
Refineries and petrochemical plant furnaces 
often have thermocouples installed that provide 
the highly valuable tube skin temperature data 
used to make critical process decisions. While 
relatively low in cost and simple in operation, 
these thermocouples provide only a limited 
amount of data and often create more problems 
than they solve.

Non-contact instruments, such as single-point 
pyrometers or thermal imaging cameras, can 
provide an alternative solution with enhanced 
benefits, particularly if supported  
by continuous monitoring software that can 
summarise the data obtained for intuitive use.
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Issues with skin thermocouples are not limited 
to low-temperature processes. Operators across 
multiple industries report early failures and 
drifting values on low-temperature furnaces – 
for example cylindrical forced-draft oil heaters 
with tube metal temperatures (TMT) of 250-
350 °C – mid-temperature furnaces – e.g. 
Continuous catalytic reformer charge heaters 
and interheaters at 550-600 °C – and high-
temperature furnaces, including steam methane 
reformers and ethane/naphtha crackers with 
TMTs above 800 °C. This has led many to 
search for a different way of obtaining reliable 
and accurate temperature values. 

In theory, a contact thermocouple will come to 
thermal equilibrium with the tube it is measuring 
via the conduction of heat between the hot 
junction of the thermocouple and the tube’s 
metal surface. After a short period, they acquire 
the same temperature. In practice, maintaining 
the required quality of thermal contact to ensure 
something close to equilibrium is challenging in 
a high-temperature environment.

In most furnaces, flue gases are significantly 
hotter than the process tubes, so if a 
thermocouple starts to detach even slightly 
from its intended location, the measurement is 
affected by convection, resulting in errors and 
overheating.

HEAT TRANSFER CHALLENGES FOR 
THERMOCOUPLES MEASURING SURFACE 
TEMPERATURES

Skin thermocouple hot junctions in this example have been 
insulated from hot flue gases and refractory surfaces, 
although this may both cool the area being measured 

and prevent visual inspection of the contact between the 
thermocouple and tube.
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RADIATION

Infrared technology provides an alternative to contact thermocouples, 
with both single-point pyrometers and more advanced thermal imagers available.

SPOT+ TMT non-contact thermoneters replace the thermocouples’ single-point temperature 
measurements, but operate from outside the furnace, looking in. The benefit of radiation measurement, 
is that you don’t touch or even change the surface or its conditions.

THE SPOT+ TMT NON-CONTACT 
PYROMETER FOR SURFACE TEMPERATURE 
MEASUREMENTS

Infrared radiation is also a problem for contact thermocouples. If the thermocouple is in contact with 
a hot object relative to its background, most of the heat transfer will come from that object. But, in 
a furnace, the tube is cold relative to flames, flue gases, and refractory surfaces, so a thermocouple 
will have heat transferred to it from more than just the intended tube surface. To prevent this, the hot 
junction of the thermocouple can be insulated, but this creates an artificially cool measurement area 
and prevents visual inspection of the thermocouple tip.

TEMPERATURE RANGE FIELD OF VIEW SIGHT PATH1 2 3

A SPOT+ TMT instrument, seen through a 
web server, outputs a single temperature 
value via an onboard 4-20 mA output or smart 
communications.
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Temperature Range

The intensity of infrared radiation emitted 
from a hot object varies as the fourth power 
of its temperature. This means the practical 
measuring range of an infrared pyrometer 
is limited by the dynamic range of its 
optoelectronic components. For this reason, 
a short-wavelength pyrometer which gives 
accurate measurements of a reformer tube at 
850 °C may not be able to measure a boiler tube 
at 350 °C..

Field of View

A pyrometer’s field of view (FoV) is defined as 
the ratio of the focal distance to the diameter 
of the area being measured. A pyrometer which 
measures a 10 mm spot at a distance of 2300 
mm has a 230:1 FoV. The larger the ratio, the 
smaller the spot size at a specific distance. 
This is important when specifying pyrometers 
for furnaces, where pyrometers targeting tubes 
far from the installation location require narrow 
fields of view to ensure the target diameter 
does not exceed the tube outside diameter. 
If specified incorrectly, the pyrometer may 
measure the average of multiple tubes or, worse, 
be measuring background temperatures, which 
need to be corrected for significant errors.

SPOT+ TMT 

SPOT+ TMT

EXSH cooled housing

Light industrial housing
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FURNACE ATMOSPHERE
Thirdly, the atmosphere that occupies the space between the pyrometer and the tube being 
measured can significantly affect the measurement. The molecules within the atmosphere have 
characteristic spectral features whose intensity depends on the gas concentration. If the spectral 
features overlap with the pyrometer’s measurement wavelength, the readings will contain an unknown 
error. The diagram below shows the emission spectrum of a typical furnace atmosphere. There is a 
characteristic window at 3.9 µm which allows a pyrometer to measure the tube metal temperature 
without interference from the gaseous components in the furnace atmosphere.

Luminous flames, water vapour, and carbon particles can also cause scattering of the radiation both 
into and out of the pyrometer’s FoV, so we must do what we can to ensure that the pyrometer has a 
clear sight path. 

A pyrometer with an ideal wavelength for low temperature measurements, for example, may not be 
suitable for the given furnace atmosphere due to a high water vapour content at that wavelength.

Each of these challenges was overcome on a large recent project by using the AMETEK Land SPOT+ 
TMT (EX) pyrometer and the EXSH cooled housing, where tube temperature measurements were 
required between 250 °C and 400 °C. 

The SPOT+ TMT (EX) was installed into our stainless-steel weatherproof Ex d housing with air purge 
and sapphire window. The onboard video camera can be used to check the clarity of the lens, so we 
recommended having Ethernet communications installed between the pyrometer and control room. 

The installation overcame all three major challenges, including temperature, sight path, and target size. 
The SPOT+ TMT (EX) has an FoV of 220:1 At 2000 mm distance the spot size is 9 mm, much smaller 
than the diameter of the tube. .

A sample furnace atmosphere’s gas 
emissions are shown in this image.
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The image on the left demonstrates the ‘vignetting’ effect of a thermal imager without a borescope lens.

The same issues can be overcome with thermal imaging systems, albeit with a new challenge. The 
major difference is that, while a pyrometer’s optics can sit entirely outside the furnace (because it only 
needs to ‘see’ a small area/point from which it takes its measurement), a thermal imaging camera 
needs to ‘see’ a much larger area. 

If mounted in the same location as a pyrometer, a fixed camera mounted outside a furnace would 
suffer significant vignetting (or clipping) from the refractory if it had a wide-angle lens. If it had a 
narrow-angle lens, it would only see a relatively small area of the furnace. To see more of the furnace, 
a wide-angle lens can be installed on a borescope, and an opening in the furnace insulation can be 
created to produce uniquely valuable images and temperature data.

THERMAL IMAGING FOR TUBE METAL 
TEMPERATURE MEASUREMENTS

Because the lenses are now directly exposed to the hot furnace radiation and flue gases, cooling is a 
critical requirement. Both water and air/nitrogen cooling are possible, with each option requiring an air/
nitrogen purge to maintain the lens condition.
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IMAGEPro AFM collects temperature data from infrared cameras and intuitively displays, alarms, analyses, and archives

Water cooled jacket

The abundance of data and thermal images can be overwhelming if operators and specialists are 
used to managing fired heaters with a very limited data set. But depending on manual operator 
analysis and intervention to identify process and temperature anomalies would defeat the purpose of 
a continuous monitoring system, so during commissioning of thermal imaging systems, experienced 
thermographers know to configure dashboards, regions of interest, alarms, compensation values, and 
historians that automatically monitor the furnace and that summarises the huge volume of data in an 
intuitive way. 

IMAGEPro Advanced Furnace Monitoring (AFM) was therefore developed to ensure that the hardware’s 
true value can be realised.

Air cooled jacket
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Q U A L I T Y  C U S T O M E R  S O L U T I O N S

300-1800 °C / 572-3272 °Fi

 MWIR-
BORESCOPE-640 
THERMAL IMAGING SOLUTIONS

Q U A L I T Y  C U S T O M E R  S O L U T I O N S

ACCURATE 
MEASUREMENTS 
IN THE PALM 
OF YOUR HAND

THE CYCLOPS L RANGE OF 
PORTABLE PYROMETERS
RELIABLE TEMPERATURE 
READINGS FOR FOUNDRIES 
AND METALS

See degrees differently. 

SPOT+ is designed to be 
interchangeable with any 
existing fixed spot pyrometers.

SPOT+
Smart High-precision pyrometers
The SPOT+ range of smart infrared pyrometers offers 
advanced industrial connectivity and visible light 
process video. The technologies utilised in SPOT+ 
make non-contact temperature measurement accurate, 
flexible and easy to use.

Combining Ethernet/IP, REST API, web server, 
Modbus TCP, image streaming, analogue and alarm 
outputs within one device, SPOT+ makes all these 
conveniently available to the operator. 

Pyrometer readings and configuration settings are 
available on the rear display and remotely via webserver 
or through SPOTPro software. The  standard body 
models use a focus assist flashing green patented* 
LED and provide visible light process video to confirm 
measurement SPOT+ size and location. The M/R100 
and M/R160 models offer a fiber-optic variant which 
uses a red LED for alignment.

Flexible design with adapters provide simplified 
installation and easy replacement of older pyrometers. 
SPOT+ is designed to be interchangeable with any 
existing fixed spot pyrometers. 

MONOCHROMATIC PYROMETERS 
M100, M160, M210, M3-5 and M390 Standard Body 
The M-Series pyrometers have a measurement range 
of 50 to 2500 °C / 122 to 4532 °F.  Proven, reliable 
electronics and a precision optical system combine to 
give a pyrometer which delivers accurate, repeatable 
temperature measurement.

Fiber-optic VariantS
M100, M160, R100 and R160   
The M and R Series fiber-optic versions generally 
measure at the same temperature range and 
wavelength.  The use of flexible fiber-optics allows the 
optic head to be mounted in a hostile environment and 
the detector and electronics enclosure to be located in 
a less hostile environment, several metres away.
The use of the fiber-optic variant permits measuring 
of targets that are inaccessible, in areas with 
electromagnetic interference or in high ambient 
temperature environments where water cooling may 
not be possible.

A MEMBER OF THE IMAGEpro THERMAL IMAGING SOFTWARE FAMILYi

IMAGEpro-afm 
beta 
ADVANCED FURNACE MONITORING FOR 
REFORMER TUBES

Q U A L I T Y  C U S T O M E R  S O L U T I O N S

SPOT+ TMT

IMAGEPro AFM

MWIR-BORESCOPE

CYCLOPS L 
PYROMETER

A highly accurate radiometric infrared borescope 
imaging camera with spectral filtering for 
continuous temperature measurement and furnace 
profiling applications.

A highly accurate radiometric infrared borescope 
imaging camera with spectral filtering for 
continuous temperature measurement and 
furnace profiling applications.

A family of fully-featured, high-performance 
pyrometers for fixed non-contact infrared spot 
temperature measurements.

Cyclops L Portable Pyrometers are a range of premium 
quality, highly accurate hand-held instruments that 
provide accurate temperature readings.
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CONTACT US
WEB:	 www.ametek-land.com
EMAIL:	 land.enquiry@ametek.com
We are fully committed to Quality Assurance. See all our accreditations at AMETEK-LAND.COM/QUALITY

Our global service centres provide after-sales services to ensure you get 
the best performance from your system. This includes technical support, 
certification, calibration, commissioning, repairs, servicing, preventative 
maintenance and training. Our highly trained technicians/engineers can 
also attend your site to cover planned maintenance schedules and repair 
emergency breakdowns.
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