WELK | REFERENCE GUIDE

Tunable Diode Laser
Analyzer

A practical guide to tunable diode laser analyzer, covering the reader intent, the
relationship to tunable diode laser analyzer, key evaluation criteria, common risks,
and the information the intended project audience should confirm before taking
the next step.

levelmeter.org
Main topic: Main Page
https://www.level-meters.com/

Welk Reference Guide 1



WELK REFERENCE GUIDE Tunable Diode Laser Analyzer

In the landscape of industrial process control and environmental monitoring, the
tunable diode laser analyzer (TDLA) has emerged as a cornerstone technology for
high-precision gas analysis. Unlike traditional extractive methods that often suffer
from slow response times and high maintenance requirements, TDLA systems offer
non-contact, real-time measurement capabilities. This technology, based on
Tunable Diode Laser Spectroscopy (TDLAS), allows for the detection of specific gas
concentrations even in the harshest industrial environments, such as
high-temperature combustion zones or corrosive chemical reactors.

For engineers and plant managers already utilizing advanced level measurement
technologies from the Main Page of their instrumentation providers, integrating gas
analysis via TDLA represents the next step in comprehensive process automation.
Understanding the physics, selection criteria, and installation nuances of these
analyzers is essential for ensuring long-term reliability and accuracy in B2B
applications ranging from power generation to petrochemical refining.

| Fundamental Principles of TDLAS

The operation of a tunable diode laser analyzer is rooted in the Beer-Lambert Law,
which describes the relationship between the absorption of light and the properties
of the material through which the light is traveling. In a TDLAS system, a diode
laser emits light at a specific wavelength that corresponds precisely to an
absorption line of the target gas molecule.

| The Absorption Phenomenon

Every gas molecule has a unique "fingerprint" of absorption lines in the infrared or
near-infrared spectrum. When the laser light passes through the gas, the
molecules absorb a portion of the energy at these specific wavelengths. The
analyzer measures the intensity of the light before and after it passes through the
process medium. The ratio of these intensities, combined with the known path
length and absorption coefficient, allows the system to calculate the gas
concentration.
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| Wavelength Tuning and Scanning

The "tunable" aspect of the technology refers to the ability to vary the laser's
wavelength by adjusting its operating temperature and injection current. By rapidly
scanning the laser across a narrow spectral range, the analyzer can capture the
entire shape of the absorption line. This scanning capability is critical because it
allows the system to differentiate the target gas from other background gases,
effectively eliminating cross-interference—a common failure point in
Non-Dispersive Infrared (NDIR) sensors.

| Key Components and System Architecture

A standard industrial tunable diode laser analyzer consists of several integrated
subsystems designed to withstand industrial rigors while maintaining optical
precision.

1. Laser Source: Typically a Vertical Cavity Surface Emitting Laser (VCSEL) or a
Distributed Feedback (DFB) laser. These sources provide the narrow linewidth
necessary for high selectivity.

2. Optical Assembly: This includes collimating lenses to align the beam and, in the
case of cross-stack analyzers, windows that separate the process environment
from the sensitive electronics.

3. Detector: A photodiode (often InGaAs for near-infrared) that converts the
remaining light energy into an electrical signal.

4. Signal Processing Unit: Advanced electronics that perform Second Harmonic
Detection (2f) or Direct Absorption calculations to filter out noise and determine
the concentration.

5. Purge System: A critical mechanical component that uses clean air or nitrogen
to keep the optical windows free from dust and condensation.
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| Selection Criteria for Industrial Gas Analysis

Selecting the correct tunable diode laser analyzer requires a detailed
understanding of the process conditions. Unlike level measurement where a single
radar unit might fit multiple tank types, TDLA systems are often gas-specific. The
following table provides a general guide for common gas species measured via
TDLAS in industrial settings.

Gas Species Typical Range Common Detection Limit
Applications

Oxygen (02) 0-25% Vol Combustion control, 0.01% Vol
Inerting

Ammonia (NH3) 0-100 ppm SCR/SNCR DeNOx 0.5 ppm

optimization

Moisture (H20) 0-500 ppm Natural gas quality, 1 ppm
Drying

Carbon Monoxide 0-10% Vol Safety monitoring, 10 ppm

(CO) Combustion

Hydrogen Chloride 0-50 ppm Incinerator emission 0.1 ppm

(HCI) monitoring

Methane (CH4) 0-100% LEL Leak detection, 50 ppm
Biogas

| Evaluation Factors

When evaluating a system, engineers must consider:

Optical Path Length: The distance between the transmitter and receiver. For
cross-stack applications, this can range from 0.5 meters to over 10 meters. Longer
paths generally offer lower detection limits but require more stable mounting.

Process Temperature: TDLAS can operate in environments exceeding 1,000°C, but
the absorption line strength changes with temperature. The analyzer must have
integrated temperature compensation.
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Process Pressure: High pressure causes "pressure broadening" of the absorption
lines, which the analyzer's software must be calibrated to handle.

| Installation and Maintenance Best Practices

The performance of a tunable diode laser analyzer is heavily dependent on the
guality of its installation. Since the measurement is optical, maintaining a clear line
of sight is paramount.

| Mounting and Alignment

For cross-stack installations, the transmitter and receiver units must be perfectly
aligned. Thermal expansion of the stack or vessel can cause misalignment over
time. It is recommended to use heavy-duty mounting flanges and, in some cases,
self-aligning mounts that can compensate for minor structural shifts. For
applications where the vessel diameter is small or alignment is difficult to
maintain, probe-style TDLA units (where the laser and detector are in a single
probe with a retro-reflector) are preferred.

| Purge Gas Management

To prevent process gases, soot, or moisture from fouling the optical windows, a
continuous purge is required. The purge gas (typically instrument air or nitrogen)
must be dry and oil-free. The flow rate should be sufficient to create a positive
pressure barrier without significantly diluting the gas being measured in the optical
path.

| Calibration and Validation

One of the primary advantages of TDLA is its stability. Many systems are designed
to operate for months or even years without a full calibration. However, periodic
validation using a flow-through calibration cell is recommended. This allows the
operator to introduce a known concentration of gas into a small chamber in the
optical path without interrupting the process.
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| Comparison with Traditional Analytical Technologies

To understand why a tunable diode laser analyzer is often the preferred choice in
modern B2B industrial environments, it is useful to compare it against legacy
technologies.

m TDLAS NDIR (Extractive) Zirconia (02 only)

Response Time < 2 seconds 30-60 seconds 5-15 seconds
Maintenance Very Low High (Filters/Pumps) Moderate
Selectivity Excellent (No Fair (Subject to Excellent
cross-interference) interference)
Installation In-situ (Direct) Extractive (Sampling In-situ
system)
Calibration Factory set, stable Frequent required Periodic required

The lack of a sampling system in TDLAS (in-situ) eliminates the most common
failure points in gas analysis: clogged filters, leaking sample lines, and pump
failures. This makes TDLA particularly attractive for safety-critical applications like
SIL-rated oxygen monitoring.

|Industria| Applications and Process Integration

| Combustion Optimization

In large-scale boilers and furnaces, measuring O2 and CO in the flue gas allows for
real-time adjustment of the air-to-fuel ratio. By minimizing excess air, plants can
significantly reduce fuel consumption and CO2 emissions. The high-speed response
of the tunable diode laser analyzer ensures that the control loop can react to rapid
changes in fuel quality or load.
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| Ammonia Slip Monitoring

In power plants using Selective Catalytic Reduction (SCR) to reduce NOx emissions,
ammonia is injected into the flue gas. "Ammonia slip" occurs when unreacted
ammonia passes through the system. TDLA is the industry standard for measuring
this slip in real-time, preventing the formation of ammonium bisulfate, which can
clog downstream equipment.

| Petrochemical Safety

In refinery flare headers or vapor recovery units, monitoring for oxygen ingress is
vital to prevent explosive atmospheres. The non-contact nature of TDLA ensures
that the sensor is not poisoned by sulfur compounds or heavy hydrocarbons, which
would quickly degrade electrochemical or catalytic sensors.

| Limitations and Mitigation Strategies

While highly versatile, TDLA is not a universal solution for every gas analysis
challenge. Engineers should be aware of the following limitations:

Particulate Loading: Extremely high dust concentrations (e.g., in a cement kiln) can
block the laser beam entirely. If the transmission drops below a certain threshold
(usually 5-10%), the measurement becomes unreliable. Mitigation involves using
high-flow purges or selecting a probe-style analyzer with a shorter path length.

Molecular Complexity: TDLAS works best on small, simple molecules (H20, NH3,
CO, CH4). Larger hydrocarbons have broad, overlapping absorption features that
are difficult to resolve with a narrow-linewidth laser.

Window Fouling: If the purge gas fails, the windows can become coated. Most
modern analyzers include a "transmission alarm" to alert operators when the
windows need cleaning before the measurement is lost.
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| Frequently Asked Questions (FAQ)

Q: Does a tunable diode laser analyzer require a heated sample line?

A: Generally, no. Most TDLA systems are installed in-situ, meaning the
measurement happens directly in the process pipe or stack. This eliminates the
need for heated sample lines and sample conditioning systems.

Q: How often does the laser diode need to be replaced?

A: Modern industrial-grade laser diodes have an expected lifespan of 5 to 10 years.
The system's internal diagnostics usually monitor the laser's health and provide
early warning of degradation.

Q: Can one TDLA measure multiple gases?

A: Some specialized units can measure two gases (e.g., 02 and Temperature, or
CO and CH4) if the absorption lines are close enough to be scanned by a single
laser or if the unit houses two separate laser diodes. However, most TDLAs are
optimized for a single species to ensure maximum accuracy.

Q: Is the measurement affected by changes in gas velocity?

A: No, TDLAS measures the concentration of molecules in the optical path. Gas
velocity does not impact the absorption of light, making it ideal for high-flow ducts.

| Conclusion

The tunable diode laser analyzer represents a significant leap forward in gas
sensing technology, providing the speed, accuracy, and durability required by
modern industrial processes. By eliminating the complexities of extractive
sampling and offering unparalleled selectivity, TDLA systems help facilities
improve safety, reduce emissions, and optimize efficiency. When integrated
alongside reliable level measurement solutions and other process instruments
found on the Main Page, TDLA provides the data-driven insights necessary for
sophisticated industrial automation. As with any precision instrument, success lies
in matching the specific spectral capabilities of the analyzer to the unique chemical
and physical demands of the process environment.
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