
Rowan Technologies’ scanner systems have been operating on power plant boilers since 
1999. The systems use non-intrusive sensors welded to external (air-side) surfaces of 
tube walls, typically arranged in rectangular matrices. Thermal monitoring is fundamental 
to the scanner systems and can be combined with resistance monitoring to provide 
information of tube wall integrity. 

Non-Intrusive Thermal Scanner Systems 
 NTScanTM 

 for High and Low Heat Flux Applications 
 

Permanent Installations – Part of a Suite of Scanner Systems 

  
Real-time monitoring and mapping of boiler wall 

tube fireside temperatures and heat transfer 
characteristics 

�  
 

These can be correlated to boiler operations, 
enabling combustion conditions to be optimised, 

leading to improved thermal efficiency 
 

 
Easy-to-install, non-intrusive technology - 

monitors and displays fireside conditions over 
large areas of boiler wall. 

�   
 

Mapping of slagging behaviour and effectiveness 
of tube cleaning. 

 
 

Helps identify possible damaging tube wall 
conditions. 

 
 

Established technology with re-designed hardware 
for speedy installation. 

 

�
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The Thermal Mapping Technology provides: 
 

·  Real-time monitoring and mapping - tailored for high heat flux applications such as boiler 
walls and furnaces. 
 

·  Mapping of external surface temperatures, estimates of heat flux and fireside tube 
temperatures, providing information on slagging behaviour, flame impingement, 
effectiveness of wall cleaning, excessive tube temperatures etc. 

 
·  Fireside data that can be linked to boiler operations, enabling combustion conditions to be 

optimised to help improve efficiency. Systems may be used as part of intelligent wall 
cleaning systems. 

 
·  Absolute wall temperature, temperature differential and thermal cycling data :  helps to 

quantify tube stresses and pinpoint underlying causes of tube damage or failure. 
 
System Features 
 

• Non-intrusive technology capable of mapping large areas - electrodes are welded to 
external surfaces to form rectangular matrices, linear arrays or simple point  locations. 
 

• Interface to plant information systems for data storage and retrieval. Dedicated software 
allows data analysis and presentation in a multitude of ways - historical, real time, linear 
traces and 2-D plots. 

 
• Re-designed hardware permits quick and easy installation and rapid removal for boiler 

maintenance. ‘Chains’ of assembled units, linked by flexible conduit with pre-installed 
wiring, are shipped to site for simple, direct mounting. This eliminates almost all on-site 
wiring and the need for fixed conduit or trunking. 

 
• Custom-built electrode sensor assemblies - easy to attach. Robust and simple 

connections to system wiring. 
 

• Two sensors at each location allow estimation of heat flux and fireside tube temperatures. 
One/two intrusive heat flux sensors within each monitoring area, aid system calibration. 
� 

The Mapping Process:  electrodes, typically spaced about 1 metre apart and arranged in 
matrices or arrays, are rapidly scanned in sequence to allow real-time maps to be produced.

Electrode Matrix                                            Resulting 2D Maps 



EXAMPLE APPLICATIONS 
 
Typical examples, from scanner installations, of thermally-related boiler wall behaviour are 
presented below. These include the effectiveness of tube cleaning, natural slag shedding, flame 
impingement and evidence of excessively high and possibly damaging fireside tube wall 
temperatures.�

Sootblowing: Tube Wall Heat Transfer - Subcritical Boiler 
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Before Sootblowing          After Sootblowing 
 

Four sootblower locations are defined by the white ovals - all blowers have been activated. 
Brighter colours indicate higher heat flux. Maps from array of 8x7 electrode locations. 

 Sootblowing:  Fireside Tube Temperatures - Supercr itical Boiler 

 

�

�
  Blower Locations       Before Sootblowing         After Sootblowing 
 

The top two sootblowers have been activated. Maps are four minutes apart. Colour scale is in 
Fahrenheit.  Maps from matrix of 7 x 11 electrode locations. 
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Flame Impingement 
 
This localised arc of 
high fireside tube 
temperatures is 
indicative of flame 
impingement on the 
tube walls. Map from 
array of 7 x 11 
electrode locations.�

Linear Traces 
 
Data from individual electrode locations can be 
processed directly via the dedicated scanner 
software package or via standard packages 
such as Excel.��
�
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Water Cannon Activity - Supercritical Boiler 

 

 

 

 
    
  Temperature Change after First Cannon Pass          After Second Cannon Pass - 3 Minutes Later 
 
The above maps show increases in estimated fireside tube temperature resulting from two 
sequential passes of a water cannon. Monitoring area is located between two over-fired air 
inlets, defined by the white squares. Maps from an array of 59 electrode locations. 
 
Slag Avalanche  - Supercritical Boiler 

 

 

 
 
 
 

Activation of the central blower results in a slag avalanche along a localised central tube bundle, 
whilst adjacent tubes remain largely unaffected. Two minutes between maps. Estimated fireside 
tube wall temperatures - scale in Fahrenheit. Maps from an array of 9 x 9 electrode locations. 

 

 
 
 
 
 



Electrode locations are  identified here by 
the overlaid black dots and heat flux 
probes by red dots. Hovering the mouse 
over a particular electrode location allows 
measured and estimated temperatures to 
be  displayed�

SPECIFICATIONS 
 
·  Approx. 150 msec per sensor measurement max. speed. A matrix of 100 nodes (two sensors 

per node) scanned in about 30 seconds. 
·  Systems are specifically designed for accurate and stable temperature differences between 

adjacent sensor pairs (at a single electrode location): accuracy to within about 0.2 oC (0.4 oF) 
assuming identical thermocouple material. 

·  Absolute measurement stability approx. +/- 1 oC (2 oF). 
·  Absolute accuracy within approx. +/- 3 oC (5 oF). 
·  Accuracy of estimated fireside tube temperatures and estimated heat flux depends on system 

application but typical figures estimated to be within +/-10%. 
 
Above figures can be subject to change.�

Map Sequences and Movies 
 
Chronological production and storage of maps allows map sequences or movies to be created. 
This can help to identify more subtle changes in thermal behaviour and allows rapid scanning of 
thermal behaviour over extended periods of time. 
 

 
The short sequence above is over a twenty minute period - about 4 minutes between maps. The 
data analysis package allows many hundreds of maps to be generated and scanned rapidly. 
 
Superimposed Point Values, Probe Locations etc.   



System Control and Data Capture 
 
The adjacent schematic outlines the main 
features of the system control and data 
capture software: 
 
Ethernet communications and virtual 
networking allows remote access to the data 
logger.  Acquired data can be stored locally 
on the hard drive as well as made available to 
the plant historian.�

SOFTWARE 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
Data Retrieval and Analysis from PI Historian 
 
A single dedicated software package is supplied which can be used by anyone with network 
access to the plant historian - from office or control room. Main features are: 

 
• Data retrieval from PI using OLEDB code - performs a similar function to other data retrieval 

packages but with special provision for scanner data. 

• Option to save data as CSV files for analysis using standard packages e.g. Excel. 

• Historical data analysis or real time data capture and analysis. 

• Plot scanner data as linear traces; 
highlight  events such as wall 
cleaning. 

• Plot 2-D thermal maps: surface 
temperatures, estimated heat flux 
or estimated fireside tube wall 
temperatures. Historical maps or 
real-time map updates. 

• ‘Difference’ mapping to monitor the 
effect of boiler operations e.g. wall 
cleaning. 

• Print and save traces and plots. 

 



HARDWARE OVERVIEW 
 
A schematic of the re-modelled hardware, 
designed for speedy installation, is shown 
below.  A single communications cable runs 
from a small central cabinet to each 
monitoring location. This cable is daisy-
chained to rows or columns of weather-
proof ‘node’ boxes local to each electrode 
location (or ‘node’). This greatly simplifies 
the wiring as compared to previous systems 
and allows chains of node boxes to be pre-
assembled using flexible conduit and fully-
tested off-site prior to installation. 
 
 
 
 Example System Layout 
�
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Node box ‘chains’ can be mounted in rows or columns. Nodes (electrode locations) are typically 
spaced 3-4 feet apart. If ambient conditions exceed +80 oC (180 oF) then node boxes may be 
located at a convenient cooler location with wires running to the electrode locations. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 



SYSTEM LAYOUT AND INSTALLATION 
 
System Layout: 
 
• Up to four communications lines (‘branches’) from a single data logger, to different plant 

locations, are possible.  Each ‘branch’ can control up to 250 sensor locations. 
• Maximum length of cable runs from the data logger to the monitoring areas depends on the 

number of electrode locations and type of communication cable. This length may be up to 
hundreds of metres. 

 
Main Cabinet Electronics: 
 
• The main cabinet utilises 100-120 VAC power feed (15 amps). 
• Low voltage DC power is fed from here to the node boxes. 
• The electronics/cabinet could be housed in an office/room where suitable. 
• Ethernet link allows local and remote communications and control. 
 
Electrode Installation: 
 
• Electrode assemblies are welded to external tube surfaces. 
• No specialist welding skills required. 
• Robust connection points allow for quick and reliable connection of wires. 
 
Mounting of Node and Junction Boxes: 
 
• Pre-assembled box chains, with flexible conduit between node boxes, can be directly mounted 

on metal cladding adjacent to the electrodes - probably the simplest installation approach. 
• Weather-proof node boxes operate in ambient temperatures from -20 to +80 oC (0 to 

180oF).Where ambient exceeds operating limit, node box electronics may be located in a 
convenient cooler location with wires running to the sensor locations. 

• Pre-terminated trailing wires from the node boxes allow rapid connection to electrodes. 
• Where required, simple covers may be used over the electrode assembles as additional 

protection. 
 
Estimation of Wall Heat Flux and Fireside Tube Temp eratures 
 
• The installation of one or two intrusive heat flux sensors within each monitoring area aids 

system calibration for estimations of heat flux and tube front face temperatures. 
• These heat flux sensors are directly connected to the system via node boxes. 
 
Boiler Maintenance and System Removal 
 
The system is designed to make system removal and reinstatement quick and straight forward: 
cables can be quickly disconnected from electrodes and the node box chains readily moved 
away from areas of maintenance in preparation for re-installation. 



Earlier systems use discrete electrode rods welded to the boiler walls. A variety of methods are 
used to run cables and enclose the electrodes.�
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ESTABLISHED SCANNER TECHNOLOGY  

Systems capable of rapid thermal scanning have been operational in boiler plant since 1999. 
Earlier systems adopt a different design approach in that most (if not all) of the electronics is 
housed in central cabinets. Individual wires run from these cabinets to each and every sensor 
location - one wire for each sensing locations (crown or membrane). These well-established 
systems inevitably involve greater lengths of cable as compared with the remodelled systems; 
fixed conduit or trunking is required for larger cable bundles. 

Weatherproof and dustproof electronics cabinets are used as appropriate to help ensure many 
years of  trouble-free system operation with minimal maintenance. 

 


