Differential Pressure
Monitoring

A practical guide to differential pressure monitoring, covering the reader intent,
the relationship to differential pressure monitoring, key evaluation criteria,

common risks, and the information the intended project audience should confirm
before taking the next step.
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Differential pressure (DP) monitoring serves as a cornerstone in industrial process
control, particularly for level measurement in pressurized environments. By
measuring the difference between two pressure points, engineers can accurately
determine liquid levels, flow rates, and filter conditions. This guide provides a
technical overview of the principles, selection criteria, and installation
requirements for differential pressure monitoring systems in B2B industrial
applications.

Understanding the Principles of Differential Pressure
Measurement

The fundamental principle behind differential pressure monitoring for level
measurement is hydrostatic pressure. According to Pascal’s Law, the pressure
exerted by a liquid column is directly proportional to its height and density. The
mathematical relationship is expressed as:

P=pxgxh

Where:

P is the hydrostatic pressure.

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 (m).

In an open-to-atmosphere tank, a simple pressure transmitter at the base can
determine the level. However, in closed or pressurized vessels—common in
chemical processing and oil and gas—the total pressure at the bottom of the tank
includes both the liquid’'s hydrostatic head and the gas pressure (blanket pressure)
above the liquid.
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To isolate the liquid level, differential pressure monitoring uses two sensing points.
The "High Pressure" (HP) side is connected to the bottom of the vessel, while the
"Low Pressure" (LP) side is connected to the gas space at the top. The transmitter
subtracts the top pressure from the bottom pressure, leaving only the pressure
exerted by the liquid column. This allows for precise level calculation regardless of
fluctuations in the tank’s internal operating pressure.

Applications of Differential Pressure Monitoring in
Process Industries

Differential pressure monitoring is versatile and extends beyond simple level
detection. In industrial automation, it is utilized for:

| 1. Level Measurement in Pressurized Tanks

This is the most common application. Whether it is a liquefied gas storage tank or
a chemical reactor, DP transmitters provide a reliable way to monitor inventory
without being affected by the vapor space pressure.

| 2. Filter and Strainer Monitoring

By measuring the pressure drop across a filter element, operators can monitor the
health of the filtration system. An increase in differential pressure indicates that
the filter is becoming clogged and requires cleaning or replacement. This prevents
equipment damage and ensures process efficiency.

| 3. Flow Measurement (DP Flow)

When combined with a primary flow element like an orifice plate, Venturi tube, or
Pitot tube, differential pressure monitoring can calculate the flow rate of liquids,
gases, or steam. The pressure drop created by the restriction in the pipe is
proportional to the square of the flow velocity.
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| 4. Boiler Drum Level Control

In power generation, maintaining the correct water level in a boiler drum is critical
for safety. DP transmitters are used to manage the extreme pressures and
temperatures, often employing remote seals to protect the instrument electronics.

For a comprehensive overview of available instrumentation for these applications,
engineers can visit the Main Page of the Welk product catalog.

| Key Evaluation Criteria for Selecting DP Transmitters

Selecting the right instrument for differential pressure monitoring requires a
thorough analysis of the process conditions. The following table outlines the
primary selection parameters:

Static Pressure The maximum pressure the The transmitter must
vessel operates at. withstand the base pressure
without shifting calibration.

Differential Range The specific pressure span Proper scaling ensures
created by the liquid height. maximum sensitivity and
accuracy.
Wetted Materials Compatibility with the Prevents corrosion and
process medium (e.g., 316L premature sensor failure.

SS, Hastelloy, Monel).

Accuracy Class Typically expressed as a Critical for high-value
percentage of the span (e.g., inventory or safety-critical
+0.075%). loops.

Process Temperature The temperature at the High temperatures may
sensing point. require impulse lines or

remote capillary seals.

Output Protocol 4-20mA, HART, RS485, or Ensures compatibility with
Foundation Fieldbus. the existing PLC/DCS
architecture.



Differential Pressure Monitoring

When evaluating hardware, it is essential to consider the "turndown ratio," which is
the ratio of the maximum range to the minimum calibrated span. A higher
turndown ratio allows a single transmitter model to be used across various tank
sizes, simplifying spare parts inventory.

Installation Best Practices: Dry Leg vs. Wet Leg
Configurations

The physical installation of a differential pressure monitoring system is as
important as the instrument itself. There are two primary methods for connecting
the LP (top) side of the transmitter to the vessel: the Dry Leg and the Wet Leg.

| The Dry Leg Method

The Dry Leg is used when the gas or vapor above the liquid will not condense at
the ambient temperatures of the impulse piping. The LP line remains filled with
gas. If condensation occurs, liquid will collect in the LP line, creating a false
pressure head that leads to significant measurement errors.

| The Wet Leg Method

In applications where the vapor is likely to condense (such as steam or certain
hydrocarbons), a Wet Leg is used. The LP impulse line is intentionally filled with a
reference liquid (often the process fluid or a compatible inert liquid). This creates a
constant, known pressure head on the LP side, which is then mathematically
accounted for (suppressed) during the transmitter's calibration.

| Remote Seals and Capillaries

In cases where the process fluid is highly corrosive, viscous, or prone to plugging
impulse lines, remote seals are used. These consist of a flexible diaphragm
connected to the transmitter via a liquid-filled capillary tube. This keeps the
process fluid away from the transmitter internals while accurately transmitting the
pressure.
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Limitations and Common Risks in DP Level
Measurement

While differential pressure monitoring is a robust technology, it has specific
limitations that engineers must manage:

1. Density Fluctuations: Since DP transmitters measure weight (pressure) and infer
level, any change in the liquid's density will result in a level error. If the process
temperature varies significantly, the density changes, and the system may require
temperature compensation via a PLC.

2. Gas Pockets in Impulse Lines: In liquid-filled lines, trapped gas bubbles can
cause erratic readings. Conversely, in dry legs, liquid accumulation can cause
offsets. Proper sloping of impulse lines (typically 1:12 slope) and the use of
vent/drain valves are mandatory.

3. Mechanical Clogging: Slurries or fluids with high solids content can clog the
small-diameter impulse lines. In these scenarios, flush-diaphragm transmitters or
magnetic level gauges are often preferred.

4. Static Pressure Shifts: Very high static pressures can cause a "zero shift" in
some DP sensors. It is vital to select instruments designed for high-static
environments and to perform zero-checks at the operating pressure.

Technical Comparison: DP vs. Alternative Level
Technologies

To assist in the selection process, the following comparison highlights when
differential pressure monitoring is the optimal choice versus other common
technologies like Radar or Ultrasonic sensors.
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Differential Radar

Pressure (Non-Contact)
Pressurized Tanks Excellent Excellent Poor (affected by

pressure)
Vapor/Steam No Effect Minimal Effect Significant
Presence Interference
Foaming Surfaces No Effect Potential Signal Loss Signal Loss
Internal Obstructions No Effect May cause false May cause false
echoes echoes

Density Dependency High None None
Installation Requires process Top-mounted Top-mounted

penetrations

DP measurement remains the preferred choice for high-pressure boilers and closed
chemical reactors where foam or heavy vapors make top-down reflective
technologies (like ultrasonic) unreliable.

| Frequently Asked Questions (FAQ)

Q: How often should differential pressure transmitters be calibrated?

A: Most modern digital DP transmitters offer excellent long-term stability. A
standard interval is 1 to 2 years, though safety-critical applications (SIL rated) may
require more frequent proof testing.

Q: Can | use a DP transmitter for interface measurement?

A: Yes. If two immiscible liquids (like oil and water) are in the same tank, a DP
transmitter can monitor the interface level, provided the total liquid level remains
constant and the densities of both liquids are known.

Q: What is the purpose of a 3-valve or 5-valve manifold?

A: Manifolds are essential for differential pressure monitoring. They allow the
transmitter to be isolated from the process, equalized (to check the zero point),
and vented without shutting down the entire process line.
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Q: How does ambient temperature affect the measurement?

A: Ambient temperature can affect the fluid density within the impulse lines
(especially in wet legs). Insulating or heat-tracing the impulse lines is a common
engineering practice to maintain a constant reference density.

| Conclusion

Differential pressure monitoring is a highly reliable and time-tested method for
managing liquid levels and process flows in demanding B2B environments. By
understanding the underlying physics of hydrostatic pressure and carefully
considering installation factors like wet versus dry legs, engineers can implement a
measurement solution that provides years of accurate data. For those seeking
specific hardware specifications or customized OEM/ODM level measurement
solutions, Review product options and application support to find the right
instrumentation for your specific industrial automation needs.



