Vertical Level

A practical guide to vertical level, covering the reader intent, the relationship to
vertical level, key evaluation criteria, common risks, and the information the
intended project audience should confirm before taking the next step.
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In the context of industrial process control, vertical level measurement refers to
the precise determination of the height of a substance—be it liquid, slurry, or
granular solid—within a vessel along a vertical axis. This measurement is
fundamental to inventory management, process safety, and operational efficiency
across industries ranging from chemical processing and water treatment to oil and
gas. Achieving an accurate vertical level reading requires a deep understanding of
the physical properties of the media, the geometry of the storage container, and
the specific operating principles of the instrumentation employed.

Selecting the appropriate technology for vertical level monitoring is not a
one-size-fits-all endeavor. Engineers must evaluate variables such as dielectric
constants, vapor pressure, temperature fluctuations, and the presence of internal
obstructions like agitators or heating coils. This guide provides a technical
overview of common measurement principles, selection criteria, and installation
best practices to ensure reliable performance in demanding industrial
environments.

|Principles of Vertical Level Measurement

Industrial level sensors operate on various physical principles, generally
categorized into contact and non-contact methods. Each principle has distinct
advantages depending on the vertical level range and environmental conditions.

| Radar Level Measurement (Non-Contact)

Radar level meters, particularly those utilizing Frequency Modulated Continuous
Wave (FMCW) technology, are the gold standard for high-accuracy vertical level
detection. These devices emit a high-frequency signal (often 26GHz or 80GHz) that
travels to the surface of the medium and reflects back. The sensor calculates the
distance based on the time-of-flight or frequency shift. Because radar waves do not
require a medium for travel, they are unaffected by vacuum, high pressure, or
temperature variations in the vapor space.
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|UItrasonic Level Measurement (Non-Contact)

Ultrasonic sensors utilize sound waves to detect the vertical level. The transducer
emits an ultrasonic pulse that reflects off the material surface. While cost-effective
and reliable for water and wastewater applications, ultrasonic measurement is
sensitive to the speed of sound, which changes with air temperature. Most modern
sensors include integrated temperature compensation to maintain accuracy across
shifting ambient conditions.

|Hydrostatic Level Measurement (Contact)

Hydrostatic transmitters measure the pressure exerted by a liquid column. The
principle is based on the formula $P = \rho gh$, where $P$ is pressure, $\rho$ is
the density of the liquid, $g$ is gravity, and $h$ is the vertical height. This method
is highly effective for vented tanks where the density of the liquid remains
constant. For pressurized tanks, a differential pressure (DP) approach is required to
subtract the overhead gas pressure from the total pressure at the bottom.

|Magnetic Level Gauges (Contact)

These instruments use a float containing an internal magnet that moves vertically
with the liquid level. As the float moves, it toggles magnetic flags or interacts with
a reed switch string or magnetostrictive probe. This provides a clear visual
indication and a continuous electronic signal without the electronics being in direct
contact with the process media.

| Choosing the Right Vertical Level Technology

Selecting a sensor requires matching the instrument's strengths to the
application's constraints. The following table serves as a practical selection
reference for engineering teams.
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80GHz Radar
precision,
liquids/solids
Ultrasonic Water treatment,
open channels,
sumps

Hydrostatic Deep wells,

pressurized tanks,

constant density

Magnetic Gauge High-pressure

boilers, toxic

Small nozzles, high

High initial cost

Affected by foam,
heavy dust, and
vacuum

Sensitive to density
changes

Moving parts can
scale or clog

+1 mm (0.04 in)

+0.25% of range

+0.1% to 0.5% span

+5 mm (0.2 in)

chemicals

Guided Wave Radar Low dielectric
liquids, interface

measurement

Contact probe +2 mm (0.08 in)

subject to
coating/corrosion

When evaluating these options, it is helpful to Review product options and
application support to ensure the selected hardware meets the specific chemical
compatibility requirements of your facility.

| Key Evaluation Criteria for Industrial Applications

To ensure a successful vertical level installation, engineers must confirm several
critical parameters before procurement.

| 1. Media Characteristics

Dielectric Constant (er): For radar and guided wave radar, the reflectivity of the
sighal depends on the dielectric constant. Low er materials (like oils) reflect less
energy than high er materials (like water).

Viscosity and Coating: If a medium is prone to build-up, non-contact methods are
preferred to prevent sensor fouling.
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Corrosivity: Ensure that wetted parts, such as stainless steel 316L, Hastelloy, or
PTFE, are compatible with the chemical composition of the fluid.

| 2. Process Conditions

Temperature and Pressure: Standard ultrasonic sensors are limited to
approximately 2 bar (29 psi) and 80°C (176°F), whereas radar sensors can handle
extremes exceeding 100 bar (1450 psi) and 450°C (842°F).

Turbulence and Foam: Heavy foam can absorb ultrasonic and radar signals. In
such cases, hydrostatic or guided wave radar (which uses a physical probe to
guide the signal) may be more effective.

| 3. Vessel Geometry

Height (Range): Some sensors are optimized for short ranges (under 5 meters /
16.4 feet), while high-power radar can measure vertical levels up to 120 meters
(393.7 feet) in large silos.

Internal Obstructions: Agitators, ladders, and baffles can create false echoes.
Sensors with advanced software for "false echo suppression" are necessary in
complex tank environments.

| Installation Considerations for Vertical Level Sensors

Correct installation is as vital as selecting the right technology. Even the most
advanced sensor will fail if positioned incorrectly.

| Mounting Position

The sensor should typically be mounted at 1/4 to 1/3 of the tank diameter away
from the wall. Mounting too close to the wall can result in interference from the
tank shell, while mounting in the exact center can lead to multiple reflections
(standing waves) in dome-top tanks.
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| Nozzle Design

For radar and ultrasonic sensors, the nozzle height and diameter must allow the
signal beam to clear the bottom of the nozzle. If the nozzle is too narrow or too
long, the signal will reflect off the nozzle interior, creating a "dead zone" or blind
spot at the top of the measurement range. This is often referred to as the blocking
distance.

| Vertical Alignment

For vertical level accuracy, the sensor must be mounted perfectly perpendicular to
the liquid surface. A tilt of even a few degrees can significantly reduce the signal
strength returned to the transducer, especially in solids measurement where the
material forms a repose angle. Aiming flanges or swivel mounts are often used in
silos to optimize the signal return.

| Common Risks and Limitations

Understanding the failure modes of vertical level instrumentation helps in
developing a robust maintenance and safety plan.

Vapor and Condensation: In high-humidity environments, condensation can form
on the sensor face. While many radar sensors use PTFE lenses to shed droplets,
heavy buildup can still attenuate the signal. Integrated purging systems using
compressed air may be required.

Dust and Solids: In powder or grain silos, dust clouds can interfere with ultrasonic
signhals. Radar is generally immune to dust, but the angle of repose of the solid
material must be considered, as the sighal may reflect away from the sensor if the
surface is steeply angled.

Density Fluctuations: Hydrostatic sensors rely on a constant density. If the
temperature of the liquid changes significantly, or if different products are stored
in the same tank, the pressure-to-level conversion will be inaccurate unless a
density compensation algorithm or a secondary sensor is used.
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| Frequently Asked Questions (FAQs)

Q: How do | measure vertical level in a tank with heavy agitation?

A: For agitated liquids, Guided Wave Radar (GWR) or a bypass chamber (stillpipe)
is recommended. The probe or pipe acts as a shield, providing a calm surface for
the measurement even while the main tank volume is turbulent.

Q: What is the "Dead Zone" in level measurement?

A: The dead zone, or blocking distance, is the area directly below the sensor where
it cannot accurately measure. This is caused by the time required for the
transducer to switch from transmitting to receiving. It typically ranges from 5 cm to
50 cm depending on the frequency and technology.

Q: Can | use one sensor for both liquid and interface measurement?

A: Yes, Guided Wave Radar is specifically designed for this. It can detect the
vertical level of a top layer (e.g., oil) and the interface level of a bottom layer (e.g.,
water) simultaneously, provided the top layer has a lower dielectric constant than
the bottom layer.

| Summary for Engineering Teams

Achieving reliable vertical level measurement requires a systematic approach to
instrument selection and installation. By prioritizing the physical properties of the
media and the specific constraints of the vessel, engineers can minimize downtime
and prevent costly overflows or dry-run conditions.

For those seeking comprehensive technical specifications and a wider range of
industrial measurement tools, visit the Main Page of Welk's product catalog. Proper
planning at the specification stage ensures that the vertical level system remains
accurate, safe, and maintenance-free for years of service.



