WELK | REFERENCE GUIDE

Which Receptor Detects
Pressure Changes

A practical guide to which receptor detects pressure changes, covering the reader
intent, the relationship to which receptor detects pressure changes, key evaluation
criteria, common risks, and the information the intended project audience should
confirm before taking the next step.
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In both biological systems and industrial engineering, the ability to sense
environmental shifts is fundamental to maintaining stability and control. When
asking which receptor detects pressure changes, the answer depends on the
context—whether one is discussing the human body's baroreceptors or the
sophisticated transducers used in industrial process automation. In the realm of
level measurement and fluid dynamics, the "receptors" are specialized sensors
designed to convert physical force into measurable electrical signals.

For industrial professionals, understanding how these receptors function is critical
for selecting the right instrumentation for tanks, reservoirs, and deep-well
applications. This guide explores the principles of pressure detection, the specific
technologies employed in industrial level measurement, and how to select the
appropriate equipment for various process environments.

| The Fundamental Principle: Hydrostatic Pressure

Before identifying which receptor detects pressure changes in a commercial or
industrial setting, it is essential to understand the physics they rely upon.
Hydrostatic level measurement is based on the principle that the pressure at a
specific point within a static liquid is directly proportional to the height of the liquid
column above that point.

The mathematical relationship is expressed as:

P=pXgxh

Where:

P is the hydrostatic pressure (typically 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 this equation, if the density and gravity remain constant, the pressure change is
a direct indicator of the level change. The industrial "receptor"—the pressure
transmitter—senses this force and translates it into a 4-20mA, HART, or Modbus
signal that a control system can interpret.

Industrial Receptors: Technologies for Pressure
Detection

In industrial automation, several types of sensing elements serve as the receptor
that detects pressure changes. Each technology offers distinct advantages
depending on the chemical properties of the fluid, the temperature range, and the
required accuracy.

| 1. Piezoresistive Sensors

Piezoresistive receptors are among the most common in hydrostatic level
transmitters. These sensors consist of a diaphragm (usually stainless steel or
ceramic) with strain gauges integrated into a silicon chip. When pressure is applied
to the diaphragm, it deforms slightly, changing the electrical resistance of the
strain gauges. This change in resistance is proportional to the pressure exerted by
the liquid column.

Best for: Clean water, oils, and non-corrosive chemicals.

Advantage: High sensitivity and compact size.

| 2. Capacitive Sensors

Capacitive receptors detect pressure changes by measuring the shift in electrical
capacitance between two plates. One plate is a flexible sensing diaphragm, and
the other is a fixed reference. As pressure moves the diaphragm, the distance
between the plates changes, altering the capacitance. This technology is
exceptionally robust and can handle significant overpressure without damage.

Best for: Harsh industrial environments and applications requiring high precision.
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Advantage: Excellent long-term stability and resistance to mechanical shock.

0

| 3. Ceramic Thick-Film Sensors

For applications involving corrosive media, a ceramic receptor is often preferred.
These sensors use a ceramic base and a ceramic diaphragm. The sensing circuit is
printed onto the back of the diaphragm. Because the ceramic material (often 96%
Al203) is chemically inert, it can withstand acids and bases that would corrode
standard stainless steel.

Best for: Wastewater treatment, chemical processing, and slurry management.

Advantage: High chemical resistance and wear resistance.

| Selection Criteria: Choosing the Right Receptor

When determining which receptor detects pressure changes most effectively for a
specific project, engineers must evaluate several environmental and process
factors. For a comprehensive look at available sensor technologies, you can visit
the Main Page of our product catalog to compare specifications.

| Media Compatibility

The chemical composition of the liquid is the first hurdle. For potable water, 316L
stainless steel is standard. However, for seawater or brackish water, receptors
made of Hastelloy or coated with PTFE are necessary to prevent pitting and
galvanic corrosion.
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| Temperature Ranges

Pressure receptors are sensitive to temperature fluctuations, which can cause the
filling fluid (usually silicone oil) behind the diaphragm to expand or contract.
High-quality transmitters include internal temperature compensation to ensure
that the pressure reading remains accurate even as the process fluid heats or
cools.

| Measurement Range and Turndown

It is vital to select a receptor whose range matches the height of the tank. A sensor
with a 0-10 meter range will provide much better resolution for an 8-meter tank
than a sensor with a 0-100 meter range. The "turndown ratio" refers to how much
the range can be adjusted without losing significant accuracy.

m

Accuracy High (0.1% to 0.5% Very High (0.075% Moderate (0.2% to
FS) FS) 0.5% FS)
Chemical Resistance Moderate (Stainless High Excellent (Alumina
Steel) Ceramic)
Overload Capacity 2x to 3x rated Up to 10x rated High
pressure pressure
Cost Cost-effective Premium Moderate

| Installation Considerations for Pressure Receptors

Even the most accurate receptor will fail to provide reliable data if installed
incorrectly. For hydrostatic level transmitters, there are two primary mounting
styles: submersible and externally mounted.
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| Submersible Installation

In open tanks, wells, or reservoirs, the receptor is housed in a probe that is
lowered to the bottom of the vessel. A reinforced cable provides both the electrical
connection and a vent tube. This vent tube is critical; it allows the sensor to
reference atmospheric pressure, ensuring that changes in barometric pressure do
not skew the level reading.

Pro Tip: Ensure the vent tube is protected by a moisture-wicking filter to prevent
condensation from entering the sensor electronics.

| External Mounting

In closed tanks, the receptor is often mounted to a flange or threaded boss at the
bottom of the tank. If the tank is pressurized (not open to the atmosphere), a
differential pressure (DP) transmitter is required. In this setup, one receptor
detects the total pressure at the bottom, while a second receptor detects the gas
pressure at the top. The transmitter subtracts the top pressure from the bottom
pressure to calculate the true liquid level.

| Limitations and Practical Boundaries

While pressure receptors are highly versatile, they have specific limitations that
engineers must account for:

1. Density Sensitivity: Since these sensors measure weight (force), any change in
the liquid's density will result in an error. For example, if a tank's temperature rises
significantly, the liquid may expand and become less dense. The receptor will
detect less pressure, even if the volume of the liquid hasn't changed.

2. Turbulence and Agitation: In tanks with high-speed mixers, the dynamic
pressure of the moving fluid can interfere with the static pressure measurement. In
these cases, using a stilling well (a pipe that surrounds the sensor to calm the fluid)
is recommended.
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3. Sediment Buildup: In wastewater applications, sludge or silt can accumulate on
the diaphragm. This buildup can dampen the sensor's response or cause a
permanent offset. Regular maintenance and the use of flush-diaphragm receptors
can mitigate this risk.

| Frequently Asked Questions

Which receptor detects pressure changes in a
vacuum?

In vacuum applications, absolute pressure sensors are used. Unlike gauge pressure
sensors, which reference atmospheric pressure, absolute sensors reference a
sealed vacuum chamber within the receptor itself. This allows them to detect
pressure changes even when the environment is below atmospheric pressure.

How often should an industrial pressure receptor be
calibrated?

For most industrial applications, annual calibration is standard. However, in critical
processes or harsh environments where the receptor is subject to pressure spikes
or extreme temperatures, semi-annual calibration may be necessary to maintain
the desired accuracy.

Can a pressure receptor measure the level of a
boiling liquid?

Measuring boiling liquids with hydrostatic receptors is challenging due to the
constant change in density and the presence of vapor bubbles. While possible with
specialized differential pressure setups and capillary seals, non-contact methods
like radar are often preferred for boiling media.
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| Conclusion

Identifying which receptor detects pressure changes is the first step in designing a
robust level control system. Whether utilizing piezoresistive, capacitive, or ceramic
technology, the goal remains the same: to convert the physical force of a fluid into
actionable data. By understanding the relationship between hydrostatic pressure
and liquid height, and by carefully considering media compatibility and installation
requirements, B2B stakeholders can ensure long-term reliability in their industrial
processes.

For technical assistance in selecting the specific sensing technology for your
application, or to review detailed product specifications, please refer to the Main
Page for our complete range of industrial level measurement solutions.
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