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In the landscape of industrial automation and process control, the accurate
measurement of liquid levels is a fundamental requirement. Among the various
technologies available, the use of a pressure transmeter—technically referred to
as a pressure transmitter—remains one of the most reliable and cost-effective
methods for determining fluid levels in both open and closed vessels. By
converting the physical force of liquid weight into an electrical signal, these
instruments provide the data necessary for inventory management, pump control,
and safety monitoring.

For engineers and procurement professionals, understanding the nuances of
pressure-based level measurement is essential for optimizing system performance.
As a professional manufacturer, Welk provides a comprehensive range of level
measurement solutions, including radar, ultrasonic, and hydrostatic instruments.
You can explore our full catalog and technical specifications on our Main Page.

| The Physics of Pressure-Based Level Measurement

The operation of a pressure transmeter in level applications is governed by the
principle of hydrostatic pressure. This principle states that the pressure exerted by
a static liquid at a specific depth is directly proportional to the height of the liquid
column above it, provided the density of the fluid remains constant.

| The Hydrostatic Equation

The relationship is defined by the following formula:
P=pxgxh

Where:

P is the hydrostatic pressure (measured in Pascals or Bar).

p (rho) is the density of the liquid (kg/ms3).

g is the acceleration due to gravity (approximately 9.81 m/s?).

h is the height of the liquid column (meters).
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In practical application, the pressure transmeter measures the force (P) at a fixed
point (usually the bottom of the tank). Since gravity is a constant and the density
of the medium is typically known, the transmitter's internal electronics or the
control system (PLC/DCS) can calculate the height (h) with high precision.

|Atmospheric Compensation

In open tanks or vented vessels, atmospheric pressure acts on the surface of the
liquid and the back of the sensor diaphragm simultaneously. To ensure accuracy,
the instrument must compensate for this atmospheric pressure. This is achieved
through a vented cable in submersible models or a reference port in external units,
ensuring that the output signal represents only the pressure generated by the
liquid height.

| Types of Pressure Transmeters for Level Applications

Selecting the correct hardware configuration is the first step in ensuring long-term
reliability. Pressure transmitters for level measurement generally fall into three
categories based on their installation and sensor design.

| 1. Submersible Pressure Transmitters

These are designed to be lowered directly into the liquid. The sensor is housed in a
hermetically sealed stainless steel body, and the electrical connection is made via
a specialized cable that includes a hollow vent tube for atmospheric reference.
These are ideal for deep wells, boreholes, and large wastewater sumps where
external mounting is impractical.

|2. Externally Mounted (Threaded or Flanged)

These units are installed on the outside of the tank near the bottom. The liquid
enters the sensor through a process connection (such as a 1/2" NPT thread or a
DN50 flange). These are preferred for industrial tanks where the instrument needs
to be accessible for maintenance without entering the vessel.
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|3. Differential Pressure (DP) Transmitters

In pressurized or vacuum-sealed tanks, the pressure above the liquid is not
atmospheric. A standard pressure transmeter would provide an incorrect reading
because it cannot distinguish between the liquid's weight and the gas pressure. A
DP transmitter measures the difference between the bottom pressure (liquid +
gas) and the top pressure (gas only), effectively canceling out the gas pressure to
reveal the true liquid level.

| Technical Selection Criteria

When specifying a pressure transmeter for a project, several technical parameters
must be evaluated to ensure compatibility with the process environment.

| Media Compatibility and Material Science

The wetted parts of the transmitter must withstand the chemical properties of the
liquid. Standard 316L stainless steel is suitable for water and mild oils. However,
aggressive chemicals require specialized materials:

Ceramic Diaphragms: Highly resistant to abrasion and many corrosive acids.
Hastelloy C or Tantalum: Used for high-concentration acids or chlorides.

PTFE/FEP Coatings: Often used for submersible cables in chemical storage to
prevent jacket degradation.

| Pressure Range and Overpressure Protection

The transmitter's range should be selected to match the maximum height of the
tank. For example, a 10-meter water tank exerts approximately 1 bar of pressure.
Selecting a 1.6 bar transmitter provides a good balance between resolution and
safety margin. It is also vital to check the "overpressure limit" to ensure the sensor
is not damaged by sudden surges or pump-start pressure spikes.
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| Signal Output and Communication

In modern industrial automation, the 4-20mA analog sighal remains the standard
due to its robustness over long distances. However, digital protocols are
increasingly common:

HART Protocol: Allows for remote calibration and diagnostics over the existing
4-20mA loop.

RS485/Modbus: Ideal for multi-drop networks where multiple sensors are
connected to a single controller.

| Comparison Table: Selection Framework

Submersible External Gauge Differential
Transmitter Transmitter Pressure (DP)
Best Use Case Deep wells, Industrial tanks, silos Pressurized/Vacuum
reservoirs, sumps vessels
Installation Dropped from top Side-mounted Top and bottom
(bottom) connections
Maintenance Easy to pull up Requires tank Complex
drainage/valves piping/manifolds
Cost Low to Moderate Moderate High
Atmospheric Ref. Vent tube in cable Internal Reference port to
vent/Atmospheric tank top

| Installation Considerations and Best Practices

Even the highest quality pressure transmeter will fail or provide inaccurate data if
installed incorrectly. Follow these engineering guidelines to ensure optimal
performance:
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1. Avoid Turbulence: Do not install the sensor directly near an inlet pipe or an
agitator. The kinetic energy of moving fluid can create localized pressure
fluctuations. If turbulence is unavoidable, use a stilling well (a perforated pipe) to
shield the sensor.

2. Cable Management: For submersible units, ensure the cable is secured and not
subjected to mechanical strain. Use a cable clamp at the top of the well. Ensure
the vent tube is protected by a moisture filter to prevent condensation from
entering the sensor electronics.

3. Positioning: The sensor must be located at a point where it will always be
submerged at the minimum level you wish to measure, but high enough to avoid
being buried in sediment or sludge at the bottom of the tank.

4. Zero Calibration: After installation, perform a zero-point calibration. Atmospheric
pressure and the specific gravity of the liquid can vary slightly from factory
defaults.

| Limitations and Potential Risks

While hydrostatic level measurement is versatile, it has specific limitations that
engineers must account for:

Density Sensitivity: If the liquid density changes (due to temperature fluctuations
or mixing of different products), the pressure reading will change even if the level
remains constant. In such cases, temperature compensation or a different
technology like radar may be required.

Mechanical Damage: Diaphragms are thin and sensitive. In applications with heavy
solids or abrasive slurries, the diaphragm can become pitted or deformed, leading
to drift.

Venting Clogs: In submersible models, if the vent tube becomes blocked by insects,
dirt, or ice, the sensor can no longer compensate for atmospheric changes,
resulting in significant errors (10 mbar of atmospheric change equals
approximately 10 cm of water level error).
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| Frequently Asked Questions (FAQ)

Q: How often should a pressure transmeter be calibrated?

A: In stable environments like clean water storage, annual calibration is usually
sufficient. In corrosive or high-temperature applications, semi-annual checks are
recommended to identify sensor drift early.

Q: Can | use a pressure transmitter for boiling liquids?

A: It is challenging. Boiling creates bubbles (aeration) which lower the effective
density of the liquid, causing the transmitter to under-read the actual level.
Additionally, the steam pressure in a closed vessel requires a DP transmitter with
remote seals to protect the electronics from high temperatures.

Q: What is the difference between a gauge pressure and absolute pressure
transmitter?

A: A gauge pressure transmitter measures pressure relative to atmospheric
pressure. An absolute pressure transmitter measures relative to a perfect vacuum.
For level measurement in vented tanks, a gauge pressure transmitter is almost
always the correct choice.

Q: How do | protect the transmitter from lightning or power surges?

A: Many professional-grade transmitters, such as those from Welk, include internal
surge protection. However, for outdoor installations or long cable runs, external
surge arrestors should be installed at both the sensor and the control panel ends.

| Conclusion

The pressure transmeter remains a cornerstone of industrial level measurement
due to its simplicity and reliability. By understanding the hydrostatic principle,
selecting the appropriate materials, and adhering to strict installation standards,
facilities can achieve precise control over their liquid assets. For more detailed
technical guidance or to view our full range of industrial level sensors, please visit
our Main Page.
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