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(57) ABSTRACT 
Removal of combustion deposits from a fossil fuel boiler 
surface is optimized by using a sootbloWer to direct a 
cleaning medium in accordance With adjustable operating 
parameters against a surface of the boiler to remove accu 
mulated deposits. Following the sootbloWing operation, a 
parameter indicative of the extent of deposits remaining on 
the surface is measured to determine the efficiency of the 
sootbloWing operation With the operating parameters used. 
If deposit removal is inadequate, at least one of the soot 
bloWer operating parameters is adjusted to increase its 
aggressiveness. If deposit removal is acceptable, at least one 
of the sootbloWer operating parameters in adjusted to 
decrease its aggressiveness, thereby reducing operating 
costs and/or the risk of damage to boiler surfaces. Additional 
steps of periodically measuring deposit accumulation and 
initiating a subsequent sootbloWing operation When the 
deposit accumulation reaches a predetermined level can be 
included. 
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SOOTBLOWING OPTIMIZATION SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] (1) Field of the Invention 

[0002] The present invention relates generally to a method 
and apparatus for removing combustion deposits from the 
surfaces of fossil fuel boilers, and in particular to a method 
and system to optimiZe sootbloWer operating parameters by 
measuring the effects of sootbloWing operations, and adjust 
ing the sootbloWer operating parameters used in subsequent 
sootbloWing operations based upon the effects measured. 

[0003] (2) Description of the Prior Art 

[0004] The combustion of coal and other fossil fuels 
during the production of steam or poWer produces combus 
tion deposits, i.e., slag, ash and/or soot, that accumulates on 
the surfaces in the boiler, decreasing boiler efficiency by 
reducing heat transfer. These deposits are periodically 
removed by directing a cleaning medium, e.g., air, steam, 
Water or mixtures thereof, against the surfaces upon Which 
the deposits accumulate With cleaning devices knoWn gen 
erally in the art as sootbloWers. 

[0005] To completely eliminate the negative effects of 
combustion deposits on boiler e?iciency, the boiler surfaces, 
and in particular the heat transfer tubes, Would need to be 
essentially free of deposits at all times. HoWever, the con 
tinuous cleaning that Would be required to maintain this 
cleanliness Would be prohibitively eXpensive. In addition, 
injection of the cleaning medium into the boiler reduces 
boiler e?iciency and prematurely damages heat transfer 
surfaces if over cleaned. Boiler surfaces, and in particular 
heat transfer tubes, can also be damaged as a result of 
erosion by high velocity air or steam jets and/or thermal 
impact occurring by impinging a jet of relatively cool 
cleaning medium, especially air or liquid, onto a hot, clean 
surface. Therefore, it is equally important that these surfaces 
are not unnecessarily cleaned. 

[0006] SootbloWers are normally operated on a time 
schedule based on past experience, or on measured boiler 
conditions, in particular the reduction of heat transfer by the 
heat transfer tubes. Boiler conditions may be determined by 
visual observation, by measuring boiler parameters, or by 
the use of sensors on the boiler surfaces to measure condi 
tions indicative of the level of ash accumulation, e.g., heat 
transfer rate degradation. Numerous methods and apparatus 
have been described in the prior art for measuring boiler 
conditions, or for determining the optimum timing of soot 
bloWing operations. Representative patents are: 

U.S. Pat. No. Inventor(s) 

4,408,568 Wynnyckyj et al. 
4,454,840 DZiubakoWski 
4,466,383 Klatt et al. 
4,475,482 Moss et al. 
4,488,516 Bueters et al. 
4,552,098 Wynnyckyj et al. 
4,718,376 Leroueil et al. 
4,722,610 Levert et al. 
4,996,951 Archer et al. 
5,181,482 Labbe et al. 

[0007] The cost of operation of fossil fueled boilers is 
highly dependent upon optimiZing the boiler’s heat transfer 
e?iciency, While minimiZing the cost required to operate 
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sootbloWers. Control of the timing of sootbloWer operations 
is highly important in operating boilers in a e?icient manner. 
HoWever, there is a continuing need for further re?nements 
in the control of boiler operations, and in particular soot 
bloWing, that Would further improve e?iciencies, and result 
ant operating costs. 

SUMMARY OF THE INVENTION 

[0008] The present invention is directed to a method and 
apparatus for improving the operational efficiencies of fossil 
fueled boilers. The invention relates especially to a method 
and system for adjusting one or more sootbloWing operating 
parameters based upon the effectiveness of the immediately 
preceding sootbloWing operation. The method and system 
may additionally include steps and apparatus to control the 
timing of sootbloWing operations. 

[0009] The method and system described in detail herein 
provides for the control of the operating frequency or timing 
of sootbloWing operations. HoWever, unlike prior art meth 
ods and apparatus, the present invention additionally pro 
vides for the control of the operating parameters of soot 
bloWers or other devices used to clean deposits from boiler 
surfaces. 

[0010] The term sootbloWer or sootbloWing “operating 
parameters” as used herein means the adjustable factors 
controlling the manner in Which a sootbloWer directs a ?uid 
against a surface, including jet progression rate, rotational 
speed, spray pattern, ?uid velocity, media cleaning pattern, 
and ?uid pressure. Each of these “operating parameters” 
may be adjusted to increase or reduce its contribution to the 
effectiveness of the cleaning ?uid on the surface, this 
contribution to the medium effectiveness is referred to 
herein as the “aggressiveness” of the parameter. That is, 
increasing the “aggressiveness” of a parameter Will contrib 
ute to the increased effectiveness of the cleaning medium in 
a subsequent operation, While decreasing the aggressiveness 
Will have the opposite effect. 

[0011] The present system, like some systems described in 
the prior art, includes a plurality of sensors to monitor the 
eXtent of combustion deposits on boiler surfaces, and one or 
more sootbloWers to direct a cleaning medium against the 
surface or surfaces being monitored. HoWever, the present 
invention differs in at least tWo major respects 

[0012] First, prior art sensors have been used to measure 
the eXtent of deposits as the deposits accumulate on a boiler 
surface, and activate a sootbloWing operation When the 
deposits accumulate to a predetermined eXtent. In the 
present invention, sensors may be used for this purpose, but 
are additionally and primarily used to measure the amount of 
deposits remaining immediately after a sootbloWing opera 
tion as a means to evaluate the e?iciency of the sootbloWing 
operations. 

[0013] Second, data acquired by prior art sensors has been 
used only to determine the time of sootbloWing operations. 
While sensor data may be used for this purpose in the 
present invention, the sensor data is used primarily used to 
adjust the sootbloWing operating parameters used during the 
neXt sootbloWing operation. 

[0014] More speci?cally, the present system is comprised 
of at least one sensor on a boiler surface and at least one 
sootbloWer positioned to direct a cleaning ?uid against the 
boiler surface near the sensor location. In addition, the 
present system includes a processor in communication With 
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the sensor and a sootbloWer controller for receiving data 
from the sensor and adjusting the operating parameters of 
the sootbloWer based upon the data received from the sensor. 

[0015] In most boilers, a plurality of sensors and soot 
bloWers Will be used With one or more sensors being present 
on a surface to be cleaned by a given sootbloWer. For the 
sake of simplicity and ease of description, the present 
invention Will often be described in terms of a single sensor 
and a single sootbloWer. It should be understood, hoWever, 
that the invention also contemplates a plurality of sensors 
and sootbloWers. 

[0016] In the practice of the method of the invention, the 
operating parameters, e.g., the jet progression, jet pattern, 
lance rotational speed, ?uid velocity and ?uid pressure 
parameters, of a given sootbloWer are initially set at levels 
based on past operations or experience. The sootbloWer is 
then operated to clean a given surface When timing, operator 
observation, or monitored conditions indicate that deposits 
have accumulated in an amount requiring cleaning of the 
surface. 

[0017] Immediately after the sootbloWing operation, the 
sensor is used to measure the heat transfer improvement 
resulting from the cleaning operation, and thereby the effec 
tiveness of the immediately preceding operation in cleaning 
the surface. The acquired data is fed back to a central 
processor, Where the data is compared against a desired 
cleanliness standard that is stored in the processor. 

[0018] If the comparison indicates that the surface has 
been cleaned to less than the desired standard, the processor 
transmits a signal to the sootbloWer controller to adjust at 
least one of the operating parameters to provide more 
aggressive cleaning. On the other hand, if the cleaning 
standard has been achieved or exceeded, the processor 
transmits a signal to the controller to reduce the aggressive 
ness of at least one of the operating parameters during the 
next sootbloWing operation. 

[0019] For example, the processor can be programmed 
With a plurality of spray patterns. Depending upon the 
measured conditions, the processor can then instruct the 
controller to select one of the spray patterns. It Will be 
understood that the processor and/or controller used for this 
purpose may be part of, or separate from, other processing 
or controller components, or the sootbloWer. 

[0020] This sequence is repeated at the end of each 
sootbloWing operation to maintain the required level of heat 
transfer surface cleanliness for the current boiler operating 
conditions that result from operating load and fuel quality. 
This set of conditions is constantly changing so a prescrip 
tive approach is inadequate. The optimum operating param 
eters Will vary depending upon the construction of a given 
boiler, and upon the conditions under Which the given boiler 
is operated. These boiler operation conditions include such 
factors as fuel/air mixtures, feed rates, the type of fuel used, 
etc. 

[0021] In order to minimiZe the difference betWeen the 
initial operating parameters used at the beginning of a boiler 
operation, and the optimum operating parameters, the 
present invention also contemplates storage of a database of 
historical boiler operating conditions and their optimum 
operations parameters. This database can then be used to 
determine initial operating conditions likely to approximate 
optimum operating conditions. 
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[0022] That is, the operator either enters the boiler oper 
ating conditions or these conditions are automatically deter 
mined by the processor directly receiving plant operating 
condition data prevailing at the time of the operation to be 
initiated. These boiler operating conditions are compared 
against a database of historic boiler operating conditions to 
?nd the closest match. The optimum operating parameters 
for the closest match are then used as the initial operating 
conditions for the neW operation. As a result, the need to 
increase or reduce the aggressiveness of the sootbloWer 
parameters is minimiZed, thereby further improving operat 
ing ef?ciencies. 

[0023] Instead of individually adjusting one or more oper 
ating parameters, the present invention also contemplates 
the use of measured conditions to select one of a set of 
operating parameters from a plurality of operating parameter 
sets. For example, a sootbloWer can be programmed With a 
plurality of sets of operating conditions. The processor can 
then be programmed to select one set of conditions from this 
plurality of sets in response to the results measured. For 
example, a ?rst set may be comprised of ?rst parameters for 
the cleaning pattern, ?uid velocities, and progression rates, 
and a second set may be comprised of different parameters 
for these conditions. The processor can then select the ?rst 
or second, or other set depending upon the conditions 
measured. 

[0024] The timing of sootbloWing operations in the 
present method can be based upon one or more techniques 
used in the prior art. That is, the timing can be based upon 
a predetermined time sequence, upon operator observation 
of conditions, or upon the use of sensors to measure param 
eters indicative of the amount or extent of deposit accumu 
lation. The sensors of the present invention may be addi 
tionally used for this latter purpose. 

[0025] That is, the present sensors are ?rst used to measure 
a parameter indicative of the amount of residual deposits. 
These measurements are then used to calculate the quantity 
of residual deposits immediately after a sootbloWing opera 
tion, and thereby acquire data for use in adjusting operating 
parameters. The same or other sensors are then used to 
periodically measure a variable indicative of the level of 
deposit accumulation and transmit collected data to the 
processor, Where the data is compared With stored informa 
tion indicating When a sootbloWing operation should be 
initiated. When the data comparison indicates that sootbloW 
ing is required, the processor transmits a signal to the 
sootbloWer controller to begin a sootbloWing operation. At 
the end of the sootbloWing operation, the sensors are again 
used to determine residual deposit amounts and thereby the 
ef?ciency of the just completed sootbloWing operation. 

[0026] Instead of using a single sensor to perform both of 
the data acquisition functions, it Will be obvious to one 
skilled in the art that separate sensors of the same or different 
construction, may be used. That is, one sensor can acquire 
data relating to deposit residues, and a second sensor can be 
used to acquire data relating to deposit accumulations 
betWeen sootbloWing operations. Both sensors may be in 
communication With the same processor, and through the 
processor to a given sootbloWer. 

[0027] Various sensors previously described in the prior 
art for monitoring deposit accumulation on the surfaces of 
fossil fuel boilers may be used in the practice of the present 
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invention. Preferably, the sensors measure changes in heat 
?ux. An example of these sensors are manufactured by 
Boiler Management Systems, Sheffield, England, and dis 
tributed by Applied Synergistics, Inc., Lynchburg, Va. These 
sensors have been used prior to the present invention only to 
determine deposit accumulation in relation to the timing of 
sootbloWing operations. 
[0028] Various sootbloWers and other cleaning devices 
described in the prior art for use in removing deposit 
accumulations from the surfaces of fossil fuel boilers can be 
used in the present invention. A preferred sootbloWer is the 
WLB 30 Water cannon manufactured by Clyde Bergemann, 
Atlanta, Ga. Another sootbloWer particularly suited for use 
in the present invention is the Precision Clean sootbloWer 
manufactured by Diamond PoWer Specialty Company, NeW 
Orleans, La. HoWever, the invention is also useful With 
standard sootbloWers offered by these and other companies. 

[0029] The processor used in the invention is a computer 
With data storage capacity and softWare Written to perform 
the manipulations and calculations described herein. The 
eXact softWare program is not a critical feature of the 
invention, and One skilled in the art Will be able to Write 
various programs to perform these functions upon being 
advised of the desirability of the various steps involved. The 
processor may also include a monitor, data storage devices, 
and other components common to information processors. 
An operator station or console With a keyboard for input to 
the processor and/or controller may also be included. A 
printer may also be provided for printing of hard copies of 
data. The monitor or monitors, the processor, the controller, 
the operator station, the printer, and the sootbloWer or 
sootbloWers are in communication With each other through 
hard Wiring, or other connectors knoWn to one skilled in the 
art. 

[0030] Accordingly, one aspect of the present invention is 
to provide a system for optimiZing the removal of combus 
tion deposits from a fossil fuel boiler surface comprising a 
sootbloWer to direct a cleaning medium against the surface 
using adjustable operating parameters; a sensor to determine 
the eXtent of residual deposits; a processor to compare 
measured data against a desired standard for cleanliness, and 
a sootbloWer controller to adjust at least one of the soot 
bloWer operating parameters. 

[0031] Another aspect of the present invention is to pro 
vide a fossil fuel boiler including the above system. 

[0032] Still another aspect of the present invention is to 
provide a method for optimiZing the removal of combustion 
deposits from a fossil fuel boiler surface comprising the 
steps of directing a cleaning medium in accordance With 
adjustable operating parameters against a boiler surface to 
remove combustion deposits; acquiring data relating to 
residual deposits on the surface; comparing acquired data 
against a predetermined standard indicating a level of 
acceptable cleaning; and adjusting at least one of the oper 
ating parameters based upon the results of the comparison. 

[0033] These and other aspects of the present invention 
Will become apparent to those skilled in the art after a 
reading of the folloWing description of the preferred 
embodiment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] FIG. 1 is a schematic illustration of a fossil fuel 
boiler With sootbloWers and sensors connected in accor 
dance With the present invention. 

Jan. 10, 2002 

[0035] FIG. 2 is a block diagram of the steps of the present 
method. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0036] In the folloWing description, terms such as hori 
Zontal, upright, vertical, above, beloW, beneath, and the like, 
are used solely for the purpose of clarity in illustrating the 
invention, and should not be taken as Words of limitation. 
The draWings are for the purpose of illustrating the invention 
and are not intended to be to scale. 

[0037] As illustrated in FIG. 1, combustion deposits are 
cleaned from the surfaces of a fossil fueled boiler, generally 
10, by positioning a plurality of sootbloWers 14 in position 
to direct a cleaning medium against the surfaces. Aplurality 
of sensors 12 may also be positioned adjacent to surfaces to 
be cleaned to measure conditions indicative of cleanliness, 
effectiveness, and/or state of cleanliness. It Will be under 
stood that FIG. 1 is for the purposes of illustration only, and 
that the eXact location of sootbloWers 14 and sensors 12 Will 
depend upon the design of the boiler and the type of 
sootbloWers to be used. Generally, sootbloWers 14 Will be 
positioned to direct a cleaning medium against the surface 
Where one or more sensors 12 are positioned. 

[0038] Data indicative of combustion deposit accumula 
tion is transmitted to processor 16 by sensors 12, Which are 
preferably heat ?ux sensors. Data acquired immediately 
after a sootbloWing operation is used to determine if a 
desired level of cleaning Was achieved by the immediately 
preceding sootbloWing operation. If not, processor 16 
instructs sootbloWer controller 18 to increase the aggres 
siveness of at least one of the sootbloWer operating param 
eters. 

[0039] If a desired level of cleaning has been achieved, 
processor 16 instructs sootbloWer controller 18 to decrease 
the aggressiveness of at least one of the sootbloWer operat 
ing parameters. Depending on the instructions received, 
controller 18, transmits appropriate instructions to the rel 
evant sootbloWer 14. This procedure is repeated at the end 
of each sootbloWing operation for each of sootbloWers 14. 

[0040] Processor 16 also stores data relating to boiler 
conditions and developed optimum operating conditions 
relating to each set of boiler conditions. This data can be 
accessed via an operator station 20 that is also in commu 
nication With controller 18 to adjust the initial operating 
parameters for sootbloWers 14, based upon the optimum 
operating parameters determined for past comparable boiler 
conditions. Operator station 20 can also be used to manually 
override or program processor 16. The system may also 
include a monitor 22 for visual observation of boiler con 
ditions, sootbloWer operating parameters, deposit accumu 
lation data, etc. Aprinter 24 can also be included to provide 
hardcopies of data. 
[0041] Processor 16 may also store a plurality of sets of 
sootbloWer operating conditions. In this case, processor 16 
selects a given set from the plurality of sets depending upon 
the conditions transmitted from sensors 12. 

[0042] The operation of the method is also shoWn in the 
block diagram of FIG. 2, beginning With the initiation of a 
sootbloWing operation. Immediately after a given sootbloW 
ing, residual deposit data is collected and compared, using 
appropriate softWare, With stored standards de?ning the 
desired level of cleanliness or acceptable amount of residual 
deposits. SootbloWer operating parameters may then be 
adjusted based upon the results for use in the neXt sootbloW 
ing operation. 
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[0043] As shown in the diagram, data indicative of deposit 
accumulation can also be collected periodically after a 
sootbloWing operation and compared against a predeter 
mined standard indicating the level at Which a subsequent 
sootbloWing is Warranted. The processor can then instruct 
the sootbloWer controller to begin another operation. It Will 
be understood that this data can be collected by the same 
sensors as are used to collect data relating to residual 
deposits, or by separate sensors. 

[0044] Certain modi?cations and improvements Will occur 
to those skilled in the art upon a reading of the foregoing 
description. It should be understood that all such modi?ca 
tions and improvements have been deleted herein for the 
sake of conciseness and readability but are properly Within 
the scope of the folloW claims. 

What is claimed is: 
1. A system for optimiZing the removal of combustion 

deposits from a fossil fuel boiler surface comprising: 

a) a sootbloWer positioned to direct a cleaning medium in 
accordance With adjustable operating parameters 
against said surface to removing deposits from said 
surface; 

b) a sensor associated With said surface to determine a 
parameter indicative of the condition of said surface 
folloWing removal of deposits by said sootbloWer; 

c) a processor in communication With said sensor and said 
sootbloWer, said processor being capable of receiving 
data from said sensor, comparing data received from 
said sensor against a desired standard, and instructing 
a sootbloWer controller; and 

d) a sootbloWer controller in communication With said 
sootbloWer, said controller being capable of adjusting 
at least one of said sootbloWer operating parameters. 

2. The system of claim 1, Wherein said sensor measures a 
parameter indicative of heat transfer degradation due to 
surface deposits. 

3. The system of claim 1, Wherein said adjustable oper 
ating parameter is selected from the group consisting of jet 
progression rate, spray pattern, cleaning pattern, cleaning 
medium velocity, and cleaning medium pressure. 

4. The system of claim 1, Wherein said processor is 
programmed With a plurality of sets of operating parameters, 
and said processor is adapted to select one of said sets in 
response to data received from said sensor. 

5. The system of claim 1, Wherein said cleaning medium 
is air, steam, Water, or miXtures thereof. 

6. A fossil fuel boiler including a system for optimiZing 
the removal of combustion deposits from surfaces of said 
boiler comprising: 

a) at least one sootbloWer positioned to direct a cleaning 
medium in accordance With adjustable operating 
parameters against a surface of said boiler to removing 
deposits from said surface; 

b) a sensor associated With said surface to determine a 
condition indicative of surface cleanliness folloWing 
removal of deposits by the action of said sootbloWer; 
and 

c) a processor in communication With said sensor and said 
sootbloWer, said processor being capable of receiving 
data from said sensor indicative of surface cleanliness, 
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comparing received data against a desired standard for 
cleanliness, and instructing a sootbloWer controller; 
and 

d) a sootbloWer controller in communication With said 
sootbloWer, said controller being capable of adjusting 
said sootbloWer operating parameters. 

7. The system of claim 6, Wherein said sensor measures a 
parameter indicative of heat transfer degradation due to 
surface deposits. 

8. The system of claim 6, Wherein said adjustable oper 
ating parameter is selected from the group consisting of jet 
progression rate, spray pattern, cleaning pattern, cleaning 
medium velocity, and cleaning medium pressure. 

9. The system of claim 6, Wherein said processor is 
programmed With a plurality of sets of operating parameters, 
and said processor is adapted to select one of said sets in 
response to data received from said sensor. 

10. The system of claim 6, Wherein said cleaning medium 
is air, steam, Water, or miXtures thereof. 

11. A method for optimiZing the removal of combustion 
deposits from a fossil fuel boiler surface comprising: 

a) directing a cleaning medium in accordance With adjust 
able operating parameters against said surface to 
remove combustion deposits from said surface; 

b) acquiring data indicative of a surface condition fol 
loWing treatment of said surface With said cleaning 
medium; 

c) comparing acquired data against a predetermined stan 
dard; and 

c) adjusting at least one of said operating parameters 
based upon the results of the comparison. 

12. The method of claim 11, Wherein the comparison 
indicates inadequate cleaning and the aggressiveness of said 
operating parameter is increased. 

13. The method of claim 11, Wherein the comparison 
indicates adequate cleaning and the aggressiveness of said 
operating parameter is decreased. 

14. The method of claim 11, Wherein said adjustable 
operating parameter is selected from the group consisting of 
jet progression rate, spray pattern, cleaning pattern, cleaning 
medium velocity, and cleaning medium pressure 

15. The method of claim 11, including selecting a set of 
operating conditions from a plurality of sets of operating 
conditions. 

16. The method of claim 11, Wherein the eXtent of residual 
deposits is determined by sensing heat ?ux. 

17. The method of claim 11, Wherein said cleaning 
medium is air, steam, Water, or miXtures thereof. 

18. The method of claim 11, further including periodically 
measuring a parameter indicative of the eXtent of deposit 
accumulation folloWing said sootbloWing, and initiating a 
subsequent sootbloWing operation after said deposit accu 
mulation reaches a predetermined amount. 

19. The method of claim 18, Wherein the same sensors are 
used to measure a parameter indicative of residual deposits 
and deposit accumulation. 

20. The method of claim 18, Wherein the different sensors 
are used to measure parameters indicative of residual depos 
its and deposit accumulation. 


