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FLIR GF309 - An innovative solution to diagnose potential
trouble areas of refractory lined equipment and online
monitoring of radiant tubes in process heaters.

1. INTRODUCTION

IR thermography is a form of nondestructive testing that measures
temperature variances of a component as heat (i.e., thermal radiation) flows
through, from, or to that component. Thermographic inspection of industrial
units and processes is a new direction in the diagnosis (non-destructive
testing) and operation of industrial objects, allows you to remotely visualize
and accurately obtain objective information about the object and the state
of its internal and external systems. Thermography is a non-contact method
of monitoring allows early detection of various defects and faults at an early
stage of their occurrence.

Besides renewable energy, crude oil remains one of the world's most
important raw materials. Complex and costly refining processes turn it
into petrol, diesel, and other hydrocarbons. Refining is a complex dish; but
a few ingredients matter more than others. Everything is like salt, pepper,
and spices. A common challenge plant refinery operators face is tracking
changes to their plants over time. In refining, it's important for plant operators
to identify changes to the plant and its assets that could indicate the
development of defects so they can fix these issues before they get worse.
Infrared thermography has vast and varied uses in the petrochemical refinery.
Over the past two decades, many refineries have depended on the use of
infrared thermography as a nondestructive means to assist in their condition
monitoring and predictive maintenance programs. By mapping temperature
levels and variances of a component it is useful to detect any hot spots
where equipment may weaken or fail. It is advantageous over traditional
visual inspection and other tools because infrared technology does not have
to be in contact with the equipment being monitored. Various applications
where temperature analysis of equipment required are critical. Some of the
major uses of infrared thermography include detecting refractory damage in
processing equipment, checking for coke deposits in process heater tubes,
monitoring temperature of reformer radiant tubes, inspecting rotating
equipment, electrical distribution systems, testing of sulfur lines, steam, and
product lines, and determining sludge and product levels in storage tanks.
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2. TECHNOLOGY

FLIR GF309 is designed for high temperature industrial furnace applications.
These infrared cameras are ideal for monitoring all types of furnaces, heaters,
and boilers, particularly in the chemical, petrochemical, and utility industries.
Custom-built to see through flames, the FLIR GF309 also features a detachable
heat shield designed to reflect heat away from the camera and camera
operator, providing increased protection.

3. WHAT PROBLEMS GOT SOLVED WITH THIS
TECHNOLOGY

We utilize infrared thermography to detect abnormal or unexpected thermal
patterns that may cause equipment failure (i.e., “invisible” threats).
Thermographic imaging analysis is used to diagnose problem areas and
determine their impact and severity. It also enables us to pinpoint abnormal
temperatures and resolve variances and deficiencies.

Assessment of Refractory and Ceramic Blanket Condition Inside
Refractory Lined Equipment, Boilers and Fired Heaters.

Historically the condition of the refractory lining had been determined
by refiners by visual inspection at each of planned shutdowns of the plant
that occur every four years. This was an entirely reactive inspection regime.
Refractory breakdown, which is the loss of the insulating layer, consisting
of high-temperature resistant materials, directly inside the exterior metal of
refractory lined equipment, is a common problem that requires special attention
as this metal will suffer degradation if exposed directly to the temperatures
present inside. Infrared thermography is effectively used to detect abnormal
heat patterns on various assets, indicating inefficiency and defects.

Some of the major findings with this technology that lead to significant
decisions to avoid failures.

Refractory or ceramic blankets inside, refractory lined equipment, boiler,
heater shell, or stack get dislodged due to spalling and other issues, causing
an increase in the heater casing temperature at various locations. These
high temperature zones are captured in infrared images as hot spots.
Infrared thermography can be used to monitor the extent of refractory
damage. From an energy efficiency point of view, these types of applications
are most useful.

Rotary Kiln at Coke Calcination Unit, lined with refractory bricks on its internal
shell, during operation observed with falling bricks, damaging refractory
casting of Tertiary air nozzle, and firing Burner hood. The petroleum green
coke is fed into a refractory lined rotary kiln where the volatiles are driven
off during the calcining process in an oxygen deficient atmosphere. Air can be
injected through the kiln shell to burn a portion of the volatile matter in the kiln
providing usable heat to the kiln.

After the incident of bricks falling continuously through hot dump area
and coke cooler badly blocked with mud and carried over bricks, series of
thermography assessment were performed to help gauge the extent of
anticipated repair in Rotary Kiln. It was noticed that the damaged section has
increased which may be inferred from the images on right side. We found
that the previously documented hotspots had greatly expanded. Where
before there were only isolated hot spots, now showing signs of widespread
refractory failure. It appeared as large number of bricks were now missing
throughout circumference of Rotary Kiln allowing greater heat transfer to the
outer shell of the equipment.

During unplanned outage, the damage areas observed were perfectly
matching with those indicated by thermograms taken in-service.
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Regularly scheduled infrared inspections helped us to detect and document
the areas to pinpoint possible failure points before they become severe
enough to affect operations.

As shown by the some of the several examples from the field illustrating real
applications, using thermography as part of the preventive and predictive
maintenance program on refractory lined equipment has significant benefits.

Infrared thermography for identifying symmetry and temperature
variation concerns.

Residue fluid catalytic cracking at ADNOC Refining is the world's largest in
terms of capacity and has state-of-art technology for the Reactor-Regenerator
system. RFCC is used for upgrading heavy feedstocks to light products such
as gasoline. During shutdown, for all inspection and maintenance activities
on this humongous equipment, which loaded with many cyclones at intricate
locations, are extremely difficult to access considering the quantum of
scaffolding erection involved. RFCC is a business-critical unit, and each hour
of a shutdown counts.

Radiant Tube Skin Temperature Monitoring

Process heaters are a critical component in the refining of crude oil.
Temperature is a determining factor in the safety and performance of process
heaters. Inaccurate or unreliable temperature measurement will eventually
lead to a host of issues — all of which reduce efficiency, take up plant
operators’ time, and hurt the bottom line. For these reasons, refinery should
rely on reliable temperature measurement solution to monitor radiant. Poor
temperature measurement and monitoring could result in the tube temperature
exceeding the tube’s metallurgical limit. At certain point, the tube will fail.
When that happens, the hydrocarbon is released into the fire heater, leading
to catastrophic results. Often, infrared thermography is utilized after load
changes to establish that the process heater is continuing to operate normally.

Fewer numbers of viewing ports and sight areas obtained through the ports
often pose limitations to image coverage. The viewing angle, change of firing
rate, and burner changes during transient phases of operation also pose
difficulties in capturing images. Imaging should be done in close liaison with
the operations people.

By utilizing a thermography imaging device specifically designed for heater
inspections, valuable performance information is obtained to monitor the
overall temperature profile of the process heater tubes. Skin temperature
indication by thermocouple provides information about the heater tubes only
where the thermacouple is welded. Infrared imaging gives information about
the entire heating surface of the tubes. In the hands of a knowledgeable
engineering team, accurate infrared data can be utilized to significantly
increase heater throughput while helping to ensure safe operation of the
heater.

Proper maintenance of fired heater and tubes can be enhanced with a properly
designed and implemented infrared scanning regime. To reap the maximum
benefits of the infrared scanning program, the overall process must itself be
reviewed on a routine basis and modifications applied as better understanding
of the specific dynamics of each heater is understood.

4. CONCLUSION

As with all businesses, refineries must keep downtime to a minimum and
avoid unnecessarily extended shutdowns. Most materials that refineries use
to complete turnarounds are custom fabricated and not available without
months of advance notice. Costs could multiply greatly if materials needed at
time of shutdown are not present.

Thermography of Main Reactor-Riser and WYE Design Skin
Temperature 242°C Observed with hot spot temperature 450~468°C

(left). Observed with no hot spot temperature 262°C after repair(right).
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2nd Stage Regenerator Orifice Chamber-Images before (hot spot
indication) and after refractory repair (no hot spot indication)
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Thermography is one of the most efficient ways to detect evidence of
deteriorated refractory within active petrochemical vessels, monitoring radiant
tubes of process heaters. Thermography is nondestructive and requires no
interruption of production. This case study of findings further reinforced the
need for a regular thermographic inspection program to the management of
the refinery. Inspection protocols have been established for monitoring radiant
tube skin temperature, as well as refractory degradation, breakdown, and
failure. Critical to the long-term monitoring that has been performed at this
site are the thermographers that have been trained and certified to industry
standards and understanding the construction and characteristics of the
subject vessels.

It was found that there are huge cost savings realized by thermally surveying
refinery static equipment. Logging and trending the results over time improve
the benefits of the surveys. This increases the knowledge of the condition of
critical equipment and therefore allows inspection personnel to make more
accurate and informed decisions. Including the results of thermal surveys in
the maintenance and shutdown planning processes has been proven to make
significant cost savings. To maximize reliability, refiners need to move their
maintenance systems from the traditional reactive systems to more cost-
effective proactive systems. Infrared Thermography is an ideal tool to aid
this transition. It is non-intrusive and the benefits of a well thought out and
executed monitoring program far outweigh the cost. The benefits of IR testing
include extended equipment life, decreased unscheduled shutdowns, reduced
risk of equipment failure, and increased performance.

Thus FLIR GF 309 provides innovative solutions to complex issues, suggest
management processes and procedures for optimizing efficiency, and proactive
approaches in helping to assess risks and hazards. The ability to image with
the FLIR GF 309 is changing the way inspectors work. Using FLIR GF 309, it
was able to complete the data collection at the plant quickly. After collecting
the data, processed it with FLIR Thermal Studio Pro software, producing highly
accurate, digital thermal images of the of the plant and its assets.
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ADNOQC Refining sites.

ADNOC is a leading diversified energy and petrochemicals group wholly
owned by the Emirate of Abu Dhabi. ADNOC Refining, a joint venture company
between ADNQC, Eni, and OMV, is among the largest and most sophisticated
on earth, located about 240 km West of Abu Dhabi City in Ruwais Industrial
Area of United Arab Emirates. Embraced with a strong commitment to
safety and operational excellence, the company operates in highly regulated
environments where effective asset integrity management is crucial for
ensuring the safety, reliability, and compliance of their production facilities.
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Images of routine infrared surveys for monitoring skin temperature of
radiant tubes at Crude Heater in Crude Distillation Unit.

Design Tube Skin Temperature: 474°C



operating day and night to convert the Emirate’s vast hydrocarbon reserves
into the essential high quality refining products, serving diverse industries that
energize economic activity at home and abroad.

T P Singh is working with Teledyne FLIR, as Senior Sales
Director for Emerging Countries, which include, India,
Middle East, Sub Sahara Africa, Turkey and CIS countries.
Mr. Singh has a professional work experience of 28 years
in field of Energy, Oil & Gas, Manufacturing and Security
sector. He has written many technical write ups on different
Thermal Imaging camera applications.

His academic qualification includes Engineering Degree in Electronics &
Telecommunication, Business Management course from Indian Institute of
Management, Calcutta, & Digital Marketing Course from DMI, Ireland.

6. ABOUT TELEDYNE FLIR

Teledyne FLIR designs, develops, manufactures, markets, and distributes
technologies that enhance perception and awareness. We bring innovative
sensing solutions into daily life through our thermal imaging, visible-light
imaging, video analytics, measurement and diagnostic and advanced threat
detection systems. Under this big basket of products, Teledyne FLIR has a
special product focusing on Oil & Gas - OGI cameras. TDY FLIR optical gas
imaging (OGI) cameras are used throughout the Oil and Gas industry to
visualize methane and other hydrocarbon emissions from the extraction,
transmission, and processing of petroleum and natural gas. Same technology
can also visualize SF6, Carbon Monoxide. These cameras visualize hundreds
of invisible gases, allowing inspectors, engineers, and maintenance crews to
identify leaks safely without having to shut down critical systems.

"‘ TELEDYNE

FLIR

www.teledyneflir.com

Teledyne FLIR, LLC

27700 SW Parkway Avenue
Wilsonville, OR 97070

USA

PH: +1 866.477.3687

Equipment described herein is subject
to US export regulations and may
require a license prior to export.
Images for illustration purpose only.
Diversion contrary to US law is
prohibited. ©2022 Teledyne FLIR, LLC.
All rights reserved. Created 10/2022



