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Differential pressure (DP) level measurement remains one of the most widely
adopted technologies in industrial process control. By leveraging the relationship
between the height of a liquid column and the hydrostatic pressure it exerts, DP
transmitters provide a reliable method for monitoring levels in both vented and
pressurized vessels. However, achieving high accuracy requires a rigorous
adherence to a specific differential pressure procedure during installation,
commissioning, and maintenance.

This guide outlines the technical principles of DP level measurement, provides a
step-by-step procedure for implementation, and offers practical selection and
installation advice for engineering professionals.

Fundamental Principles of Hydrostatic Level
Measurement

Before executing a differential pressure procedure, it is essential to understand the
underlying physics. Hydrostatic level measurement is based on the principle that
the pressure at the base of a liquid column is directly proportional to the height of
that liquid and its density.

| The Mathematical Foundation

The basic formula for hydrostatic pressure is:
P=pxgxh

Where:

P is the hydrostatic pressure (measured in Pascals or kPa).
p (rho) is the density of the liquid (kg/ms3).

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

h is the height of the liquid column (meters).
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In a differential pressure application, the transmitter measures the difference
between two points. For an open (vented) tank, the transmitter measures the
difference between the liquid pressure at the bottom and the atmospheric
pressure. For a closed (pressurized) tank, the transmitter must account for the
internal vessel pressure by measuring the difference between the high-pressure
side (liquid + gas headspace) and the low-pressure side (gas headspace only).

Implementing the Differential Pressure Procedure in
Industrial Systems

The differential pressure procedure for commissioning a level transmitter involves
several critical stages to ensure the device translates pressure readings into
accurate level data.

| 1. Pre-Installation Verification

Before mounting the transmitter, verify that the device's calibrated range matches
the calculated hydrostatic head of the vessel. This includes checking the specific
gravity (SG) of the process fluid at operating temperature, as density variations are
the primary source of error in DP systems.

| 2. Physical Mounting and Impulse Piping

The transmitter should be mounted below the minimum level tapping point to
ensure the impulse lines remain filled with liquid (in liquid-leg systems). The
impulse lines—the pipes connecting the vessel to the transmitter—should have a
slope of at least 1:12 to allow gas bubbles to migrate back into the tank or to allow
condensate to drain, depending on the application.

| 3. The Zeroing Procedure

Zeroing is the most critical step in the differential pressure procedure. It must be
performed under process conditions if possible:

Welk Reference Guide 3



WELK REFERENCE GUIDE Differential Pressure Procedure

For Vented Tanks: Ensure the tank is empty or the isolation valve is closed and the
transmitter is vented to the atmosphere. Adjust the transmitter to read 0%
(typically 4mA in a 4-20mA loop).

For Closed Tanks (Dry Leg): Ensure the low-pressure impulse line is clear of
condensate. Zero the transmitter when the liquid level is at the exact height of the
high-pressure tapping point.

For Closed Tanks (Wet Leg): If the low-pressure side is filled with a reference liquid
(wet leg), the transmitter will see a negative differential pressure when the tank is
empty. This "zero elevation" must be programmed into the transmitter so that the
output correctly reflects an empty tank.

| 4. Span Calibration

The span is calculated based on the maximum height of the liquid multiplied by the
density. For example, if a tank is 5 meters tall and the liquid has a specific gravity
of 1.0, the span is 49.05 kPa (approx. 7.11 psi). If the specific gravity changes to
0.8, the span must be recalculated to 39.24 kPa.

| Configuration for Vented vs. Pressurized Vessels

The configuration of the transmitter depends entirely on the vessel environment.
Choosing the wrong setup will lead to significant measurement drift.

Vessel Type Configuration Low-Pressure Side
Connection

Open / Vented Single Port Vented to atmosphere

Closed (Non-Condensing) Dry Leg Connected to top of vessel;
remains empty

Closed (Condensing Gas) Wet Leg Connected to top; filled with
process or inert fluid

Corrosive/Viscous Media Remote Seals Capillary tubes with chemical
diaphragms
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In a Wet Leg setup, the differential pressure procedure must account for the

constant head of the liquid in the reference leg. This requires a "suppressed zero"
or "elevated zero" calculation. Failure to account for the weight of the wet leg will
result in the transmitter reporting a level that is lower than the actual level in the

tank.

| Selection Criteria and Comparison Table

While DP transmitters are versatile, they are not always the optimal choice for
every application. Engineers should compare DP technology against modern
alternatives like radar or ultrasonic sensors.

DP Transmitter BEGETS
(Non-Contact)

Accuracy

Cost

Density Sensitivity

Installation

Moving Parts

Best Use Case

High (if density is
constant)

Low to Moderate

High

Complex (Impulse
lines)

None

Clean liquids, high
pressure

Very High

High

None

Simple (Top mount)

None

Corrosives, varying
density

Moderate

Low

None

Simple (Top mount)

None

Water/Wastewater

For engineers evaluating specific hardware for these applications, the Main Page
provides a comprehensive catalog of industrial-grade transmitters, including DP,
radar, and ultrasonic options tailored for different process environments.

Installation Best Practices and Impulse Line

Management

The reliability of a differential pressure procedure is often determined by the
quality of the impulse piping. Poorly installed lines can lead to air pockets or
sediment buildup, which dampen the pressure signal.
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Manifold Valves: Always use a 3-valve or 5-valve manifold. This allows the
transmitter to be isolated and equalized (connecting the high and low sides) for
zero-checking without removing it from the process line.

Heat Tracing: In outdoor installations or with high-viscosity fluids, impulse lines
may require heat tracing and insulation to prevent freezing or to maintain fluid
mobility.

Sediment Traps: In applications involving slurries or dirty liquids, install sediment
traps at the lowest point of the impulse lines to prevent particles from reaching the
transmitter diaphragm.

Remote Seals: If the process fluid is highly corrosive or prone to plugging impulse
lines, use remote diaphragm seals. These use a flexible membrane and a capillary
tube filled with silicone oil to transmit pressure to the sensor, eliminating the need
for direct contact between the process fluid and the transmitter.

| Limitations and Compensation Strategies

Despite its prevalence, the differential pressure procedure is subject to physical
limitations that must be managed to maintain plant safety and efficiency.

| Density Variations

The most significant limitation of DP level measurement is its dependence on fluid
density. If the temperature of the liquid in the tank increases, its density typically
decreases. Since the DP transmitter only measures pressure (weight), it will report
a lower level even if the actual volume has increased due to thermal expansion. In
critical applications, temperature compensation must be integrated into the control
system or a multivariable transmitter should be used.
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| Gas Phase Density

In high-pressure boiler applications, the density of the steam or gas in the
headspace can become significant enough to exert its own pressure. This "gas
column" effect can introduce errors if not accounted for in the low-side
compensation logic.

| Mechanical Integrity

Impulse lines are susceptible to leaks. A small leak in the low-pressure leg of a
pressurized system will cause the transmitter to report a falsely high level,
potentially leading to a vessel overfill. Regular inspection of fittings and manifolds
is a mandatory part of the maintenance differential pressure procedure.

| Frequently Asked Questions (FAQ)

Q: How often should | perform a zero-check on a DP transmitter?

A: For critical processes, a zero-check should be performed every 6 to 12 months.
If the process involves high vibration or extreme temperature cycling, more
frequent checks may be necessary.

Q: Can | use a DP transmitter for interface level measurement (e.g., oil over
water)?

A: Yes. By knowing the densities of both fluids, the differential pressure procedure
can be adapted to measure the interface. The transmitter measures the change in
total head as the ratio of the two liquids changes.

Q: What happens if the wet leg fluid evaporates?

A: If the fluid in a wet leg evaporates, the reference pressure will drop, causing the
transmitter to report an incorrectly high level. This is why wet legs are often
equipped with a fill tee or a constant-head reservoir to ensure they remain full.

Q: Is DP measurement suitable for vacuum tanks?
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A: Yes, but special care must be taken with the transmitter's fill fluid and seals to
ensure they can withstand vacuum conditions without outgassing or deforming.

By following a standardized differential pressure procedure and carefully
considering the physical properties of the process media, industrial operators can
achieve highly reliable level data. For more detailed technical specifications on

various level technologies, visit the Main Page to explore the full range of Welk
industrial solutions.
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