuminated using the
optical probe in the withdrawn position. A focused illuminating spot is formed on the
standard surface, which has a known absolute reflectivity. A second image is
recorded using reflected light from the standard surface. The intensity of light in the
second image is compared to the intensity of light in the earlier determined first
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image of the inner wall of the furnace. By comparison of the intensities from the first
and second images, the absolute reflectivity of the inner surface is determined.

As used herein, "consisting essentially of" does not exclude materials or steps
that do not materially affect the basic and novel characteristics of the claim. Any
recitation herein of the term "comprising", particularly in a description of components
of a composition or in a description of elements of a device, can be exchanged with
"consisting essentially of" or "consisting of".

While the present invention has been described in conjunction with certain
preferred embodiments, one of ordinary skill, after reading the foregoing
specification, will be able to effect various changes, substitutions of equivalents, and
other alterations to the compositions and methods set forth herein.

11
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CLAIMS

What is claimed is:

1. An apparatus for measuring the thickness of fouling deposits in a solid fuel firing
furnace, the apparatus comprising:

an optical probe that illuminates an inner surface of the furnace with illuminating
light and receives a portion of the illuminating light as reflected light from the inner
surface;

an illumination source that generates the illuminating light;

a first optical path that transmits the illuminating light through the optical probe
and focuses it to form an illuminated spot on the inner surface;

an imaging device;

a second optical path that transmits the reflected light through the optical probe
to the imaging device, the imaging device forming an image of the illuminated spot,
wherein the position of the spot in the image is determined by the thickness of the
fouling deposits;

a standard specimen surface having a known reflectivity;

a translocation mechanism for reversibly moving the optical probe between an
extended position in which the probe illuminates the inner surface of the furnace and a
withdrawn position in which the probe illuminates the standard specimen surface; and

a processor that receives image data from the imaging device and determines

the thickness of the fouling deposits based on the position of the spot in the image.

2. The apparatus of claim 1, wherein the optical probe comprises a window through
which said illuminating light and said reflected light are transmitted.

3. The apparatus of claim 1, wherein the imaging device is a CCD camera or an
array of photodiodes.
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4. The apparatus of claim 1, wherein the illumination source outputs monochromatic
light.

5. The apparatus of claim 4, wherein the illumination source is a laser diode.

6. The apparatus of claim 5, wherein the laser diode is driven by an alternating
current.

7. The apparatus of claim 6, wherein the alternating current has a frequency in the

range from about 1 kHz to about 10 kHz.

8. The apparatus of claim 1, wherein the illuminating light has a wavelength in the

range from about 0.6 um to about 3 um.

9. The apparatus of claim 1, wherein the optical probe in the extended position is at
least partially disposed within a combustion chamber of the furnace, and the illumination
source, imaging device, standard specimen, and processor are disposed outside the

combustion chamber.

10.  The apparatus of claim 9, wherein the optical probe in the withdrawn position is

disposed at least partially outside the combustion chamber.

11.  The apparatus of claim 1, wherein the illumination source, imaging device,
standard specimen, and processor are disposed within a housing mounted on an outer

surface of the furnace.

12.  The apparatus of claim 11, wherein the housing is mounted outside a combustion
chamber of the furnace and the optical probe travels into and out of the combustion
chamber through a hole in a wall of the combustion chamber as it moves between said

extended position and said withdrawn position.
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13.  The apparatus of claim 12, wherein an upper surface of the optical probe closes
the hole in the combustion chamber wall when the optical probe is in the withdrawn

position.

14.  The apparatus of claim 1, wherein the translocation mechanism is driven by an

electric motor or pressurized air.

15.  The apparatus of claim 1, wherein said one or more optical elements are
disposed (i) within the optical probe or (ii) outside the optical probe but within a housing

mounted on an outer surface of the furnace, or both.

16.  The apparatus of claim 1 comprising one or more optical elements that are free

of optical coatings and/or adhesives.

17.  The apparatus of claim 1 comprising one or more optical elements having total

internal reflection.

18.  The apparatus of claim 1, wherein the illuminating light is monochromatic.

19.  The apparatus of claim 18, further comprising a bandpass filter that transmits the
wavelength of the monochromatic illuminating light, the filter mounted in the second

optical path prior to the imaging device.

20. The apparatus of claim 1 that measures reflectivity of the inner surface.

21.  The apparatus of claim 20, wherein absolute reflectivity is determined from an
intensity of light reflected from the inner surface, an intensity of light reflected from the
standard specimen surface, and the absolute reflectivity of the standard specimen

surface.

22.  The apparatus of claim 1, wherein the solid fuel is pulverized coal.
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23.  The apparatus of claim 1 that automatically activates and deactivates a soot
blower within the furnace based on measured thickness of the fouling deposits.

24.  The apparatus of claim 1 that measures the thickness of the fouling deposits in

real time while the furnace is fired.

25. The apparatus of claim 1 that measures the reflectivity of the fouling deposits in

real time while the furnace is fired.

26. The apparatus of claim 1 that measures both the thickness and reflectivity of the
fouling deposits in real time while the furnace is fired.

27.  The apparatus of claim 1 adapted for measuring the thickness of fouling deposits

on an inner wall containing water tubes.

28.  The apparatus of claim 27, wherein thickness of fouling deposits on the water

tubes is measured.

29. The apparatus of claim 1 that is pre-calibrated using a reflective surface at two
controlled locations representing a known thickness of fouling deposits, and the known
thickness is correlated with a shift in position coordinates of images of an illuminated
spot recorded on the imaging device, the images corresponding to said controlled

locations.

30. A system for automatic removal of fouling deposits in a solid fuel fired furnace,
the system comprising:

one or more fouling deposit measuring apparatuses of claim 1;

one or more soot blowers; and

a computer that receives output from the apparatuses and controls the soot

blowers.
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31.  The system of claim 30, wherein the computer is associated with control of the

furnace.

32. A system for monitoring fouling deposits in a solid fuel fired furnace, the system
comprising:

one or more fouling deposit measuring apparatuses of claim 1; and

a computer that receives output from the apparatuses and analyzes fouling
deposit levels in the furnace.

33. A method of analyzing fouling deposits in a solid fuel fired furnace in real time,
the method comprising the steps of:

(a) providing the apparatus of claim 1 which is installed on a solid fuel fired
furnace;

(b) moving the optical probe of the apparatus from the withdrawn to the
extended position, whereby the optical probe enters the furnace;

(c) illuminating an inner surface of the furnace using the optical probe to form a
focused illuminating spot on the inner surface;

(d) recording a first image using reflected light from the inner surface;

(e) moving the optical probe from the extended to the withdrawn position; and

(f) determining a thickness of fouling deposits on the inner surface from a
change in position of the spot between the first image and a corresponding image
recorded when the inner surface was free of fouling deposits.

34. The method of claim 33, further comprising repeating steps (b) through (i) at
selected time intervals during the operation of the furnace.

35.  The method of claim 33, further comprising:

(g) activating a cleaning cycle to remove fouling deposits within the furnace

using a soot blower.
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36. The method of claim 35, wherein data obtained from two or more apparatuses of
claim 1 installed on the same furnace are analyzed to determine when and/or where a

cleaning cycle within the furnace is activated and soot blowers are turned on and off.

37. The method of claim 35, wherein the soot blower is turned on and off.

38. The method of claim 35, wherein a new measurement cycle comprising steps (b)
through (f) is started after the soot blower is turned off in order to establish a new

baseline for a subsequent cycle of analyzing fouling deposits.

39. The method of claim 35, wherein the furnace operates in a power generating
station.

40. The method of claim 39, wherein fouling deposit thickness and/or inner surface
reflectivity data are transmitted to a soot blower control room of the power station.

41.  The method of claim 33, wherein the furnace is fired by pulverized coal.

42. The method of claim 33, wherein steps (b) through (f) are performed while the

furnace is operating and burning fuel.

43. The method of claim 33, wherein the method further comprises the steps of:

(e1) illuminating the standard specimen surface of the apparatus using the
optical probe in the withdrawn position to form a focused illuminating spot on the
standard surface, the standard surface having a known absolute reflectivity;

(e2) recording a second image using reflected light from the standard surface;
and

(e3) determining absolute reflectivity of the inner surface by comparing spot

intensities in the first image and the second image.
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Comparing of the spot current location coordinate, x;, with
coordinate xg (initial coordinate of the spot after cleaning,
when the blower was transferred from ON to OFF ) results in
the fouling current thickness. Calculated Ratio | /I, defines
the fouling surface reflectivity

l

Transferring to the blower control room of the power station
the current resulits of fouling thickness and reflectivity

'

Blower control room of the power station

I

~ Blower ON/OFF (signal to the system processor)

'
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