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"The Future of Reliability"  

AI Tubular NDT 
Mohammed A. Abufour, Ahmed Y. Al-Hammali 

 

Heat exchangers are the unsung 
heroes of modern industry. From 
power generation and chemical 
processing to oil refining and HVAC 
systems, these vital assets enable the 
efficient transfer of thermal energy 
between fluids. They drive critical 
processes like cooling, heating, 
condensing, and evaporating—
functions that keep industrial 
operations running safely, efficiently, 
and profitably. 
 
Yet, despite their importance, heat 
exchangers and other tubular 
equipment remain highly vulnerable 
to reliability challenges. Tube 
degradation, corrosion, cracking, 
and blockages can compromise 
performance, lead to unplanned 
shutdowns, and create serious safety 
risks. For decades, industries have 
relied on Non-Destructive Testing 
(NDT) methods to monitor and 
assess the condition of tubular 
systems. Now, with the integration 
of artificial intelligence (AI) into 
tubular NDT, we are witnessing a 
true transformation: one where 
predictive insights, automation, and 
precision redefine how reliability is 
achieved. 

This is not just evolution—it is a 
revolution. The future of 
reliability is AI Tubular NDT. 

 
Why Tubular Equipment 
Reliability Matters 
 
In oil and gas facilities, power 
plants, and petrochemical 
complexes, tubular equipment is 
everywhere. Beyond shell-and-
tube heat exchangers, assets 
such as Fin Fan coolers, re-
boilers, and boilers play equally 
critical roles: 
 
• Fin Fan Coolers dissipate 

excess process heat in 
refineries and petrochemical 
plants. Tube blockages, 
fouling, or leaks can cripple 
throughput and efficiency. 

• Reboilers are the backbone of 
distillation processes, driving 
the separation of 
hydrocarbons. Tube failures 
here can lead to product 
quality issues, safety hazards, 
or full unit shutdowns. 

• Boilers supply the steam and 
heat energy essential for 
countless industrial operations. 
Tube leaks or ruptures pose 
both serious safety risks and 
costly downtime. 

 

In each case, tubes are the weak 
point. Corrosion, erosion, 
scaling, or mechanical wear 
gradually reduce tube integrity 
until failure occurs. A single tube 
leak may force an entire system 
offline, causing ripple effects 
across production and safety. 
 
Traditional maintenance 
approaches—such as fixed 
inspection intervals or reactive 
repairs—are no longer sufficient. 
They often result in premature 
replacement of healthy 
equipment or expose operators 
to unexpected failures. 
Optimizing tubular quality 
assurance is now a strategic 
imperative for safety, profitability, 
and sustainability. 
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The Power of Advanced 
Tubular NDT 
 
Non-Destructive Testing has long 
been the backbone of tubular 
equipment inspection. By 
enabling the detection of flaws 
without damaging the asset, 
NDT ensures that equipment 
remains both operational and 
reliable. Over the years, several 
advanced tubular NDT methods 
have emerged: 
 
• Eddy Current Array (ECA): 

Provides high-resolution 
imaging of corrosion, 
cracking, and pitting in non-
ferromagnetic tubes. 
 

• Magnetic Flux Leakage 
(MFL): Detects wall loss and 
defects in ferromagnetic 
tubes with excellent 
sensitivity. 

 
• Internal Rotary Inspection 

System (IRIS): Uses ultrasonic 
techniques to deliver accurate 
wall-thickness measurements. 

 
• Remote Field Testing (RFT): 

Effective for detecting defects 
in ferromagnetic materials. 
 

• Near Field Testing (NFT): 
Designed to detect wear and 
corrosion near support plates 
in condenser and cooler 
tubes. 
 

• Acoustic Pulse Reflectometry 
(APR): Uses acoustic signals to 
rapidly screen tube health, 
identifying blockages, leaks, 
and thinning in virtually any 
material type with minimal 
operator dependency. 

These methods are applied across 
heat exchangers, boilers, reboilers, 
and Fin Fan coolers, offering a 
detailed picture of tube health. 
They enable early detection of 
corrosion, wall thinning, scaling, or 
cracking, which minimizes 
unexpected failures and helps 
schedule proactive maintenance. 
 

The Dual Challenges of Tubular 
Reliability 
Maintaining heat exchangers, 
boilers, reboilers, and Fin Fan 
coolers comes with two persistent 
challenges: 

 
1. Detection of Surface Cracks in 

Hard-to-Inspect Areas 

Cracks near tube sheets, U-bends, 
and other constrained locations are 
particularly difficult to detect with 
traditional NDT methods. Stress 
concentration, thermal cycling, and 
flow-induced forces make these 
areas vulnerable. Undetected, even 
small cracks can propagate into 
catastrophic tube leaks or failures. 

2. Hard Scale and Fouling 

Over time, mineral deposits, 
corrosion products, and process 
fouling create hard scales that are 
extremely difficult to remove 
completely. These deposits not 
only reduce thermal efficiency but 
also interfere with accurate NDT 
readings, obscuring early-stage 
defects. 

Advanced NDT technologies, 
supported by AI and machine 
learning, are transforming how 
these challenges are managed: 
 
• AI-driven algorithms enhance 

defect recognition, filtering out 
noise caused by scale or fouling. 

• Machine learning models 
predict degradation trends in 
hard-to-access areas, enabling 
condition-based maintenance 
rather than reactive repairs. 

• Combined, these technologies 
optimize inspection 
performance, reliability, and 
operational efficiency, ensuring 
that critical flaws are detected 
early and maintenance is 
targeted where it matters most. 

 
By addressing both hidden cracks 
and fouling-related challenges, 
AI-powered tubular NDT sets a 
new standard for reliability across 
industrial plants. 
 

The AI Revolution in 
Tubular NDT 
While advanced NDT 
technologies generate enormous 
amounts of valuable data, the true 
challenge lies in interpreting it 
quickly, consistently, and 
accurately. Human inspectors, no 
matter how skilled, are limited by 
time and subjectivity. This is 
where AI and ML-driven NDT are 
changing the game. 
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By integrating AI into tubular 
inspection workflows, industries 
gain four transformative 
advantages: 
 
1. Automated Data Analysis 
 

AI and ML algorithms process 
complex NDT signals and images 
at lightning speed, detecting 
flaws, corrosion, and cracks—even 
in noisy or challenging 
environments. This reduces human 
error and standardizes results. 
 
2. Optimized Performance and 

Efficiency 
 

AI enhances the performance of 
methods like ECA, IRIS, and APR 
by refining defect recognition, 
compensating for scale or fouling, 
and delivering cleaner, more 
reliable results. This ensures no 
critical flaw goes unnoticed. 
 
3. Predictive Maintenance 
 

Beyond detection, AI forecasts 
degradation trends by analyzing 
historical inspection data and real-
time measurements. This 
predictive capability enables 
proactive maintenance—
extending asset life and improving 
safety. 
 
4. Smarter, Faster Decisions 
 

With AI, inspection data becomes 
actionable intelligence. Engineers 
and plant managers can 
immediately prioritize which tubes 
to plug, repair, or replace, 
optimizing both resources and 
uptime. 
 
The result is a leap in both 
reliability and efficiency. Boilers, 
reboilers, Fin Fan coolers, and heat 
exchangers inspected with AI-
powered tubular NDT are not just 
maintained—they are continuously 
managed for optimal performance. 

Industry-Wide Impact 
 
The adoption of AI tubular NDT, 
powered by methods like ECA, 
IRIS, and AET, has far-reaching 
implications across oil and gas 
and beyond: 
 
• Enhanced Safety: Early 

detection of tube degradation 
prevents leaks, ruptures, or 
explosions. 
 

• Operational Efficiency: 
Predictive insights ensure 
maintenance occurs only when 
needed, reducing labor and 
downtime. 
 

• Extended Asset Lifespan: 
Boilers, reboilers, and coolers 
can remain in service longer 
with fewer unplanned failures. 
 

• Sustainability: Extending 
equipment life reduces 
material waste and lowers 
environmental impact. 
 

• Global Standardization: AI 
ensures unbiased, repeatable 
results, raising the reliability 
benchmark industry-wide. 

 
For oil and gas plants, where 
reliability directly influences 
output and safety, AI tubular 
NDT is not an optional 
innovation—it is mandatory for 
the future. 

From Today to Tomorrow 
 
The trajectory is clear. As AI and 
ML mature, tubular NDT will 
evolve from inspection to real-
time reliability management. 
Sensors, digital twins, and AI-
powered analytics will 
continuously monitor tube health 
across boilers, reboilers, Fin Fan 
coolers, and heat exchangers. 
Operators will gain instant 
visibility into asset conditions, 
supported by automated 
recommendations for repair or 
replacement. 
 
In this future, reliability will not 
be reactive—it will be 
engineered certainty, powered 
by AI, data, and automation. 
 
From heat exchangers to boilers, 
reboilers, and Fin Fan coolers, 
tubular equipment forms the 
backbone of industrial 
operations. Their reliability has 
always been threatened by 
corrosion, cracking, and wear, 
particularly in hard-to-inspect 
areas like U-bends and tube 
sheets, as well as from hard scale 
and fouling. Advanced NDT 
techniques—ECA, MFL, IRIS, and 
AET—have greatly improved 
detection and prevention, but 
their power is amplified by AI 
and ML. 
 
AI tubular NDT is not just an 
upgrade; it is a catalyst for next-
generation reliability. By 
overcoming traditional 
challenges, automating defect 
recognition, and enabling 
predictive maintenance, 
industries can achieve what they 
have long pursued: safer 
operations, reduced costs, 
extended equipment life, and 
optimized performance. 


