Level Transmitters

A practical guide to level transmitters, covering the reader intent, the relationship
to level transmitters, key evaluation criteria, common risks, and the information
the intended project audience should confirm before taking the next step.
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In modern industrial process control, the ability to monitor the volume, mass, or
height of substances within a vessel is fundamental to operational safety and
efficiency. Level transmitters are the sophisticated instruments responsible for
providing continuous, real-time data regarding the level of liquids, slurries, or
solids. Unlike level switches, which only indicate whether a material has reached a
specific point, level transmitters provide a constant signal—typically 4-20mA,
HART, or Modbus—that allows for precise inventory management and automated
process regulation.

Selecting the appropriate level measurement technology requires a deep
understanding of the physical properties of the media, the environmental
conditions of the vessel, and the specific requirements of the application. As a
professional manufacturer, Welk provides a comprehensive range of level
measurement solutions designed to meet the rigorous demands of water
treatment, chemical processing, and oil and gas industries. For engineers and
procurement specialists, evaluating these technologies begins with a clear
understanding of their underlying physical principles.

| Fundamental Measurement Principles

Level measurement technologies are generally categorized into contact and
non-contact methods. Each principle leverages different physical properties—such
as pressure, sound waves, or electromagnetic radiation—to determine the distance
to the material surface.

|1. Radar Level Measurement (ToF and FMCW)

Radar level transmitters utilize electromagnetic waves to measure distance. There
are two primary types: Guided Wave Radar (GWR) and Non-Contact Radar.
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Guided Wave Radar (Contact): This technology sends a low-energy microwave
pulse down a probe (cable or rod). When the pulse hits the media, the change in
the dielectric constant causes a reflection. The transmitter measures the Time of
Flight (ToF) to calculate the level. This method is highly effective in applications
with foam, steam, or turbulence, as the probe guides the signal directly to the
surface.

Non-Contact Radar: These devices emit a signal through the air. Modern
high-frequency systems (such as 80GHz) use Frequency Modulated Continuous
Wave (FMCW) technology. Instead of measuring a single pulse, the transmitter
emits a continuous signal with a varying frequency. The difference in frequency
between the emitted and received signal is proportional to the distance. This
allows for extreme accuracy, often within 2 mm (0.08 inches).

| 2. Ultrasonic Level Measurement

Ultrasonic transmitters operate by emitting high-frequency sound waves (usually
between 20 kHz and 200 kHz) from a transducer. The waves travel through the air,
bounce off the material surface, and return to the sensor. The distance is
calculated using the speed of sound: $Distance = (Speed of Sound \times Time) /

2%.

Because the speed of sound is affected by air temperature, these sensors include
integrated temperature compensation. However, they are sensitive to vacuum
conditions (where sound cannot travel) and heavy dust or foam, which can absorb
the acoustic signal.

| 3. Hydrostatic Level Measurement

Hydrostatic transmitters measure the pressure exerted by a liquid column due to
gravity. The principle is based on the formula: $P = \rho \times g \times h$, where
$P$ is pressure, $\rho$ is the density of the liquid, $g$ is gravity, and $h$ is the
height of the liquid.
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In vented (open) tanks, a simple submersible pressure transducer or a
flange-mounted transmitter at the bottom of the tank is used. In pressurized
vessels, a differential pressure (DP) transmitter is required to subtract the
headspace pressure from the total pressure at the bottom to isolate the liquid
level.

| 4. Magnetic Level Gauges and Transmitters

Magnetic level gauges utilize a float containing an internal magnet assembly that
rises and falls with the liquid level. This float travels inside a bypass chamber
connected to the vessel. Outside the chamber, a visual indicator (flaps or a
tracker) or a reed-chain transmitter senses the magnetic field. This provides both a
local visual reading and a remote electronic signal. This technology is preferred for
high-pressure or hazardous liquids where direct contact with the electronics must
be minimized.

| Technology Selection Table

Choosing the right instrument involves balancing performance requirements
against budget and installation constraints. The following table provides a general
comparison of the most common level transmitters.
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Technology Media Type Accuracy G EVEE] T[] Typical Limitations
Applications
Non-Contact Liquids/Solids  *2mm to 30m - 120m Chemical Low
Radar +10mm tanks, dielectric
corrosive materials
media
Guided Liquids/Slurries +2mm to 6m - 75m Small tanks, Probe
Wave Radar +5mm foaming fouling/coating
liquids
Ultrasonic Liquids/Solids  +0.25% of 0.25m - 20m Water Vacuum,
range treatment, foam, high
open dust
channels
Hydrostatic Liquids +0.1% to 1Im - 200m Deep wells, Density
+0.5% water changes
reservoirs affect
accuracy
Magnetic Liquids +=5mm to 0.3m - 6m Boilers, Moving
Gauge +10mm oil/gas parts,
separators buildup

| Key Evaluation Criteria for Selection

When specifying level transmitters for a project, several critical factors must be
confirmed to ensure long-term reliability:

1. Media Properties: Determine the dielectric constant (for radar), density (for
hydrostatic), and viscosity. Corrosive media may require PTFE or Hastelloy wetted
parts.

2. Process Conditions: Identify the maximum operating temperature and pressure.
For example, ultrasonic sensors are typically limited to temperatures below 80°C
(176°F), whereas specialized radar units can handle over 400°C (752°F).

3. Vessel Geometry: Internal obstructions like agitators, heating coils, or baffles
can interfere with non-contact signals. In such cases, Guided Wave Radar or a
stilling well may be necessary.
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4. Accuracy Requirements: For custody transfer or high-value chemical dosing,
high-precision radar is essential. For simple pump control in a wastewater sump,
hydrostatic or ultrasonic sensors are often more cost-effective.

To explore specific configurations and technical datasheets, engineers are
encouraged to Review product options and application support on the Welk Main
Page.

| Installation Considerations and Best Practices

Correct installation is as vital as selecting the right technology. Even the most
advanced transmitter will fail to provide accurate data if poorly positioned.

Nozzle Dimensions: For non-contact radar and ultrasonic sensors, the mounting
nozzle should be as short as possible. If a nozzle is too long or narrow, the signal
may reflect off the nozzle walls, creating a "false echo" near the top of the tank
(the dead zone or blanking distance).

Avoid the Center: In cylindrical tanks with domed tops, do not mount non-contact
sensors in the exact center. This can cause multiple reflections to converge,
amplifying noise. Conversely, avoid mounting too close to the tank wall to prevent
signal interference from weld seams or scales.

Inlet Interference: Never install a level transmitter directly above the material
inlet. The falling stream of liquid or solids will cause erratic readings and may
damage the sensor over time.

Submersible Venting: For hydrostatic transmitters used in deep wells, the cable
usually contains a small vent tube to compensate for changes in atmospheric
pressure. Ensure this tube is not kinked or blocked by moisture, as this will cause
significant measurement drift.

| Limitations and Common Risks

While modern level transmitters are highly robust, they are not universal solutions.
Understanding their limitations prevents costly downtime.
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The Dielectric Barrier: Radar relies on the reflectivity of the media. Materials with
very low dielectric constants (er < 1.4), such as certain liquefied gases or pure oils,
reflect very little energy. This may require the use of Guided Wave Radar with a
coaxial probe to concentrate the signal.

Vapor and Dust: Heavy steam or chemical vapors can change the speed of sound,
affecting ultrasonic accuracy. In such environments, radar is preferred because
electromagnetic waves are unaffected by gas composition. Similarly, extreme dust
in silos can attenuate ultrasonic signals but typically does not stop high-frequency
radar.

Build-up and Coating: In applications involving sticky resins or wastewater,
material can build up on the probe (GWR) or the transducer face (Ultrasonic). While
some transmitters feature "tank mapping" software to ignore static echoes from
build-up, manual cleaning or the use of non-contact radar with a flush-mounted
antenna may be required.

| Industry Applications

| Water and Wastewater

In this sector, cost-effectiveness and durability are key. Ultrasonic transmitters are
the standard for open channel flow measurement and pump station monitoring.
Hydrostatic sensors are frequently used for borehole level monitoring and large
reservoir management due to their ability to be submerged at great depths (up to
200m / 656ft).

| Chemical Processing

Chemical environments often involve aggressive acids or bases and pressurized
reactors. PTFE-coated radar transmitters are the preferred choice here, providing
non-contact measurement that isolates the electronics from the corrosive
atmosphere. For high-temperature reactors, magnetic level gauges provide a safe,
mechanical secondary indication.
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| Oil and Gas

Level measurement in the oil and gas industry often involves high pressures and
explosive atmospheres. Transmitters must carry ATEX or IECEX certifications.
Guided Wave Radar is extensively used in separators where it can measure both
the total level and the interface level between oil and water simultaneously.

| Frequently Asked Questions (FAQ)

Q: Can | use one transmitter for both liquid and solid measurement?

A: Some high-end radar transmitters are designed for both, but solids typically
require a higher power output and specialized beam angles to handle the uneven,
sloped surfaces of grain or minerals.

Q: What is the "Dead Zone"?

A: The dead zone (or blanking distance) is the area immediately below the sensor
where it cannot accurately measure. For ultrasonic sensors, this is usually 0.25m
to 0.5m (10" to 20"). For radar, it is much smaller, often only a few centimeters.

Q: How often do level transmitters need calibration?

A: Most digital transmitters (Radar/Ultrasonic) do not drift and rarely need
recalibration of the electronics. However, hydrostatic sensors may require annual
checks to account for diaphragm fatigue or changes in media density.

Q: Does the tank material affect the measurement?

A: For non-contact radar, a metal tank acts as a shield and reflects signals well. In
plastic or fiberglass tanks, the radar signal can actually pass through the tank wall,
which may require a mounting flange or a different frequency setting to ensure the
signal reflects off the media surface inside.

For further technical guidance on selecting the right instrumentation for your
specific process, visit the Welk Main Page to access our engineering support team
and product catalogs.



