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Abstract

Rowan Technologies Ltd., a UK based company, has over the past twelve years developed systems which monitor
the corrosion and thermal behaviour of boiler walls1,2. Systems developed over the last six years use electrode
sensors which are directly attached to the external surface of the boiler tubing, in a two dimensional array, and
are completely non-intrusive3. Sensors are scanned in sequence to build two-dimensional corrosion and thermal
maps of the walls - these systems are aptly named corrosion and thermal scanners. The corrosion measurements
are based on well-established electrical resistance techniques. However, this measured resistance is also
temperature dependent and the systems have the ability to simultaneously measure temperatures and resistances
to a high degree of accuracy, allowing this temperature dependency to be effectively nulled out. 

As well as being used for temperature compensation of electrical resistance measurements, the same sensors can
be used effectively in their own right to produce real-time two-dimensional maps of the wall’s thermal parameters.
These are membrane temperatures, estimated heat flux and tube front face temperatures. Dedicated thermal
monitoring systems are now available as stand alone systems (independent of corrosion monitoring hardware).
These are designed to monitor thermal characteristics at up to 500 or more sensor locations, enabling large areas
of boiler wall to be monitored. The scanner systems can be readily integrated with plant information and control
systems and intelligent sootblowering (ISB) systems.

The first two corrosion and thermal scanner systems have been installed at Drax power station UK. This paper
describes the thermal data acquired from these systems over the past five years.

Introduction

Drax power station is Western Europe’s largest coal fired station with six 660 MW boilers, Figure 1. Scanner
systems have been installed on two boilers at the plant. A pilot
scanner system was installed in 1999 on Unit 4. The system
comprises 48 sensor locations located in an 8 by 6 array. Sensor
locations are spaced roughly 1 metre apart with the sensor array
covering some 50 square metres of sidewall, Figure 2. The
system was primarily intended to monitor the performance of a
central area of sidewall. This central region had been overlayed
with Inconel 625 to suppress corrosion in an area where
corrosion activity had previously been high. 

A second much larger scanner system was installed on Unit 1
in the summer of 2001, Figure 3. This  system, comprising 240
sensor locations in total, enables complete corrosion and
thermal mapping of both sidewalls.



    
    Figure 2: Unit  4 Monitoring Area Figure 3: Unit 1 Monitoring System

Temperature Differences at Four Sensor Locations in the Vicinity of 
Sootblower 17
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Figure 4:  Sidewall Electrode Connections  Figure 5: Sensor Placement allows Measurement of         
               Small Temperature Differences

The electrode sensors used for temperature measurements are simple and robust - made from individual rods
which are spot (discharge) welded to the external surface of the walls. Thermal scans can be performed in rapid
sequence and maps of temperature or heat flux can be built up within a few seconds.  Such an arrangement enables
real time monitoring of changes in temperature and heat flux.  For example, the effect of changes in burner
configuration or cleaning activities at the furnace wall can be observed immediately.

The scanners'  sensors are welded to various parts of the wall, including the membranes (between tubes), Figure
4. The design of the thermal monitoring hardware is such that it allows very small temperature differences to be
very accurately measured and these can be related to the thermal conditions on the boiler wall, Figure 5. This
information can be used to produce estimates of heat flux and front face temperature.
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Fig. 6: The Effects of Sootblowing on Heat Flux

Furnace Wall Data: AES Drax
 Heat Flux Derived from RTL Scanner Location 12  (in Violet) 

compared with BMS Probe#2 (1 Foot to Right - Green)

50

100

150

200

250

300

350

400

450

500

550

23-Sep-00 24-Sep-00 25-Sep-00 26-Sep-00 27-Sep-00 28-Sep-00 29-Sep-00

H
ea

t 
F

lu
x 

(k
W

/m
^2

)

Fig. 7: Heat Flux Comparison

Thermal Data from Unit 4 - Including the Effects of Sootblowing

Data from Individual Sensor Locations

Within the monitoring area of Unit 4, there are four compressed air sootblowers (defined by the black ovals of
Figure 2). A time-dependant linear trace showing sootblowing activity is shown in Figure 6. This correlates heat
flux variation with sootblower activity in the vicinity of sootblower 17 (top right of the monitoring area).
Information on sootblower activity
was derived from the plant
operational information system -
the red triangles show the
sootblower activation state. Heat
flux data (defined by the blue
trace) is derived from averaged
data from scanner sensors close to
the sootblower and shows sharp
increases in heat flux upon
activation of the  sootblower. The
graph clearly shows the influence
of a number of such cleaning
events on heat flux. After each
event, a steady reduction in heat
flux is seen, heat flux values
returning to their ‘pre-cleaning'
level some 15 hours or so
following sootblowing.

Comparison with Heat Flux Probes

The thermal parameters of heat flux and front face temperatures derived from the scanners sensors were calibrated
ag ai n st  a B o i l er
Management Servi ces
(BMS) heat flux probe. Four
such probes had previously
been installed in the boiler,
two wi thin the area
monitored by the scanner.
These probes are intrusive
and comprise a series of
thermocouples welded into
a section of thickened
tubing which is then welded
into a length of active
furnace tube.  The probes,
by virtue of their design,
may be expected to output a
fairly accurate value of heat
flux, but only at a single
location.  A typical



F u r n ac e  W a l l  D a t a  f r o m  AES D r a x
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Figure 8: Temperature Comparison
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Figure 9a: Before Sootblowing   Figure 9b: After Sootblowing

comparison of the BMS
heat flux with that from
nearby scanner sensor
locations is shown in
Figure 7.  The correlation
was generally found to be
good al though some
dev i at i ons are i n
evidence, possibly due to
localised differences in
gas flows or tube fouling
between the locations of
the two systems, which
are some 0.5 metres apart.
A comparison between
probe and scanner front
face temperatures is
shown in Figure 8. Again,
some differences in the
traces may be attributed to
the scanner' s sensor location being a short distance apart from each other.

Two-Dimensional Thermal Maps

Two-dimensional contour maps, produced via the scanner' s software, can be produced within a matter of seconds,
and in real time, of the boiler walls thermal characteristics. Typical maps, showing the effects of sootblowing
activity, are shown in Figures 9a,b. The figures show the exact location of the four sootblowers. The maps show
estimated wall heat flux derived from all 48 sensor locations within the monitored area. The map of Figure 9a is
derived from data captured about 30 minutes before the four sootblowers were activated and shows cooler wall
temperatures towards the boiler corner, mainly as a consequence of reduced gas temperature and slagging/fouling
of the boiler wall. The coal-fired boiler is opposed fired by a 60-burner array.  The top of the map corresponds to
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   Figure 10 : Estimated Front Face Temperatures                    Fig 11 : Water/Steam Temp. Wall A

just above the top row of burners.  The area around the upper mid-point sootblower frequently showed high levels
of heat flux due to reduced fouling, caused by gas turbulence and higher gas temperatures.  However, sometimes
it showed lower levels of heat flux indicating a thermal dead-spot between the two opposing flames; this appeared
to result from the particular burner configuration and the performance of the pulverising mills. The impact of ash
removal on heat transfer is demonstrated in Figure 9b, this data being recorded shortly after all four sootblower
had been activated, and quantifies the sharp increases in heat flux (up to 410kW/m2 ) in this vicinity.  

Tube cleaning events commonly affect both the local area and extended regions of the furnace wall, depending
on the prevailing burner configuration, combustion conditions, coal feed and unit load at the time.  The ‘cleaned'
areas were seen to start refouling again about 1-2 hours after sootblowing, and returned to their ‘pre-cleaned'  state
about 16 hours later (note - tube cleaning intervals of 24 hours are typical for this boiler under normal operating
conditions).

Thermal Data from Unit 1 - Including the Effects of Flame Impingement

Typical thermal maps from both sidewalls of the much larger Unit 1 system are shown in Figure 10. One of the
maps has highlighted an area with abnormal wall temperatures (> 4800C). These excessive temperatures are due
to flame impingement from one of the wing-burners. To date this has not led to any seriously increased corrosion
at this location although carbon steels should not be exposed to temperatures above 4500C in boilers for extended
periods. Note - these burners are due to be replaced this summer with low NOx burners with an over-fired air
system.

The systems are also able to monitor water/steam temperatures, a typical map of the water temperature is shown
in Figure 11. This data is useful to assess if excessive scaling is occurring on the inside of the tubes.



Discussion and Conclusions

Optimising the thermal behaviour of furnace walls whilst minimizing both the direct costs (air, steam or water
cleaning medium) and indirect costs (loss of heat during the event and possibly tube damage) is clearly a desirable
strategy for power generation boilers. ISB enables this optimisation to be carried out. 

The RTL thermal scanner systems have been in operation for 5 years, have been proven on 660MW boilers and
have demonstrated their potential for usewithin ISB systems. Individual sensor points in the vicinity of
sootblowers may be used, with an appropriate interface package, to control sootblowing activity.  Alternatively,
the two-dimensional maps may be used to accurately control (for example) individual water cannons, i.e. selective
directional cleaning of localised areas.

The data is unlikely to be quite as accurate as intrusive heat flux probes, installed in the fireside tubes. However
the non-intrusive nature of the scanner sensors, easy installation of large numbers of sensors, together with vastly
reduced hardware and installation costs, make it an ideal choice for controlling ISB systems.  Typical ex-works
costs for the hardware to monitor 56 sensor locations are around £15K (about $25K USD).  This cost increases
marginally for additional sensor locations. Typical installation time may be around 10 man days for a 56 sensor
location system.

Corrosion or thermal scanner systems are now available for vendors or boiler operators to include with their ISB
control systems.
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