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In the landscape of industrial process control, the conductive sensor—often
referred to as a conductivity level switch—represents one of the most reliable and
cost-effective methods for point level detection in conductive liquids. Unlike
continuous measurement technologies like radar or ultrasonic sensors, a
conductive sensor is designed to detect the presence or absence of a medium at a
specific height. This makes them indispensable for overfill protection, pump
control, and dry-run prevention in industries ranging from water treatment to food
and beverage processing.

Welk, a professional manufacturer of industrial level measurement instruments,
provides a wide range of level switches and transmitters. For engineers and facility
managers, understanding the specific electrical requirements and physical
limitations of conductive technology is essential for ensuring long-term system
stability. This guide explores the measurement principles, selection criteria, and
installation best practices for the modern conductive sensor.

| Measurement Principles of Conductive Sensors

The operation of a conductive sensor is based on the electrical conductivity of the
process medium. The system typically consists of a set of electrodes (probes) and
an electronic evaluation unit (an amplifier or relay).

| The Electrical Circuit

When the liquid level is low, the electrodes are separated by air, which acts as an
insulator. The circuit remains open, and no current flows. As the liquid level rises
and makes contact with the electrodes, the liquid acts as a conductor, closing the
electrical circuit between the sensing electrode and a reference electrode (or the
metallic tank wall).

This change in resistance is detected by the evaluation unit, which then triggers a
switching output, such as a relay or a transistor signal. To prevent electrolysis and
the subsequent buildup of deposits or corrosion on the probes, most industrial
conductive sensors utilize a low-voltage Alternating Current (AC) rather than Direct
Current (DC).
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| Sensitivity and Thresholds

The effectiveness of the sensor depends on the conductivity of the liquid,
measured in Siemens per meter (S/m) or more commonly Microsiemens per
centimeter (uS/cm). Most industrial conductive sensors allow for sensitivity
adjustment, enabling them to distinguish between the actual liquid level and
environmental factors like high humidity or light foam. Generally, a minimum
conductivity of 5 uS/cm to 10 pS/cm is required for reliable operation, making
these sensors unsuitable for hydrocarbons, oils, or ultrapure distilled water.

| Technical Components and Configurations

A conductive sensor system is rarely a single component but rather an assembly
tailored to the specific geometry of the vessel and the nature of the fluid.

| 1. Electrode Probes

Electrodes are available in several forms depending on the installation depth:

Rod Electrodes: Best for short to medium distances, typically up to 3 meters
(approx. 10 ft). These are rigid and can be coated with insulation (like PTFE) to
prevent short circuits if they come into contact with one another.

Cable/Suspension Electrodes: Used for deep wells or large reservoirs where rod
electrodes would be too heavy or impractical to ship. These are weighted to
ensure they hang vertically.

| 2. The Reference Electrode

For the circuit to complete, a reference point is required. In metallic tanks, the tank
wall itself often serves as the ground or reference. In non-metallic tanks (plastic,
fiberglass, or concrete), an additional "reference electrode" must be installed,
usually extending slightly deeper than the lowest sensing electrode to ensure a
constant return path for the current.
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| 3. Multi-Point Detection

A single probe head can often accommodate multiple electrodes of varying
lengths. This allows a single conductive sensor installation to manage multiple
functions, such as:

High-level alarm (Overfill prevention).
Pump start (Upper limit).
Pump stop (Lower limit).

Low-level alarm (Dry-run protection).

| Practical Selection Criteria

Choosing the right conductive sensor requires an analysis of the chemical and
physical properties of the process. The following table provides a general guideline
for selecting materials based on the application environment.
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Material Options Typical Application

Electrode Rod Stainless Steel (304/316L) General water, mild
chemicals, food industry

Titanium / Hastelloy Highly corrosive acids or
seawater
Graphite Specific high-temperature

chemical processes

Insulation Polypropylene (PP) Standard temperatures up to
80°C (176°F)

PTFE (Teflon) High temperature (up to
150°C/302°F) and chemical
resistance

Ceramic Extreme temperature or

high-pressure environments

Process Connection G1/2", G1", NPT, Flanged Depends on vessel pressure
and mounting requirements

| Conductivity Requirements

Before specifying a conductive sensor, verify the conductivity of the medium.

High Conductivity (>100 uS/cm): Tap water, wastewater, acids, alkalis, and milk.
These are ideal for conductive sensing.

Low Conductivity (20-100 pS/cm): Some industrial process waters or condensate.
Requires high-sensitivity controllers.

Non-Conductive (<1 uS/cm): Deionized water, diesel, gasoline, and most oils.
These require capacitive or ultrasonic technology instead.

For a broader overview of different measurement technologies and to find the right
fit for your specific fluid type, you may visit the Main Page for detailed technical
specifications and product comparisons.
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| Installation and Engineering Considerations

Correct installation is paramount to preventing false triggers and ensuring the
longevity of the conductive sensor. Engineers should adhere to the following best
practices:

| Mounting Position

Sensors should be mounted vertically from the top of the tank. While horizontal
mounting is possible for single-point detection, it is prone to "bridging"—where a
film of liquid remains between the electrode and the tank wall after the level has
dropped, causing a false "full" signal.

| Avoiding Interference

Agitators and Turbulence: If the tank has an agitator, electrodes should be
installed within a stilling well (a bypass pipe) to prevent mechanical damage and to
ensure the liquid surface is stable at the point of measurement.

Inflow Streams: Never install a conductive sensor directly in the path of an
incoming liquid stream. The splashing will cause rapid switching (chatter) of the
relay.

Electrode Spacing: If using multiple uninsulated rods, ensure they are spaced far
enough apart that they do not touch due to vibration or fluid movement. Using
spacers or insulated rods is recommended for lengths exceeding 1 meter (3.3 ft).

| Grounding

In non-conductive tanks, the reference electrode must be connected to the
common terminal of the controller. In conductive metal tanks, the tank should be
properly grounded to the controller to ensure a stable signal path.
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| Limitations and Common Risks

While the conductive sensor is a robust tool, it is not a universal solution.
Understanding its limitations prevents costly downtime.

1. Build-up and Coating: If the liquid is viscous or prone to crystallization (e.g.,
heavy syrups or concentrated slurries), a layer of material may coat the electrode.
This coating can remain conductive even when the tank is empty, leading to false
positives. In these cases, a vibration level switch or a capacitive sensor with
"active shield" technology may be more appropriate.

2. Foam Presence: Conductive sensors will detect foam if the foam is sufficiently
conductive. Depending on the application, this might be a benefit (detecting
foam-over) or a drawback (false high-level alarm). Sensitivity adjustments on the
relay can sometimes mitigate this.

3. Electrode Corrosion: Even stainless steel can corrode in the presence of
aggressive chlorides or specific acids. Always match the electrode metallurgy to
the chemical compatibility of the fluid.

4. Vessel Pressure: Standard conductive probes are often rated for atmospheric or
low-pressure vessels. For high-pressure boilers, specialized ceramic-insulated
probes must be used.

| Applications in Industry

| Water and Wastewater Treatment

Conductive sensors are the standard choice for sump pump control and sewage lift
stations. Their ability to handle multiple setpoints with a single probe head
simplifies the wiring and installation in confined spaces.
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| Food and Beverage

In the production of soft drinks, beer, and dairy products, conductive sensors are
used for phase separation (detecting the interface between water and product)
and for monitoring CIP (Clean-In-Place) solutions. Stainless steel probes with
food-grade tri-clamp fittings ensure compliance with hygiene standards.

| Chemical Dosing

Small-scale chemical tanks used for water treatment or industrial cleaning often
utilize conductive sensors to signal when a drum is empty, preventing pumps from
running dry and introducing air into the system.

| Frequently Asked Questions (FAQ)

Q: Can | use a conductive sensor for oil-water interface detection?

A: Yes. Since oil is non-conductive and water is conductive, the sensor will trigger
only when the water level reaches the probe. This is a common method for
detecting water contamination in oil sumps.

Q: How often do the electrodes need cleaning?

A: This depends entirely on the medium. In clean water applications, they may last
years without maintenance. In wastewater or scaling environments, monthly
inspections may be required to remove debris or lime scale.

Q: What is the maximum length for a conductive probe?

A: For rod electrodes, the practical limit is usually 3 to 4 meters (10-13 ft) due to
weight and stability. For deeper applications, cable-suspended electrodes can
reach 20 meters (65 ft) or more.

Q: Can | cut the electrodes to length on-site?
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A: Most rod-style conductive sensors are designed so the rods can be trimmed to
the exact required height during installation. However, if the rods are coated for
insulation, the ends must be stripped properly to ensure electrical contact with the
liquid.

By carefully evaluating the conductivity of the medium and the physical
requirements of the vessel, engineers can leverage the conductive sensor as a
high-reliability, low-maintenance solution for point level control. For more complex
applications involving continuous level monitoring or non-conductive fluids,
exploring a wider range of level measurement solutions is recommended to ensure
the highest level of process safety and accuracy.
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