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Description

[0001] The invention relates to industrial equipment.
More particularly, the invention relates to the detonative
cleaning of industrial equipment.
[0002] Surface fouling is a major problem in industrial
equipment. Such equipment includes furnaces (coal, oil,
waste, etc.), boilers, gasifiers, reactors, heat exchang-
ers, and the like. Typically the equipment involves a ves-
sel containing internal heat transfer surfaces that are sub-
jected to fouling by accumulating particulate such as
soot, ash, and minerals, more integrated buildup such
as slag and/or fouling, and the like. Such particulate build-
up may progressively interfere with plant operation, re-
ducing efficiency and throughput and potentially causing
damage. Cleaning of the equipment is therefore highly
desirable and is attended by a number of relevant con-
siderations. Often direct access to the fouled surfaces is
difficult. Additionally, to maintain revenue it is desirable
to minimize downtime associated with cleaning. A variety
of technologies have been proposed. By way of example,
various technologies have been proposed in U.S. patents
5,494,004 and 6,438,191 and U.S. patent application
publication 2002/0112638. In particular, WO 01/78912
discloses an apparatus according to the preamble of
claim 1 and method for acoustic cleaning. Additional
technology is disclosed in Huque, Z. Experimental Inves-
tigation of Slag Removal Using Pulse Detonation Wave
Technique, DOE/HBCU/OMI Annual Symposium, Mi-
ami, FL., March 16-18, 1999. Particular blast wave tech-
niques are described by Hanjalic’ and Smajevic’ in their
publications: Hanjalic’ , K. and Smajevic’ , I., Further Expe-
rience Using Detonation Waves for Cleaning Boiler Heat-
ing Surfaces, International Journal of Energy Research
Vol. 17, 583-595 (1993) and Hanjalic’ , K. and Smajevic’ ,
I., Detonation-Wave Technique for On-load Deposit Re-
moval from Surfaces Exposed to Fouling: Parts I and II,
Journal of Engineering for Gas Turbines and Power,
Transactions of the ASME, Vol. 1, 116 223-236, January
1994. Such systems are also discussed in Yugoslav pat-
ent publications P 1756/88 and P 1728/88. Such systems
are often identified as "soot blowers" after the key appli-
cation for the technology.
[0003] Nevertheless, there remain opportunities for
further improvement in the field.
[0004] According to one aspect of the invention there
is provided an apparatus for cleaning one or more sur-
faces within a vessel as claimed in claim 1.
[0005] In various preferred embodiments, there may
be a number of such sensors including at least one tem-
perature sensor and at least one pressure sensor. Such
sensors may also include at least one thermocouple po-
sitioned on the conduit or on the vessel and at least one
infrared sensor. The at least one infrared sensor may
include an infrared camera. The sensors may also in-
clude at least one combustion emission sensor. The cen-
tral controller may be programmed to generate mainte-
nance or service requests responsive to the input. The

control system may be programmed to communicate with
a remote monitoring system. The control system may be
programmed to control operation of the conduit respon-
sive to input from the sensor. The control system may
be programmed with a number of different cleaning proc-
esses or protocols to execute the processes responsive
to corresponding sensed conditions. An imaging inspec-
tion camera may be coupled to the control system for
visual monitoring of the vessel interior.
[0006] According to another aspect of the invention
there is provided a monitoring system for monitoring the
operation of a number of remote detonative cleaning ap-
paratus as claimed in claim 11.
[0007] In various preferred embodiments, at least one
of the processor and memory may store instructions for
causing the apparatus to operate. The monitoring system
may include one or more displays. At least one of the
one or more displays may be connected to permit at least
part time display of a video camera input.
[0008] According to another aspect of the invention
there is provided a method for cleaning surfaces within
a number of vessels at a number of locations. At a central
location, data is monitored regarding each of the vessels.
Responsive to the monitored data for a particular one of
the vessels, a detonative cleaning apparatus associated
with a particular vessel is caused to be discharged to
clean the surface within the particular vessel.
[0009] In various preferred embodiments, the method
may be performed via a programmed control and moni-
toring system that is programmed to select, responsive
to the monitored data, at least one of a number of at least
partially predetermined cleaning protocols and to cause
the discharge according to the selected protocol. The
method may be performed in a repeated sequential way.
An infrared camera may be used within each vessel to
inspect the associated surface while the vessel is in op-
eration. The monitoring may include at least one of mon-
itoring a surface emissivity within the vessel, monitoring
an image of a vessel interior, and monitoring a quantity
of a chemical species in the vessel interior. The method
may include receiving an automated maintenance or
service request for at least one of the vessels. The re-
quest may be specific to one of the apparatus or may be
general.
[0010] The details of one or more embodiments of the
invention are set forth in the accompanying drawings and
the description below. Other features, objects, and ad-
vantages of the invention will be apparent from the de-
scription and drawings, and from the claims.

FIG. 1 is a view of an industrial furnace associated
with several soot blowers positioned to clean a level
of the furnace.
FIG. 2 is a side view of one of the blowers of FIG. 1.
FIG. 3 is a partially cut-away side view of an up-
stream end of the blower of FIG. 2.
FIG. 4 is a longitudinal sectional view of a main com-
bustor segment of the soot blower of FIG. 2.
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FIG. 5 is an end view of the segment of FIG. 4.
FIG. 6 is a schematic view of a control system for
multiple cleaning apparatus.
FIG. 7 is a top view of an exemplary interface module
of the apparatus of FIG. 6.
FIG. 8 is a side view of the interface module of FIG. 7.
FIG. 9 is a schematic view of control electronics for
the interface module of FIG. 7.

[0011] Like reference numbers and designations in the
various drawings indicate like elements.
[0012] FIG. 1 shows a furnace 20 having an exemplary
three associated soot blowers 22. In the illustrated em-
bodiment, the furnace vessel is formed as a right paral-
lelepiped and the soot blowers are all associated with a
single common wall 24 of the vessel and are positioned
at like height along the wall. Other configurations are pos-
sible (e.g., a single soot blower, one or more soot blowers
on each of multiple levels, and the like).
[0013] Each soot blower 22 includes an elongate com-
bustion conduit 26 extending from an upstream distal
end 28 away from the furnace wall 24 to a downstream
proximal end 30 closely associated with the wall 24. Op-
tionally, however, the end 30 may be well within the fur-
nace. In operation of each soot blower, combustion of a
fuel/oxidizer mixture within the conduit 26 is initiated
proximate the upstream end (e.g., within an upstream-
most 10% of a conduit length) to produce a detonation
wave which is expelled from the downstream end as a
shockwave along with associated combustion gases for
cleaning surfaces within the interior volume of the fur-
nace. Each soot blower may be associated with a fuel/
oxidizer source 32. Such source or one or more compo-
nents thereof may be shared amongst the various soot
blowers. An exemplary source includes a liquified or com-
pressed gaseous fuel cylinder 34 and an oxygen cylinder
36 in respective containment structures 38 and 40. In the
exemplary embodiment, the oxidizer is a first oxidizer
such as essentially pure oxygen. A second oxidizer may
be in the form of shop air delivered from a central air
source 42. In the exemplary embodiment, air is stored in
an air accumulator 44. Fuel, expanded from that in the
cylinder 34 is generally stored in a fuel accumulator 46.
Each exemplary source 32 is coupled to the associated
conduit 26 by appropriate plumbing below. Similarly,
each soot blower includes a spark box 50 for initiating
combustion of the fuel oxidizer mixture and which, along
with the source 32, is controlled by a control and moni-
toring system (not shown). FIG. 1 further shows the wall
24 as including a number of ports for inspection and/or
measurement. Exemplary ports include an optical mon-
itoring port 54 and a temperature monitoring port 56 as-
sociated with each soot blower 22 for respectively receiv-
ing an infrared and/or visible light video camera and ther-
mocouple probe for viewing the surfaces to be cleaned
and monitoring internal temperatures. Other probes/
monitoring/sampling may be utilized, including pressure
monitoring, composition sampling, and the like.

[0014] FIG. 2 shows further details of an exemplary
soot blower 22. The exemplary detonation conduit 26 is
formed with a main body portion formed by a series of
doubly flanged conduit sections or segments 60 arrayed
from upstream to downstream and a downstream nozzle
conduit section or segment 62 having a downstream por-
tion 64 extending through an aperture 66 in the wall and
ending in the downstream end or outlet 30 exposed to
the furnace interior 68. The term nozzle is used broadly
and does not require the presence of any aerodynamic
contraction, expansion, or combination thereof. Exem-
plary conduit segment material is metallic (e.g., stainless
steel). The outlet 30 may be located further within the
furnace if appropriate support and cooling are provided.
FIG. 2 further shows furnace interior tube bundles 70,
the exterior surfaces of which are subject to fouling. In
the exemplary embodiment, each of the conduit seg-
ments 60 is supported on an associated trolley 72, the
wheels of which engage a track system 74 along the
facility floor 76. The exemplary track system includes a
pair of parallel rails engaging concave peripheral surfac-
es of the trolley wheels. The exemplary segments 60 are
of similar length L, and are bolted end-to-end by associ-
ated arrays of bolts in the bolt holes of their respective
flanges. Similarly, the downstream flange of the down-
streammost of the segments 60 is bolted to the upstream
flange of the nozzle 62. In the exemplary embodiment,
a reaction strap 80 (e.g., cotton or thermally/structurally
robust synthetic) in series with one or more metal coil
reaction springs 82 is coupled to this last mated flange
pair and connects the combustion conduit to an environ-
mental structure such as the furnace wall for resiliently
absorbing reaction forces associated with discharging of
the soot blower and ensuring correct placement of the
combustion conduit for subsequent firings. Optionally,
additional damping (not shown) may be provided. The
reaction strap/spring combination may be formed as a
single length or a loop. In the exemplary embodiment,
this combined downstream section has an overall length
L2. Alternative resilient recoil absorbing means may in-
clude non-metal or non-coil springs or rubber or other
elastomeric elements advantageously at least partially
elastically deformed in tension, compression, and/or
shear, pneumatic recoil absorbers, and the like.
[0015] Extending downstream from the upstream end
28 is a predetonator conduit section/segment 84 which
also may be doubly flanged and has a length L3. The
predetonator conduit segment 84 has a characteristic in-
ternal cross-sectional area (transverse to an axis/center-
line 500 of the conduit) which is smaller than a charac-
teristic internal cross-sectional area (e.g., mean, median,
mode, or the like) of the downstream portion (60, 62) of
the combustion conduit. In an exemplary embodiment
involving circular sectioned conduit segments, the pre-
detonator cross-sectional area is a characterized by a
diameter of between 8 cm and 12 cm whereas the down-
stream portion is characterized by a diameter of between
20 cm and 40 cm. Accordingly, exemplary cross-section-
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al area ratios of the downstream portion to the predeto-
nator segment are between 1:1 and 10:1, more narrowly,
2:1 and 10:1. An overall length L between ends 28 and
30 may be 1-15 m, more narrowly, 5-15 m. In the exem-
plary embodiment, a transition conduit segment 86 ex-
tends between the predetonator segment 84 and the up-
streammost segment 60. The segment 86 has upstream
and downstream flanges sized to mate with the respec-
tive flanges of the segments 84 and 60 has an interior
surface which provides a smooth transition between the
internal cross-sections thereof. The exemplary segment
86 has a length L4. An exemplary half angle of divergence
of the interior surface of segment 86 is ≤ 12˚, more nar-
rowly 5-10˚.
[0016] A fuel/oxidizer charge may be introduced to the
detonation conduit interior in a variety of ways. There
may be one or more distinct fuel/oxidizer mixtures. Such
mixture(s) may be premixed external to the detonation
conduit, or may be mixed at or subsequent to introduction
to the conduit. FIG. 3 shows the segments 84 and 86
configured for distinct introduction of two distinct fuel/
oxidizer combinations: a predetonator combination; and
a main combination. In the exemplary embodiment, in
an upstream portion of the segment 84, a pair of predet-
onator fuel injection conduits 90 are coupled to ports 92
in the segment wall which define fuel injection ports. Sim-
ilarly, a pair of predetonator oxidizer conduits 94 are cou-
pled to oxidizer inlet ports 96. In the exemplary embod-
iment, these ports are in the upstream half of the length
of the segment 84. In the exemplary embodiment, each
of the fuel injection ports 92 is paired with an associated
one of the oxidizer ports 96 at even axial position and at
an angle (exemplary 90˚ shown, although other angles
including 180˚ are possible) to provide opposed jet mixing
of fuel and oxidizer. Discussed further below, a purge
gas conduit 98 is similarly connected to a purge gas port
100 yet further upstream. An end plate 102 bolted to the
upstream flange of the segment 84 seals the upstream
end of the combustion conduit and passes through an
igniter/initiator 106 (e.g., a spark plug) having an opera-
tive end 108 in the interior of the segment 84.
[0017] In the exemplary embodiment, the main fuel
and oxidizer are introduced to the segment 86. In the
illustrated embodiment, main fuel is carried by a number
of main fuel conduits 112 and main oxidizer is carried by
a number of main oxidizer conduits 110, each of which
has terminal portions concentrically surrounding an as-
sociated one of the fuel conduits 112 so as to mix the
main fuel and oxidizer at an associated inlet 114. In ex-
emplary embodiments, the fuels are hydrocarbons. In
particular exemplary embodiments, both fuels are the
same, drawn from a single fuel source but mixed with
distinct oxidizers: essentially pure oxygen for the predet-
onator mixture; and air for the main mixture. Exemplary
fuels useful in such a situation are propane, MAPP gas,
or mixtures thereof. Other fuels are possible, including
ethylene and liquid fuels (e.g., diesel, kerosene, and jet
aviation fuels). The oxidizers can include mixtures such

as air/oxygen mixtures of appropriate ratios to achieve
desired main and/or predetonator charge chemistries.
Further, monopropellant fuels having molecularly com-
bined fuel and oxidizer components may be options.
[0018] In operation, at the beginning of a use cycle,
the combustion conduit is initially empty except for the
presence of air (or other purge gas). The predetonator
fuel and oxidizer are then introduced through the asso-
ciated ports filling the segment 84 and extending partially
into the segment 86 (e.g., to near the midpoint) and ad-
vantageously just beyond the main fuel/oxidizer ports.
The predetonator fuel and oxidizer flows are then shut
off. An exemplary volume filled the predetonator fuel and
oxidizer is 1-40%, more narrowly 1-20%, of the combus-
tion conduit volume. The main fuel and oxidizer are then
introduced, to substantially fill some fraction (e.g.,
20-100%) of the remaining volume of the combustor con-
duit. The main fuel and oxidizer flows are then shut off.
The prior introduction of predetonator fuel and oxidizer
past the main fuel/oxidizer ports largely eliminates the
risk of the formation of an air or other non-combustible
slug between the predetonator and main charges. Such
a slug could prevent migration of the combustion front
between the two charges.
[0019] With the charges introduced, the spark box is
triggered to provide a spark discharge of the initiator ig-
niting the predetonator charge. The predetonator charge
being selected for very fast combustion chemistry, the
initial deflagration quickly transitions to a detonation with-
in the segment 84 and producing a detonation wave.
Once such a detonation wave occurs, it is effective to
pass through the main charge which might, otherwise,
have sufficiently slow chemistry to not detonate within
the conduit of its own accord. The wave passes longitu-
dinally downstream and emerges from the downstream
end 30 as a shockwave within the furnace interior, im-
pinging upon the surfaces to be cleaned and thermally
and mechanically shocking to typically at least loosen
the contamination. The wave will be followed by the ex-
pulsion of pressurized combustion products from the det-
onation conduit, the expelled products emerging as a jet
from the downstream end 30 and further completing the
cleaning process (e.g., removing the loosened material).
After or overlapping such venting of combustion prod-
ucts, a purge gas (e.g., air from the same source provid-
ing the main oxidizer and/or nitrogen) is introduced
through the purge port 100 to drive the final combustion
products out and leave the detonation conduit filled with
purge gas ready to repeat the cycle (either immediately
or at a subsequent regular interval or at a subsequent
irregular interval (which may be manually or automati-
cally determined by the control and monitoring system)).
Optionally, a baseline flow of the purge gas may be main-
tained between charge/discharge cycles so as to prevent
gas and particulate from the furnace interior from infil-
trating upstream and to assist in cooling of the detonation
conduit.
[0020] In various implementations, internal surface en-
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hancements may substantially increase internal surface
area beyond that provided by the nominally cylindrical
and frustoconical segment interior surfaces. The en-
hancement may be effective to assist in the deflagration-
to-detonation transition or in the maintenance of the det-
onation wave. FIG. 4 shows internal surface enhance-
ments applied to the interior of one of the main segments
60. The exemplary enhancement is nominally a Chin spi-
ral, although other enhancements such as Shchelkin spi-
rals and Smimov cavities may be utilized. The spiral is
formed by a helical member 120. The exemplary member
120 is formed as a circular-sectioned metallic element
(e.g., stainless steel wire) of approximately 8-20mm in
sectional diameter. Other sections may alternatively be
used. The exemplary member 120 is held spaced-apart
from the segment interior surface by a plurality of longi-
tudinal elements 122. The exemplary longitudinal ele-
ments are rods of similar section and material to the mem-
ber 120 and welded thereto and to the interior surface of
the associated segment 60. Such enhancements may
also be utilized to provide predetonation in lieu of or in
addition to the foregoing techniques involving different
charges and different combustor cross-sections.
[0021] The apparatus may be used in a wide variety
of applications. By way of example, just within a typical
coal-fired furnace, the apparatus may be applied to: the
pendants or secondary superheaters, the convective
pass (primary superheaters and the economizer bun-
dles); air preheaters; selective catalyst removers (SCR)
scrubbers; the baghouse or electrostatic precipitator;
economizer hoppers; ash or other heat/accumulations
whether on heat transfer surfaces or elsewhere, and the
like. Similar possibilities exist within other applications
including oil-fired furnaces, black liquor recovery boilers,
biomass boilers, waste reclamation burners (trash burn-
ers), and the like.
[0022] A variety of systems may be provided for mon-
itoring and/or controlling operation of the detonative
cleaning apparatus. The implementation of any particular
control and monitoring system may be influenced by the
physical environment including the nature and configu-
ration of the vessel and its surfaces and the arrangement
of the combustion conduit(s). FIG. 6 schematically shows
one of a number of levels of a vessel 200. At this level,
a number of combustion conduits 202A-D are positioned.
In the exemplary embodiment, downstream outlets of the
conduits are positioned in the interior of the vessel and
upstream ends are external to the vessel. Although
shown straight, the conduits may have non-straight con-
figurations to discharge shockwaves in desired locations
with desired directions. Each conduit is closely associ-
ated with an interface module 204A-D which may provide
local control of various operational parameters (e.g., in-
cluding fuel and oxidizer introduction, purge and cooling
gas introduction, initiation, and the like). Further details
of an exemplary interface module are discussed below.
The given vessel level may also include sensors 206 and
208. However, the sensors need not be level-specific.

Similarly, the conduits could be other than level-specific
and other than oriented to discharge in parallel planes.
The sensors may be conduit-specific (e.g., close to the
outlet of a specific associated conduit or to the furnace
surface cleaned by such conduit) or may be more gen-
erally located. The sensors may detect one or more of
thermal conditions, pressures, flows, chemical condi-
tions, and/or visual conditions. Exemplary sensor oper-
ation is discussed in further detail below.
[0023] For signal communication, the modules and
sensors are coupled via communication lines 209 to a
hub (e.g., ethernet) 210. In the exemplary embodiment,
the sensors are coupled to the hub via the modules (e.g.,
coupled to the modules by communication or signal
lines). For physical input (e.g., fuel, oxidizer, purge gas,
coolant, power, and the like), the modules are coupled
to a central supply unit 212 via fluid and power lines 213.
The hub and supply unit may be level-specific, common,
or some combination. The hub is coupled for signal com-
munication (e.g., via network lines 215 such as a fiber
optic line, Ethernet line, or the like) to a control and mon-
itoring system 214 of the facility (e.g., a general purpose
computer running control/monitoring software) which
may be specific to the vessel or central to a group of
vessels at a site (e.g., a given facility). The supply unit
may similarly be coupled to the system 214 via the hub
210 or may exist independently. The system 214 is in
communication with a remote control and monitoring sys-
tem 216. The system 216 may be in secure communica-
tion with a number of systems 214 at a number of different
sites. In such a situation, however, the system 216 may
be colocated with one or more of those systems 214 and
off-site of the others. The exemplary communication be-
tween the system 216 and systems 214 is via a wide
area network 217 such as the internet. Alternative public
and private networks or other communication systems
may be used. The supply unit 212 may, itself, be fed from
a remotely located tank farm 218 (e.g., a central tank
farm of the facility) via lines 219 for supply of non-air
gases and other fluids and from appropriate shop air and
power sources (not shown) which may also be central
sources of the facility). The system 214 may communi-
cate with several central systems. For example, the sys-
tem 216 may be a central system of a facility owner/op-
erator communicating with systems 214 at various facil-
ities of that owner/operator. A central system 223 may
be a central system of a service vendor communicating
with systems 214 of various facilities of various owners/
operators either directly or via the systems 216. Based
ultimately upon data provided by the sensors 206 and
208, the systems 214 may inform the system 223 that
service or routine maintenance is necessary or otherwise
appropriate (the decision being made at any of the sys-
tems 214, 216, or 223).
[0024] In the exemplary embodiment, an emergency
control panel 220 is in close proximity to the system 214.
The exemplary emergency control panel includes one or
more status lights and one or more switches (e.g., red/
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green status lights and emergency kill switches for each
conduit plus a master kill switch for all conduits). These
are coupled by lines 222 extending to the individual in-
terface modules. In the event of a control system failure
which might prevent control (namely safing) of the con-
duits via the system 214 and hub 210, the kill switches
may be tripped by a technician to safe the conduits (e.g.,
shut the fuel and oxidizer valves, disable the ignition, and
the like, to safely shut down and/or disable the associated
conduits). The interface modules themselves may be set
up in a failsafe mode whereby a break in the associated
line(s) 215 or 222 causes a module to transition to a safe
mode.
[0025] FIGS. 7 and 8 show an exemplary interface
module 204 in association with a combustion conduit
202. In the exemplary implementation, the interface mod-
ule includes a control electronics enclosure 230 from
which a status light 232 extends. In close proximity to the
enclosure 230 are respective fuel and oxidizer valve en-
closures 234 and 236 and an air accumulator 238. In the
exemplary embodiment, fuel and oxidizer lines 240 and
242 extend into the valve enclosures 234 and 236 and
connect with electronically-controlled valves (not shown)
which, in turn, are connected via appropriate fluid lines
to the conduit 202. Similarly, a shop air line 244 may
connect to the oxidizer valve enclosure 236. The control
enclosure is connected via appropriate ones of the lines
209 to both the control panel 220 and to the hub 210. A
local kill switch 246 may be connected to the control elec-
tronics via a line 248 and may be mounted directly on
the electronics enclosure 230 or in proximity thereto.
[0026] FIG. 9 shows exemplary control electronics
from the electronics enclosure 230 of the interface mod-
ule 204. The electronics serve as a local control/moni-
toring system specific to the associated conduit. The core
of the electronics is a CPU emulator board 250 running
interface control software. The emulator 250 communi-
cates with a relay bank 252 via lines 254 for controlling
the various valves within the enclosures 234 and 236
associated with the respective relays via valve control
lines 256. For safety, advantageously the valves are fail-
closed. To ensure successful detonation wave creation,
the emulator 250 receives a timer input via a line 258
connected to conduit-mounted ionization probes (e.g.,
two probes longitudinally spaced near the conduit down-
stream end and representing subsets of the generically-
identified sensors 206). The emulator communicates via
lines 260 with an ethernet based controller 262 that in-
terfaces with the hub 210 via the lines 209. The controller
262 is configured to receive input from thermocouples
and resistance temperature detectors (RTD) via lines
270, from pressure sensors via analog lines 272, and
limit switches via discrete input lines 274. In an exemplary
implementation, the thermocouples may be connected
at various locations along the conduit, to the valve en-
closures, or somewhere within the vessel,. The pressure
sensors (e.g., transducers) may measure pressures in
one or more locations in the valve enclosures or other

locations. The thermocouples/RTDs may represent sub-
sets of the generically-identified sensors 206 and 208.
The limit switches may verify the positioning of mechan-
ical hardware (e.g., to confirm that enclosures are se-
curely closed before firing).
[0027] Power for the emulator and solenoid bank is
supplied by DC power supplies 280 and 282 drawing
power from an AC power source 284. In the exemplary
embodiment, an uninterruptible power supply (UPS)/bat-
tery back-up 286 delivers the AC power to the power
supplies 280 and 282 and the ethernet controller in the
event of loss of power from the source 284.
[0028] In operation, a variety of means may permit the
control and monitoring system 214 to decide to initiate
detonative cleaning by one or more of the conduits and
to determine characteristics of such cleaning. The iden-
tified sensors may include combinations of imaging or
non-imaging radiation sensors (e.g., IR sensors). Alter-
natively, or additionally, sensors external to the vessel
may monitor the vessel interior through windows as de-
scribed above. The sensors may provide an indication
of chemical emissions (e.g., pollutants). For example,
ions such as CH- and OH- have characteristic frequen-
cies which can be sensed (e.g., 324 nm and 282 nm in
the IR band). Emissivity or other measurements may di-
rectly detect build-up on surfaces. Temperature meas-
urements of fluid traveling through tube bundles may pro-
vide indications of insulative build-up on the tubes. The
sensors may facilitate continuous monitoring.
[0029] In operation, the various sensors may be used
to determine the nature of any build-up (e.g., the com-
position of a deposit, the thickness of the deposit, and
the extent of the deposit). These may be used to deter-
mine appropriate cleaning sequences/protocols charac-
terized by the particular conduits to be discharged and
the characteristics of such discharge (e.g., the nature
and quantity of the particular fuel/oxidizer charge(s) to
be introduced to particular conduit(s)). The relative timing
of the firing of different conduits may be selected to
achieve desired performance (this may include delays to
avoid interference or synchronization to provide a com-
bined effect). After a firing sequence (which may include
one or more firings of one or more conduits) there may
be a reassessment to determine whether further firings
are appropriate based on sensor input. The results of
such reassessment and subsequent reassessments
may be used to fine tune particular cleaning protocols for
future use. Data from the sensors may also be used to
determine the condition of the cleaning system and its
components. A lack of input from ion sensors may indi-
cate a lack of detonations. Pressure sensors may indi-
cate insufficient or excess fuel or oxidizer pressures.
Temperature sensors may indicate conduit overheating.
Such abnormal condition data may cause a warning to
be displayed and may cause n automated service/main-
tenance request to be generated. In an exemplary im-
plementation, the control system 214 may be pro-
grammed to generally command any of various kinds of
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single shot discharges and send corresponding com-
mands to the control electronics of the individual con-
duits. That control electronics may store the information
necessary to actually charge and discharge in the appro-
priate way for the specific shot (e.g., the fuel/oxidizer
amounts). For example, the control system 214 may send
a general command representative of a sharp, high pow-
er pulse to the local control electronics which, in turn, is
able to generate the shot even though the fill parameters
for a sharp, high power shot may differ amongst the con-
duits. The control system 214 may further be pro-
grammed to generate combinations of such shots for par-
ticular protocols.
[0030] One or more embodiments of the present in-
vention have been described. Nevertheless, it will be un-
derstood that various modifications may be made without
departing from the scope of the invention as set forth in
the accompanying claims. For example, the invention
may be adapted for use with a variety of industrial equip-
ment and with variety of soot blower technologies. As-
pects of the existing equipment and technologies may
influence aspects of any particular implementation. Ac-
cordingly, other embodiments are within the scope of the
following claims.

Claims

1. An apparatus for cleaning one or more surfaces with-
in a vessel (200) having a vessel wall (24) separating
a vessel exterior from a vessel interior and having a
wall aperture (66), the apparatus comprising:

at least one elongate conduit (26) having an up-
stream first end (28) and a downstream second
end (30) and positionable so as to direct a shock-
wave from the second end into the vessel inte-
rior;
a source (32) of fuel and oxidizer coupled to the
conduit to deliver the fuel and oxidizer to the
conduit;
an initiator (106) positionable so as to initiate a
reaction of the fuel and oxidizer to produce the
shockwave;
at least one sensor (206, 208) for sensing one
or more thermodynamic properties associated
with the vessel; and
a control system (214) coupled to the initiator,
the source, and the sensor for receiving input
from the sensor and controlling operation of the
initiator and source responsive to said input;
said apparatus being characterised by further
comprising:

a plurality of said elongate conduits (202A-
D) and a plurality of initiators, each of the
conduits associated with one or more of the
initiators; and in that

the control system includes:

a plurality of local controllers (204A-D)
respectively associated with and so
coupled to one of the initiators; and
a central controller (214) coupled to the
plurality of local controllers (204A-D).

2. The apparatus of claim 1 wherein:

there are a plurality of such sensors (206, 208)
including at least one temperature sensor and
at least one pressure sensor.

3. The apparatus of claim 1 or 2 wherein:

there are a plurality of such sensors (206, 208)
including at least one thermocouple that is po-
sitionable on the conduit or on the vessel and at
least one infrared sensor.

4. The apparatus of claim 3 wherein:

the at least one infrared sensor includes an in-
frared camera.

5. The apparatus of any preceding claim wherein:

there are a plurality of such sensors (206, 208)
including at least one combustion emission sen-
sor.

6. The apparatus of any preceding claim wherein:

the central controller (214) is programmable so
as to generate maintenance or service requests
responsive to the input.

7. The apparatus of any preceding claim wherein:

the control system communicates with a remote
monitoring system (216).

8. The apparatus of any preceding claim wherein:

the control system is programmable so as to
control operation of the conduit responsive to
input from said at least one sensor (206, 208).

9. The apparatus of any preceding claim wherein:

the control system is programmable with a plu-
rality of different cleaning processes and is fur-
ther programmable so as to execute the proc-
esses responsive to corresponding sensed con-
ditions.

10. The apparatus of any preceding claim further com-
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prising:

an imaging inspection camera coupled to the
control system for visual monitoring of the vessel
interior.

11. A monitoring system for monitoring the operation of
a plurality of remote detonative cleaning apparatus,
the system comprising:

a plurality of remote detonative cleaning appa-
ratus as claimed in any preceding claim;
a communications interface for communicating
with the apparatus;
a processor coupled to the communications in-
terface; and
memory coupled to the processor;
wherein at least one of the processor and mem-
ory store instructions for:

receiving data from the apparatus; and
recording information regarding the appa-
ratus.

12. The system of claim 11 being a monitoring and con-
trol system wherein:

at least one of the processor and memory stores
instructions for causing the apparatus to oper-
ate.

13. The system of claim 11 or 12 further including one
or more displays.

14. The system of claim 13 wherein:

at least one of the one or more displays is con-
nectable so as to permit at least part time display
of video camera input.

15. A method for cleaning surfaces within a plurality of
vessels at a plurality of locations, the method com-
prising:

at a central location, monitoring data regarding
each of the vessels; and
responsive to said monitored data for a particu-
lar one of the vessels, causing a detonative
cleaning apparatus associated with the particu-
lar vessel to discharge to clean the surface with-
in the particular vessel.

16. The method of claim 15 performed via a programmed
control and monitoring system and that is pro-
grammed to select, responsive to said monitored da-
ta, at least one of a plurality of at least partially pre-
determined cleaning protocols and to cause said dis-
charge according to the selected at least one proto-

col.

17. The method of claim 15 or 16 performed in a repeat-
ed sequential way.

18. The method of claim 15,16, or 17 further comprising:

using an infrared camera within each vessel to
inspect the associated surface while the vessel
is in operation.

19. The method of any of claims 15 to 18 wherein said
monitoring comprises at least one of:

monitoring a surface emissivity within each of
the vessels;
monitoring quantities of one or more chemical
species in each of the vessels; and
monitoring one or more images of interiors of
each of the vessels.

20. The method of any of claims 15 to 19 further com-
prising:

receiving an automated maintenance or service
request for at least one of the vessels.

Patentansprüche

1. Vorrichtung zum Reinigen von einer oder mehreren
Oberflächen im Inneren eines Kessels (200), der ei-
ne Kesselwand (24) aufweist, die eine Kesselaußen-
seite von einer Kesselinnenseite trennt und eine
Wandöffnung (66) aufweist, wobei die Vorrichtung
folgendes aufweist:

mindestens eine längliche Leitung (26), die ein
strömungsaufwärtiges erstes Ende (28) und ein
strömungsabwärtiges zweites Ende (30) auf-
weist und sich derart positionieren lässt, dass
eine Stoßwelle von dem zweiten Ende in das
Kesselinnere geleitet werden kann;
eine Brennstoff- und Oxidationsmittel-Quelle
(32), die mit der Leitung gekoppelt ist, um den
Brennstoff und das Oxidationsmittel der Leitung
zuzuführen;
einen Starter (106), der sich derart positonieren
lässt, dass er eine Reaktion des Brennstoffs und
des Oxidationsmittels initiieren kann, um die
Stoßwelle zu erzeugen;
mindestens einen Sensor (206, 208) zum Erfas-
sen von einer oder mehreren thermodynami-
schen Eigenschaften, die dem Kessel zugeord-
net sind; und
ein Steuersystem (214), das mit dem Starter,
der Quelle und dem Sensor gekoppelt ist, um
ein Eingangssignal von dem Sensor zu empfan-
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gen und den Betrieb des Starters und der Quelle
in Abhängigkeit von dem Eingangssignal zu
steuern;

dadurch gekennzeichnet, dass die Vorrichtung
ferner Folgendes aufweist:

eine Mehrzahl der länglichen Leitungen (202A-
D) und eine Mehrzahl von Startern, wobei jede
der Leitungen einem oder mehreren Startern zu-
geordnet ist; und
dass das Steuersystem Folgendes aufweist:

eine Mehrzahl lokaler Steuerungen (204A-
D), die jeweils einem der Starter zugeordnet
und mit diesem gekoppelt sind; und
eine zentrale Steuerung (214), die mit der
Mehrzahl lokaler Steuerungen (204A-D)
gekoppelt ist.

2. Vorrichtung nach Anspruch 1,
wobei eine Mehrzahl von derartigen Sensoren (206,
208) vorhanden ist, die zumindest einen Tempera-
tursensor und zumindest einen Drucksensor bein-
halten.

3. Vorrichtung nach Anspruch 1 oder 2,
wobei eine Mehrzahl von derartigen Sensoren (206,
208) vorhanden ist, die zumindest ein Thermoele-
ment, das an der Leitung oder an dem Kessel posi-
tionierbar ist, und zumindest einen Infrarotsensor
beinhalten.

4. Vorrichtung nach Anspruch 3,
wobei der mindestens eine Infrarotsensor eine In-
frarotkamera beinhaltet.

5. Vorrichtung nach einem der vorausgehenden An-
sprüche,
wobei eine Mehrzahl von derartigen Sensoren (206,
208) vorhanden ist, die mindestens einen Verbren-
nungsemissionssensor beinhalten.

6. Vorrichtung nach einem der vorausgehenden An-
sprüche,
wobei die zentrale Steuerung (214) derart program-
mierbar ist, dass sie Wartungs- oder Serviceauffor-
derungen in Abhängigkeit von dem Eingangssignal
erzeugt.

7. Vorrichtung nach einem der vorausgehenden An-
sprüche,
wobei das Steuersystem mit einem entfernt vorge-
sehenen Überwachungssystem (216) kommuni-
ziert.

8. Vorrichtung nach einem der vorausgehenden An-
sprüche,

wobei das Steuersystem derart programmierbar ist,
dass es den Betrieb der Leitung in Abhängigkeit von
dem Eingangssignal von dem mindestens einen
Sensor (206, 208) steuert.

9. Vorrichtung nach einem der vorausgehenden An-
sprüche,
wobei das Steuersystem mit einer Mehrzahl ver-
schiedener Reinigungsprozesse programmiert wer-
den kann und ferner derart programmierbar ist, dass
es die Prozesse in Abhängigkeit von entsprechen-
den erfassten Bedingungen ausführt.

10. Vorrichtung nach einem der vorausgehenden An-
sprüche, weiterhin aufweisend:

eine Abbildungs-Überwachungskamera, die für
eine visuelle Überwachung des Kesselinneren
mit dem Steuersystem gekoppelt ist.

11. Überwachungssystem zum Überwachen des Be-
triebs einer Mehrzahl von entfernt vorgesehenen
Detonationsreinigungsvorrichtungen, wobei das Sy-
stem Folgendes aufweist:

eine Mehrzahl von entfernt vorgesehenen Deto-
nationsreinigungsvorrichtungen nach einem
der vorausgehenden Ansprüche;
eine Kommunikations-Schnittstelle für die Kom-
munikation mit den Vorrichtungen;
einen Prozessor, der mit der Kommunikations-
Schnittstelle gekoppelt ist; und
einen mit dem Prozessor gekoppelten Speicher;
wobei von dem Prozessor und dem Speicher
zumindest einer Angaben speichert für:

den Empfang von Daten von den Vorrich-
tungen; und
die Aufzeichnung von Information hinsicht-
lich der Vorrichtungen.

12. System nach Anspruch 11,
bei dem es sich um ein Überwachungs- und Steu-
ersystem handelt, wobei von dem Prozessor und
dem Speicher zumindest einer Angaben zum Ver-
anlassen des Betriebs der Vorrichtungen speichert.

13. System nach Anspruch 11 oder 12,
das weiterhin eine oder mehrere Anzeigen beinhal-
tet.

14. System nach Anspruch 13,
wobei zumindest eine von der einen oder den meh-
ren Anzeigen derart verbunden ist, dass zumindest
eine zeitweise Anzeige eines Videokamera-Ein-
gangssignais möglich ist.

15. Verfahren zum Reinigen von Oberflächen im Inne-
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ren von einer Mehrzahl von Kesseln an einer Mehr-
zahl von Stellen,
wobei das Verfahren folgende Schritte aufweist:

an einer zentralen Stelle erfolgende Überwa-
chung von Daten hinsichtlich jedes der Kessel;
und
in Abhängigkeit von den überwachten Daten für
einen bestimmten der Kessel erfolgendes Ver-
anlassen einer Entladung einer Detonationsrei-
nigungsvorrichtung, die dem bestimmten Kes-
sel zugeordnet ist, um die Oberfläche im Inneren
von dem bestimmten Kessel zu reinigen.

16. Verfahren nach Anspruch 15,
das über ein programmiertes Steuer- und Überwa-
chungssystem ausgeführt wird, das derart program-
miert wird, dass es in Abhängigkeit von den Über-
wachungsdaten zumindest eines von einer Mehr-
zahl von zumindest teilweise vorbestimmten Reini-
gungsprotokollen auswählt und die Entladung in Ab-
hängigkeit von dem ausgewählten, wenigstens ei-
nen Protokoll veranlasst.

17. Verfahren nach Anspruch 15 oder 16,
das in wiederholter sequentieller Weise ausgeführt
wird.

18. Verfahren nach Anspruch 15, 16 oder 17,
bei dem weiterhin eine Infrarotkamera im Inneren
jedes Kessel verwendet wird, um die zugehörige
Oberfläche während des Betriebs des Kessels zu
inspizieren.

19. Verfahren nach einem der Ansprüche 15 bis 18,
wobei die Überwachung zumindest einen der nach-
folgenden Schritte aufweist:

Überwachen eines Oberflächen-Emissionsver-
mögens im Inneren von jedem der Kessel;
Überwachen von Mengen von einer oder meh-
reren chemischen Spezies in jedem der Kessel;
und
Überwachen von einem oder mehreren Bildern
des Inneren von jedem der Kessel.

20. Verfahren nach einem der Ansprüche 15 bis 19,
das weiterhin eine automatisierte Wartungs- oder
Serviceaufforderung für mindestens einen der Kes-
sel empfangen kann.

Revendications

1. Appareil pour nettoyer une ou plusieurs surfaces à
l’intérieur d’un récipient (200) ayant une paroi de ré-
cipient (24) séparant un extérieur de récipient d’un
intérieur de récipient et ayant une ouverture de ré-

cipient (66), l’appareil comprenant :

au moins un conduit allongé (26) ayant une pre-
mière extrémité amont (28) et une seconde ex-
trémité aval (30) et pouvant être positionné pour
diriger une onde de choc à partir de la seconde
extrémité dans l’intérieur du récipient ;
une source (32) de combustible et d’oxydant
couplée au conduit pour distribuer le combusti-
ble et l’oxydant au conduit ;
un initiateur (106) pouvant être positionné afin
d’initier une réaction du combustible et de l’oxy-
dant pour produire l’onde de choc ;
au moins un capteur (206, 208) pour détecter
une ou plusieurs propriétés thermodynamiques
associées au récipient ; et
un système de commande (214) couplé à l’ini-
tiateur, à la source et au capteur pour recevoir
une entrée provenant du capteur et commander
le fonctionnement de l’initiateur et de la source
sensible à ladite entrée ;

ledit appareil étant caractérisé en ce qu’il com-
prend en outre :

une pluralité desdits conduits allongés (202A-
D) et une pluralité d’initiateurs, chacun des con-
duits étant associé à un ou plusieurs des
initiateurs ; et en ce que :

le système de commande comprend :

une pluralité de contrôleurs locaux
(204A-D) respectivement associés et
couplés à l’un des initiateurs ; et
un contrôleur central (214) couplé à la
pluralité des contrôleurs locaux (204A-
D).

2. Appareil selon la revendication 1, dans lequel :

il y a une pluralité de tels capteurs (206, 208),
comprenant au moins un capteur de tempéra-
ture et au moins un capteur de pression.

3. Appareil selon la revendication 1 ou 2, dans lequel :

il y a une pluralité de tels capteurs (206, 208)
comprenant au moins un thermocouple qui peut
être positionné sur le circuit ou sur le récipient
et au moins un capteur infrarouge.

4. Appareil selon la revendication 3, dans lequel :

au moins un capteur infrarouge comprend une
caméra infrarouge.

5. Appareil selon l’une quelconque des revendications
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précédentes, dans lequel :

on trouve une pluralité de tels capteurs (206,
208) comprenant au moins un capteur d’émis-
sion de combustion.

6. Appareil selon l’une quelconque des revendications
précédentes, dans lequel :

le contrôleur central (214) est programmable
afin de générer des requêtes d’entretien ou de
service sensibles à l’entrée.

7. Appareil selon l’une quelconque des revendications
précédentes, dans lequel :

le système de commande communique avec un
système de surveillance à distance (216).

8. Appareil selon l’une quelconque des revendications
précédentes, dans lequel :

le système de commande est programmable
afin de commander le fonctionnement du con-
duit sensible à l’entrée provenant dudit au moins
un capteur (206, 208).

9. Appareil selon l’une quelconque des revendications
précédentes, dans lequel :

le système de commande est programmable
avec une pluralité de procédés de nettoyage dif-
férents et est en outre programmable afin d’exé-
cuter les procédés sensibles aux conditions dé-
tectées correspondantes.

10. Appareil selon l’une quelconque des revendications
précédentes, comprenant en outre :

une caméra de surveillance couplée au système
de commande pour la surveillance visuelle de
l’intérieur du récipient.

11. Système de surveillance pour surveiller le fonction-
nement d’une pluralité d’appareils de nettoyage à
détonation à distance, le système comprenant :

une pluralité d’appareils de nettoyage à détona-
tion à distance selon l’une quelconque des re-
vendications précédentes ;
une interface de communication pour commu-
niquer avec l’appareil ;
un processeur couplé à l’interface de
communication ; et
une mémoire couplée au processeur ;

dans lequel au moins l’un parmi le processeur et la
mémoire stockent des instructions pour :

recevoir des données provenant de l’appareil ;
et
enregistrer l’information concernant l’appareil.

12. Système selon la revendication 11, qui est un sys-
tème de surveillance et de commande, dans lequel :

au moins l’un parmi le processeur et la mémoire
stockent des informations pour provoquer le
fonctionnement de l’appareil.

13. Système selon la revendication 11 ou 12, compre-
nant en outre un ou plusieurs écrans.

14. Dispositif selon la revendication 13, dans lequel :

au moins l’un parmi les un ou plusieurs écrans
peut être raccordé afin de permettre au moins
un affichage partiel de l’entrée de caméra vidéo.

15. Procédé pour nettoyer des surfaces avec une plu-
ralité de récipients à une pluralité d’emplacements,
le procédé comprenant les étapes consistant à :

à un emplacement central, surveiller les don-
nées concernant chacun des récipients ; et
sensible auxdites données surveillées pour un
récipient particulier des récipients, amener un
appareil de nettoyage à détonation associé avec
le récipient particulier à décharger pour nettoyer
la surface à l’intérieur du récipient particulier.

16. Procédé selon la revendication 15, réalisé via un sys-
tème de commande et de surveillance programmée
et qui est programmé pour sélectionner, de manière
sensible auxdites données surveillées, au moins l’un
parmi une pluralité de protocoles de nettoyage au
moins partiellement prédéterminés, et pour provo-
quer ladite décharge selon le au moins un protocole
sélectionné.

17. Procédé selon la revendication 15 ou 16, réalisé
d’une manière séquentielle répétée.

18. Procédé selon la revendication 15, 16 ou 17, com-
prenant en outre l’étape consistant à :

utiliser une caméra infrarouge à l’intérieur de
chaque récipient pour inspecter la surface as-
sociée alors que le récipient est en fonctionne-
ment.

19. Procédé selon l’une quelconque des revendications
15 à 18, dans lequel ladite étape de surveillance
comprend au moins l’une parmi les étapes suivantes
consistant à :

surveiller une émissivité de surface à l’intérieur
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de chacun des récipients ;
surveiller les quantités d’une ou de plusieurs es-
pèces chimiques dans chacun des récipients ;
et
surveiller une ou plusieurs images des intérieurs
de chacun des récipients.

20. Procédé selon l’une quelconque des revendications
15 à 19, comprenant en outre l’étape consistant à :

recevoir une requête automatique d’entretien ou
de service pour au moins l’un des récipients.
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