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In the landscape of modern industrial process control, the ability to monitor gas
concentrations with high precision and minimal delay is critical for safety,
efficiency, and environmental compliance. Tunable Diode Laser Absorption
Spectroscopy (TDLS) has emerged as a premier technology for these
requirements. A tdls analyzer provides a non-contact, high-speed solution for
measuring specific gas species even in the most challenging process
environments, such as those characterized by high temperatures, high pressures,
or corrosive atmospheres.

While industrial facilities often focus heavily on liquid or solid level
measurement—utilizing technologies available on the Main Page—the composition
of the gas phase above those materials is equally vital. This article provides a
comprehensive technical overview of TDLS technology, its selection criteria, and
its practical application alongside traditional industrial instrumentation.

| Measurement Principles of TDLS

The fundamental principle behind a tdls analyzer is the Beer-Lambert Law, which
describes how light is absorbed as it passes through a gas medium. Unlike
broad-spectrum infrared analyzers, TDLS utilizes a semiconductor laser as its light
source. This laser is "tunable," meaning its output wavelength can be precisely
controlled by varying its injection current and operating temperature.

|The Absorption Fingerprint

Every gas molecule has a unique set of absorption lines—essentially an optical
fingerprint. The TDLS laser is tuned to scan across a single, isolated absorption line
of the target gas (such as Oxygen, Ammonia, or Carbon Monoxide). Because the
laser's spectral width is extremely narrow (typically less than 0.0001 nm), it can
target a specific gas without interference from other gases present in the process
stream.

| Signal Processing Techniques

There are two primary methods used to extract concentration data from the
absorption signal:
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1. Direct Absorption Spectroscopy: The laser scans across the absorption peak,
and the analyzer measures the reduction in light intensity reaching the detector.
This is straightforward but may lack sensitivity at very low concentrations.

2. Wavelength Modulation Spectroscopy (WMS): A high-frequency modulation is
added to the laser's scan. By using phase-sensitive detection (lock-in
amplification), the analyzer can filter out background noise and significantly
improve the sighal-to-noise ratio, allowing for the detection of trace gas levels
(parts per billion or low parts per million).

| Key Components of a TDLS System

A standard tdls analyzer typically consists of three main modules:

Transmitter Unit: Houses the tunable diode laser, the drive electronics, and the
temperature control system (often a Thermo-Electric Cooler or TEC).

Receiver Unit: Contains a photodiode detector and pre-amplification electronics to
capture the light that has passed through the process.

Central Processing Unit: Interprets the detector signals, performs the necessary
calculations using the Beer-Lambert Law, and provides outputs (4-20mA, Modbus,
or Ethernet) to the plant’s control system.

| Selection Criteria for Industrial Applications

Choosing the right tdls analyzer requires a detailed understanding of the process

conditions. Engineers must evaluate several factors to ensure the instrument
provides reliable data over its service life.

|Selection Table: Common TDLS Applications
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Target Gas Typical Range Common Critical Selection
Application Factor

Oxygen (02) 0-25% or 0-1% Combustion control / Temperature and
Inerting pressure

compensation

Ammonia (NH3) 0-100 ppm DeNOx (SCR/SNCR) Path length and dust
loading
Moisture (H20) 0-500 ppm Natural gas quality / Avoidance of
Drying condensation on
optics
Carbon Monoxide 0-1000 ppm Safety monitoring / Presence of high
(CO) Combustion particulate matter
Methane (CH4) 0-100% Biogas / Flare gas Cross-interference
monitoring with other
hydrocarbons
Hydrogen Chloride 0-50 ppm Waste incineration Corrosion resistance
(HCI) emissions of wetted parts

| Path Length and Sensitivity

The "path length" is the distance the laser beam travels through the gas. According
to the Beer-Lambert Law, a longer path length increases the total absorption,
which improves sensitivity for low-concentration measurements. In large stacks or
ducts (e.g., 5 to 10 meters wide), TDLS is highly effective. For smaller pipes, a
folded-path probe or an extractive cell may be required to achieve the necessary
sensitivity.

| Installation Considerations and Configurations

Proper installation is the single most important factor in the long-term success of a
tdls analyzer. There are two primary physical configurations: cross-stack and
probe-style.
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| Cross-Stack Configuration

In this setup, the transmitter and receiver are mounted on opposite sides of a duct
or vessel. The laser beam travels directly through the process gas.

Advantage: Provides a path-averaged measurement, which is more representative
of the total flow than a single-point measurement.

Challenge: Requires precise mechanical alignment. Thermal expansion or vibration
of the duct can cause the beam to drift, leading to signal loss.

| Probe-Style Configuration

Both the laser and detector (or a reflecting mirror) are housed in a single probe
assembly that is inserted into the process through a single flange.

Advantage: Easier to install and maintain; no alignment issues between two
separate units.

Challenge: Limited path length and potential for the probe to interfere with the
process flow or become coated in high-dust environments.

| Purging Systems
To prevent process gases, moisture, or dust from fouling the optical windows, a
continuous purge of clean, dry air or nitrogen is usually required. The purge flow

rate must be carefully balanced; too low, and the windows become dirty; too high,
and the purge gas may dilute the sample gas, leading to inaccurate readings.

| Limitations and Challenges

While highly versatile, the tdls analyzer is not a universal solution for every gas
measurement task. Engineers should be aware of the following limitations:
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1. Particulate Loading: Extremely high dust or soot concentrations can block the
laser light entirely. While TDLS can typically handle up to 90% light obscuration,
beyond that point, the sighal-to-noise ratio drops too low for accurate
measurement.

2. Temperature and Pressure Limits: While TDLS can operate at temperatures
exceeding 1,000°C, the absorption line shape changes with temperature and

pressure (broadening). The analyzer must have integrated sensors or receive
external inputs to compensate for these physical changes.

3. Single-Gas Focus: Most TDLS units are designed to measure one or two specific
gases. If a facility needs to monitor a wide array of different chemical species,
multiple analyzers or a different technology (like FTIR) might be more
cost-effective.

| Relationship with Level Measurement Systems

In many industrial settings, gas analysis and level measurement are
complementary functions. For example, in a chemical storage tank, a Welk radar
level meter provides the volume of the liquid, while a tdls analyzer monitors the
oxygen concentration in the vapor space to prevent explosive conditions.

Furthermore, gas composition can directly impact the accuracy of certain level
measurement technologies. Ultrasonic level sensors are particularly sensitive to
the medium through which the sound waves travel. If the gas composition
changes—for instance, an increase in CO2 or methane—the speed of sound shifts,
which can lead to significant errors in level readings. By integrating data from a
tdls analyzer into the control logic, plants can apply real-time compensation to
their level instruments, ensuring the highest possible accuracy for both volume
and safety monitoring. For more information on selecting the right level
instruments for these integrated environments, refer to the Main Page.

|Frequent|y Asked Questions (FAQs)

Q: How often does a tdls analyzer require calibration?
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A: One of the primary benefits of TDLS is its inherent stability. Because the laser is
locked to a specific absorption line of the target molecule, the "zero" point does
not drift like it does in electrochemical or zirconia sensors. Many users find that a
calibration check once every 6 to 12 months is sufficient, depending on the
criticality of the application.

Q: Can TDLS measure gases in liquids?

A: No, TDLS is a gas-phase measurement technology. The laser light must be able
to pass through the medium. However, it can be used to measure gases stripped
from a liguid sample in an extractive system.

Q: What is the typical response time?

A: In a cross-stack configuration, the response is nearly instantaneous (typically 1
to 5 seconds), as there is no sample transport or conditioning system involved.
This makes it ideal for safety-critical applications like combustion control.

Q: Is a tdls analyzer suitable for hazardous areas?

A: Yes, most industrial TDLS units are available with explosion-proof or intrinsically
safe certifications (such as ATEX, IECEX, or Class | Div 1) suitable for use in
refineries and chemical plants.

| Conclusion

The tdls analyzer represents a significant advancement in industrial gas sensing,
offering a combination of speed, selectivity, and low maintenance that traditional
extractive systems cannot match. By understanding the optical principles and the
specific requirements of the installation site—including path length, purging needs,
and environmental compensation—engineers can implement a solution that
significantly enhances process safety and efficiency. When combined with robust
level measurement solutions, such as those detailed on the Main Page, TDLS
technology provides a comprehensive view of the process environment, enabling
smarter, safer, and more profitable industrial operations.

Welk Reference Guide 7



