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Differential pressure (DP) measurement is one of the most established and
versatile technologies in industrial process control. In the context of level
measurement, dp sensors function by calculating the difference in pressure
between two distinct points—typically the bottom of a vessel and the vapor space
above the liquid. This method leverages the fundamental principles of hydrostatics
to provide reliable data on liquid height, volume, and mass.

For engineers and plant operators, selecting the right instrumentation requires a
deep understanding of how these sensors interact with the process medium and
the physical environment. As a professional manufacturer, Welk provides a
comprehensive range of measurement instruments to meet these needs. For more
detailed technical specifications on various technologies, you can visit the Main
Page of our product catalog.

Understanding the Principles of Differential Pressure
Level Measurement

The operation of dp sensors in level applications is based on the hydrostatic
pressure principle. According to this principle, the pressure exerted by a static
liquid column is proportional to its height and the density of the liquid. The
relationship is expressed by the formula:

P=pXgXxh

Where:
- P is the hydrostatic pressure (typically measured in Pascals or bar).
- p (rho) is the density of the liquid (kg/m3).
- 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 an open tank (vented to the atmosphere), a single pressure sensor at the
bottom is sufficient because the "low-pressure” side of the sensor is referenced to
the atmospheric pressure. However, in closed or pressurized vessels, the pressure
in the headspace above the liquid must be subtracted from the total pressure
measured at the bottom. This is where dp sensors are essential. They feature two
ports: a high-pressure (HP) port connected to the bottom of the tank and a
low-pressure (LP) port connected to the top. The sensor calculates the difference
(AP), which directly represents the liquid level regardless of the vessel's internal
pressure.

| Key Technology Types in Dp Sensors

Modern industrial dp sensors utilize several sensing technologies to convert
mechanical pressure into an electrical signal (usually 4-20mA, HART, or R5485).
The choice of technology impacts accuracy, stability, and resistance to
environmental factors.

| Piezoresistive Sensors

These sensors use a silicon diaphragm with integrated strain gauges. When
pressure is applied, the diaphragm deforms, changing the electrical resistance of
the gauges. Piezoresistive sensors are highly sensitive and cost-effective, making
them suitable for standard industrial applications. However, they can be sensitive
to temperature fluctuations, requiring built-in compensation.

| Capacitive Sensors

Capacitive dp sensors measure the change in capacitance between a sensing
diaphragm and two fixed capacitor plates. As the diaphragm moves due to
pressure differences, the capacitance shifts. These sensors are known for their
high precision, excellent long-term stability, and robust overpressure protection.
They are often preferred in critical chemical and oil and gas applications.
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| Silicon Resonant Sensors

This advanced technology uses micro-machined silicon resonators. Pressure
changes the resonant frequency of the silicon crystal. Because frequency is a
digital-like signal that is highly resistant to noise, these sensors offer exceptional
accuracy and are less prone to drift over time compared to analog-based sensing
elements.

| Application Scenarios: Open vs. Closed Vessels

The configuration of dp sensors changes significantly based on the vessel type.
Engineers must confirm the vessel state before specifying the sensor layout.

| 1. Open Tank Level Measurement

In an open tank, the sensor is mounted at or below the minimum liquid level. The
LP side of the sensor is left open to the atmosphere. The measured pressure is
purely the weight of the liquid column. This is common in water treatment plants
and large storage reservoirs.

| 2. Closed Tank Level Measurement

In pressurized vessels, such as boilers or chemical reactors, the LP side must be
connected to the top of the tank to cancel out the effect of the internal gas
pressure. This connection is typically made using impulse piping or remote seals.

- Dry Leg: Used when the gas in the headspace does not condense at ambient
temperatures. The LP impulse line remains filled with gas.

- Wet Leg: Used when the gas is likely to condense (e.g., steam). The LP impulse
line is intentionally filled with a reference liquid (usually the process fluid or a
stable glycol mix) to prevent erratic readings caused by random condensation.
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| Selection Criteria for Industrial Dp Sensors

Choosing the correct sensor involves balancing performance requirements with
budget constraints. The following table provides a practical guide for evaluating dp
sensors based on common industrial criteria.

Pressure Range Minimum and maximum Affects sensitivity and safety
operating pressure. factors.

Accuracy Class Standard (0.1%) vs. High Critical for custody transfer
Precision (0.05%). or precise dosing.

Wetted Materials Stainless steel 316L, Determines chemical
Hastelloy, Tantalum. compatibility and lifespan.

Process Temperature Ambient vs. May require remote seals or
High-temperature steam. cooling elements.

Output Protocol 4-20mA, HART, Modbus, Integration with existing
Foundation Fieldbus. DCS/PLC systems.

Certifications ATEX/IECEx (Explosion-proof), = Compliance with safety and
SIL2/3. regulatory standards.

Installation Best Practices and Impulse Line
Configuration

The accuracy of dp sensors is often determined more by the quality of the

installation than the sensor itself. Improperly installed impulse lines are the most
common cause of measurement error.

| Impulse Piping Considerations
1. Slope: Impulse lines should always be sloped (at least 1:12) to allow gas bubbles

to travel back to the tank (in liquid service) or liquid droplets to drain (in gas
service).
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2. Distance: Keep the distance between the process tapping point and the sensor
as short as possible to reduce response lag and minimize temperature-induced
density changes in the impulse lines.

3. Manifolds: Always use a 3-valve or 5-valve manifold. This allows for safe
isolation, venting, and zero-point calibration without shutting down the process.

|Remote Seals (Diaphragm Seals)

In applications involving highly corrosive, viscous, or hygienic fluids, remote seals
are used. A flexible diaphragm is connected to the sensor via a capillary tube filled
with silicone oil or other transmission fluids. This prevents the process medium
from entering the sensor body, though it adds complexity regarding temperature
compensation for the fill fluid.

| Limitations and Common Risks

While dp sensors are highly reliable, they have specific limitations that must be
managed during the engineering phase:

- Density Sensitivity: Since the sensor measures pressure, any change in the
liquid's density (caused by temperature or concentration changes) will result in
a level error. If the density varies significantly, a temperature-compensated
calculation in the PLC is required.

- Sedimentation: In slurries or fluids with high solids content, impulse lines can
become clogged. This is usually mitigated by using flush-mounted diaphragm
seals or periodic purging.

- Headspace Pressure Fluctuations: Rapid changes in vessel pressure can cause

transient errors if the HP and LP sides do not react at the same speed. This is
particularly relevant in high-pressure steam applications.

| Information Confirmation for Project Planning

Before finalizing a purchase or installation plan for dp sensors, project teams
should confirm the following data points:
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1. Specific Gravity (SG): What is the exact density of the fluid at operating
temperature?

2. Vessel Geometry: Is the tank vertical, horizontal, or spherical? (This affects
volume calculations).

3. Mounting Location: Is there adequate space for maintenance and manifold
access?

4. Environmental Conditions: Will the sensor be exposed to extreme cold (requiring
heat tracing) or direct sunlight?

By addressing these factors early, organizations can ensure that their level
measurement system provides the accuracy and longevity required for industrial
automation. For a review of available hardware options and technical support for
your specific application, please refer to the Main Page of our engineering
resource.

| Frequently Asked Questions (FAQ)

Q: How often should dp sensors be calibrated?

A: Most modern sensors have a stability guarantee of 5 to 10 years. However, in
critical applications, an annual zero-check using the manifold is recommended to
ensure no drift has occurred.

Q: Can a dp sensor measure the level of two different liquids in the same tank
(interface level)?

A: Yes. If the two liquids have different densities (e.g., oil and water), a dp sensor
can measure the interface level, provided the total liquid level remains above the
high-pressure tap.

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

A: A standard pressure transmitter has one process connection and measures
pressure relative to the atmosphere or a vacuum. A dp sensor has two connections
and measures the difference between them, which is necessary for closed-tank
level and flow measurement.
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Q: When should | use a remote seal instead of impulse piping?

A: Use remote seals if the process fluid is likely to freeze, boil, or clog
small-diameter pipes, or if the fluid is extremely toxic and needs to be contained
away from the transmitter electronics.

Welk Reference Guide 8



