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What Is a Differential
Pressure Sensor

A practical guide to what is a differential pressure sensor, covering the reader
intent, the relationship to what is a differential pressure sensor, 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 landscape of industrial instrumentation, the ability to measure the difference
between two pressure points is a fundamental requirement for process control.
This brings us to a core question for many engineers and plant managers: what is
a differential pressure sensor? Often abbreviated as a DP sensor or DP transmitter,
this device is a critical component in monitoring fluid levels, flow rates, and filter
conditions across industries ranging from water treatment to chemical processing.

Understanding the mechanics, applications, and selection criteria for these sensors
is essential for ensuring system efficiency and safety. As a specialized
manufacturer of industrial level measurement instruments, Welk provides a range
of solutions, including hydrostatic and differential pressure technologies, to meet
diverse engineering challenges.

| The Fundamental Principle of Differential Pressure

To understand what is a differential pressure sensor, one must first understand the
concept of "Delta P" (AP). Unlike a standard pressure gauge that measures
pressure relative to the atmosphere (gauge pressure) or a vacuum (absolute
pressure), a differential pressure sensor measures the difference between two
distinct pressure inputs.

| How It Works

The sensor typically features two ports: a high-pressure (HP) side and a
low-pressure (LP) side. Inside the device, a sensing element—usually a flexible
diaphragm—is positioned between these two ports.

1. Pressure Application: The process fluid (liquid or gas) exerts pressure on both
sides of the diaphragm simultaneously.

2. Diaphragm Displacement: If the pressure on the HP side is greater than the LP
side, the diaphragm deflects toward the low-pressure side.

3. Transduction: This physical displacement is converted into an electrical signal.
Modern sensors use various technologies for this conversion, such as
piezoresistive strain gauges, capacitive sensing, or inductive elements.
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4. Signal Output: The electronics within the transmitter process the raw signal into
a standardized output, such as 4-20mA, 0-10V, or digital protocols like HART or
Modbus, representing the calculated differential.

| Differential Pressure in Level Measurement

While DP sensors are famous for flow measurement (using orifice plates), their
most common application in the context of industrial tanks is hydrostatic level
measurement. For a deeper look at comprehensive level solutions, you can visit
the Main Page of our technical catalog.

| Open vs. Closed Tanks

In an open tank, the level of a liquid can be measured using a simple hydrostatic
pressure sensor because the top of the liquid is exposed to atmospheric pressure.
The sensor simply measures the weight of the liquid column above it.

However, in a closed or pressurized tank (such as a boiler or a chemical reactor),
the pressure above the liquid (headspace pressure) adds to the total pressure at
the bottom. A single-point pressure sensor cannot distinguish between the
pressure caused by the liquid level and the pressure caused by the gas in the
headspace.

This is where the differential pressure sensor becomes indispensable. By
connecting the HP port to the bottom of the tank and the LP port to the top of the
tank (the headspace), the sensor subtracts the headspace pressure from the total
bottom pressure. The resulting AP is directly proportional to the height of the liquid
column, regardless of the vessel's internal pressure.

The Formula:

$$Level (h) = \frac{\Delta P}{\rho \cdot g}$$
Where:

AP is the differential pressure.

p (rho) is the density of the liquid.

Welk Reference Guide 3



WELK REFERENCE GUIDE What Is a Differential Pressure Sensor

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

| Key Components and Construction

When evaluating what is a differential pressure sensor for a specific project,
understanding its construction is vital for longevity and accuracy.

The Sensing Element: Piezoresistive sensors are common for general use, while
capacitive sensors offer high accuracy and stability for low-pressure ranges.

Process Diaphragms: These are the "wetted parts" that contact the fluid. Materials
include 316L Stainless Steel, Hastelloy C, Monel, or Tantalum, depending on the
corrosivity of the medium.

Fill Fluid: The internal cavity between the process diaphragm and the sensor
element is filled with a transmission fluid, typically silicone oil or inert fluorinated
oil for oxygen service.

Housing: Usually rated IP65 to IP68, constructed from aluminum or stainless steel
to withstand harsh industrial environments.

| Practical Selection Criteria

Selecting the right DP sensor requires a balance of technical specifications and
environmental factors. The following table outlines the primary considerations for
engineering teams:
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Static Pressure Rating

Differential Range

Wetted Materials

Accuracy Class

Process Temperature

Output Protocol

The maximum base pressure
the sensor can withstand on
both ports.

The specific AP span the
sensor is calibrated to
measure (e.g., 0-500 mbar).

Compatibility of the
diaphragm and seals with the
process fluid.

Usually expressed as a
percentage of the full-scale
(e.g., £0.075% or +0.1%).

The temperature of the fluid
at the sensing point.

4-20mA, HART, RS485, etc.

Critical for high-pressure
boilers or gas tanks.

Determines resolution and
accuracy.

Prevents corrosion and
sensor failure.

Essential for custody transfer
or precise dosing.

High temperatures may
require remote seals or
capillaries.

Ensures compatibility with
the PLC or SCADA system.

| Installation Considerations and Best Practices

Proper installation is often more critical than the sensor's inherent accuracy. To
ensure reliable data, engineers should follow these guidelines:

| 1. Impulse Line Management

Impulse lines (the small-bore pipes connecting the tank to the sensor) must be
installed with a slight slope (typically 1:12). For gas applications, the sensor should
be mounted above the tapping points so condensate drains back into the tank. For
liquid applications, the sensor should be below the tapping points to ensure air
bubbles can escape upward.
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| 2. Use of Manifolds

A 3-way or 5-way valve manifold is highly recommended. These allow the sensor
to be isolated, vented, or zero-checked without shutting down the entire process.
The "equalizing valve" on a manifold is essential for preventing over-pressure
damage to the diaphragm during startup.

| 3. Remote Seals and Capillaries

If the process fluid is extremely hot, corrosive, or prone to clogging (slurries),
remote seals are used. These consist of a diaphragm at the tank wall connected to
the sensor via a capillary tube filled with oil. This protects the sensitive electronics
of the transmitter from the harsh process conditions.

| Limitations of Differential Pressure Sensors

While versatile, DP sensors are not suitable for every application.

Density Sensitivity: Since DP level measurement relies on the weight of the liquid,
any change in liquid density (due to temperature fluctuations or concentration
changes) will result in a level error. If the density is not constant, a radar level
meter might be a better choice.

Impulse Line Freezing: In cold climates, liquid-filled impulse lines can freeze,
leading to false readings or sensor damage. Heat tracing or the use of remote
seals is often required.

Maintenance Requirements: Impulse lines can become plugged with sediment or
scale over time, requiring periodic flushing or "blow-down."

| Comparison: DP Sensors vs. Alternative Technologies
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Differential Radar
Pressure (Non-Contact)

Contact Yes (Wetted)

Density Effect High None None

Vapor/Foam Minimal impact Can affect signal Significant impact
Installation Complex (Piping) Simple (Top-mount) Simple (Top-mount)
Cost Moderate Higher Lower to Moderate

For applications where liquid density is stable and the tank is pressurized, a DP
sensor remains the industry standard for reliability and cost-effectiveness. For
more complex media involving turbulence or changing chemical compositions,
exploring Main Page options like radar or ultrasonic sensors may be advisable.

| Frequently Asked Questions (FAQ)

Q: Can a differential pressure sensor be used for
flow measurement?

A: Yes. By measuring the pressure drop across a restriction in a pipe (like an orifice
plate or Venturi tube), a DP sensor can calculate the flow rate. The flow rate is
proportional to the square root of the differential pressure.

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

A: A standard pressure transmitter has one process connection and measures
pressure relative to a fixed reference (atmosphere). A differential pressure sensor
has two connections and measures the difference between them.
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|Q: How often should a DP sensor be calibrated?

A: Most industrial DP sensors should be zero-checked annually. Full calibration
cycles depend on the criticality of the process and the stability of the sensor,
typically ranging from 1 to 3 years.

Q: What happens if the high and low-pressure lines
are swapped?

A: The sensor will report a negative value or an error. Most modern digital
transmitters allow you to reverse the electronics via software, but it is best
practice to correct the physical piping.

| Conclusion

Understanding what is a differential pressure sensor is the first step toward
optimizing process control in industrial environments. These devices provide a
robust, time-tested method for measuring level and flow in challenging pressurized
systems. By carefully considering the material compatibility, static pressure
requirements, and installation geometry, engineers can implement a measurement
solution that provides years of accurate, low-maintenance service.

For technical assistance in selecting the correct level measurement technology for
your specific application, Welk offers a comprehensive portfolio of radar,
ultrasonic, and pressure-based instruments tailored to global industrial standards.
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