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In both biological systems and industrial engineering, the ability to detect and
respond to pressure is fundamental to maintaining stability and control. When
asking what type of receptor detects and responds to pressure, the answer
depends on the context: in the human body, these are known as
mechanoreceptors; in industrial automation, they are referred to as pressure
transducers or sensing elements.

For process industries, understanding how these "industrial receptors" function is
critical for accurate level measurement, leak detection, and safety monitoring. This
guide explores the mechanical principles of pressure detection, the various types
of industrial sensors available, and how to select the right technology for
challenging environments.

| Understanding the Principle of Pressure Detection

In an industrial setting, pressure is defined as the force exerted by a fluid (liquid or
gas) per unit area. To detect this force, an instrument must possess a physical
"receptor"'—typically a flexible diaphragm—that undergoes a measurable change
when force is applied.

| Hydrostatic Pressure and Level Measurement

For liquid level measurement, the most common application of pressure detection
is based on the hydrostatic principle. The pressure at the bottom of a vessel is
directly proportional to the height of the liquid column above it, provided the
density of the liquid is constant. This is expressed by the formula:

P=pxgXh

Where:

P is the hydrostatic pressure (measured in Pascals or bar).
p (rho) is the density of the liquid (kg/m?3).

g is the gravitational constant (approximately 9.81 m/s?).

h is the height of the liquid (meters).

Welk Reference Guide 2



WELK REFERENCE GUIDE What Type of Receptor Detects and Responds to Pressure

By detecting the pressure at a fixed point, the industrial receptor allows the
system to calculate the exact level of the fluid. This method is highly reliable for
open tanks and reservoirs where atmospheric pressure acts equally on the liquid
surface and the sensor's reference port.

|Types of Industrial Receptors for Pressure Detection

Just as biological mechanoreceptors come in different forms (such as Pacinian
corpuscles for deep pressure), industrial pressure receptors utilize different
technologies to convert mechanical stress into an electrical signal. The three most
common types used in Welk instrumentation are piezoresistive, capacitive, and
strain gauge sensors.

| 1. Piezoresistive Receptors

Piezoresistive sensors are among the most widely used in industrial level
transmitters. They consist of a silicon or ceramic diaphragm with integrated
resistors. When pressure deforms the diaphragm, the electrical resistance of the
material changes (the piezoresistive effect).

Advantages: High sensitivity, compact size, and excellent long-term stability.

Best For: Standard water treatment, oil storage, and non-corrosive chemical
applications.

| 2. Ceramic Capacitive Receptors

In a capacitive receptor, a sensing diaphragm and a substrate form a capacitor. As
pressure moves the diaphragm closer to the substrate, the capacitance changes.
Because the diaphragm can be made of high-purity ceramic (99.9% alumina),
these sensors are incredibly robust.

Advantages: Exceptional resistance to corrosion and mechanical overload
(overpressure).

Best For: Aggressive chemicals, slurries, and environments where pressure spikes
are common.
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| 3. Strain Gauge Receptors

Strain gauges involve a metal foil or wire bonded to a flexible backing. When the
surface to which they are attached is deformed by pressure, the wire stretches or
compresses, changing its resistance.

Advantages: High accuracy and ability to measure very high pressure ranges.

Best For: High-pressure hydraulic systems and heavy industrial automation.

Selection Criteria for Pressure-Based Level
Instruments

Choosing the correct receptor technology requires an analysis of the process
media and the environmental conditions. The following table provides a
comparison for common industrial scenarios.

Application Requirement Recommended Receptor Key Consideration

Type

Clean Water / Reservoirs Piezoresistive (Submersible) Requires vented cable for
atmospheric compensation.

Corrosive Acids / Alkalis Ceramic Capacitive Ensure housing material
(e.q., PTFE or PVDF) matches
the sensor.

High Temperature Fluids Remote Diaphragm Seal Uses a capillary to isolate

the receptor from heat.

Wastewater / Slurries Flush Diaphragm Prevents clogging of the
sensing element by solids.

Pressurized Tanks Differential Pressure (DP) Measures the difference
between liquid head and top
gas pressure.
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| Installation and Engineering Considerations

To ensure that the receptor detects and responds to pressure accurately, proper
installation is paramount. Even the highest quality sensor will provide false
readings if environmental factors are ignored.

| Atmospheric Referencing

For hydrostatic level transmitters, the sensor must "know" what the local
atmospheric pressure is to subtract it from the total pressure reading. This is
usually achieved through a small vent tube inside the signal cable. If this tube
becomes kinked or blocked by moisture, the level reading will drift as the weather
changes.

| Turbulence and Physical Protection
In tanks with agitators or high-flow inlets, the physical force of moving ligquid can
cause the sensor to swing or experience "noise." In these cases, the receptor

should be installed inside a stilling well—a vertical pipe that dampens turbulence
while allowing the liquid level to equalize.

| Chemical Compatibility
The diaphragm is the primary receptor and is in direct contact with the medium.

While stainless steel (316L) is standard, certain chemicals require Tantalum,
Hastelloy, or Monel diaphragms to prevent pitting and eventual failure.

| Limitations of Pressure-Based Detection

While pressure receptors are versatile, they are not universal solutions. Engineers
must be aware of the following limitations:
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1. Density Sensitivity: Since hydrostatic pressure depends on density, any change
in the liquid's temperature or concentration that alters its density will resultin a
level error. If the density varies significantly, ultrasonic or radar meters may be
preferred.

2. Mechanical Build-up: In applications with heavy crystallization or bitumen, the
medium can harden on the diaphragm, preventing it from flexing. Regular cleaning
or the use of flush-mounted diaphragms is necessary.

3. Vacuum Conditions: Standard pressure receptors can be damaged by vacuum if
they are not specifically designed with a vacuum-hardened construction.

| Frequently Asked Questions (FAQ)

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

A: A pressure transmitter measures the force of a fluid. A level transmitter is a
pressure transmitter calibrated to output a signal (like 4-20mA) that represents the
height of a liquid based on its known density.

Q: Can a pressure receptor detect the level of a gas?

A: No. Because gases are compressible and have very low mass, hydrostatic
pressure is not an effective way to measure gas volume or level. Gas is typically
measured by pressure (for storage) or flow meters.

Q: How often should an industrial pressure receptor be calibrated?

A: For most B2B industrial applications, annual calibration is standard. However, in
critical safety systems or highly corrosive environments, semi-annual checks are
recommended to ensure the diaphragm has not suffered from "drift" or material
fatigue.
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| Conclusion

Identifying what type of receptor detects and responds to pressure is the first step
in designing a reliable monitoring system. Whether you are managing a municipal
water facility or a complex chemical refinery, the choice between piezoresistive
and capacitive sensing elements will define the longevity and accuracy of your
data.

At Welk, we specialize in matching the right receptor technology to your specific
process challenges. From submersible hydrostatic sensors to advanced radar
systems, our goal is to provide precise measurement solutions that enhance
operational efficiency. For more technical specifications and to explore our full
range of measurement instruments, visit our Main Page.

By understanding the mechanical and physical boundaries of these receptors,
engineers can implement systems that not only detect pressure but respond to it
with the precision required for modern industrial automation.
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