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Differential pressure, commonly referred to as dp pressure in industrial
instrumentation, remains one of the most versatile and widely adopted methods
for measuring the level of liquids within tanks and process vessels. By calculating
the difference in pressure between two points—typically the bottom of a vessel
and the vapor space above the liquid—engineers can derive accurate level,
density, and flow data.

As a fundamental pillar of industrial automation, dp pressure measurement is
utilized extensively in water treatment, chemical processing, and the oil and gas
sectors. This guide provides a comprehensive technical overview of the principles,
application configurations, and selection criteria for implementing differential
pressure solutions in professional engineering environments.

Understanding the Principles of DP Pressure in Level
Measurement

The core principle behind using dp pressure for level measurement is hydrostatic
head pressure. According to Pascal’s Law, the pressure exerted by a static liquid
column is directly proportional to its height and the density of the fluid. The
mathematical relationship is expressed as:

P=pxgxh

Where:

P is the hydrostatic pressure.

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).

In a level measurement application, a differential pressure transmitter measures
the pressure at the base of the tank (High Pressure or HP side) and compares it
against a reference pressure (Low Pressure or LP side). By isolating the pressure
generated specifically by the liquid height, the transmitter provides a
signal—typically 4-20mA or a digital fieldbus protocol—that corresponds to the
vessel's level.
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It is critical to note that dp pressure transmitters do not measure level directly;
they measure force over area. Therefore, any change in fluid density (caused by
temperature fluctuations or composition changes) will result in a measurement
error unless the system is compensated for density variations.

| System Configurations: Open vs. Closed Vessels

The application of dp pressure sensors differs significantly depending on whether
the process vessel is open to the atmosphere or pressurized.

| Open Vessels

In an open-tank application, the liquid surface is exposed to atmospheric pressure.
To measure the level, the HP side of the transmitter is connected to the bottom of
the tank, while the LP side is vented to the atmosphere. In this scenario, the dp
pressure is simply the hydrostatic head of the liquid.

| Closed Vessels

In pressurized tanks, the pressure in the vapor space above the liquid must be
subtracted from the total pressure measured at the bottom to isolate the
hydrostatic head. The LP side of the transmitter is connected to the top of the
vessel. There are two primary methods for making this connection:

1. Dry Leg: Used when the gas in the vapor space will not condense at ambient
temperatures. The LP piping remains filled with gas.

2. Wet Leg: Used when the vapor is likely to condense (e.g., steam). The LP pipe is
intentionally filled with a reference liquid (often the process fluid or a stable glycol
mix) to prevent erratic readings caused by random condensation. This requires
"zero elevation" calibration to account for the constant pressure of the liquid
column in the LP leg.
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| Selection Criteria for DP Pressure Transmitters

Selecting the correct instrument for measuring dp pressure requires a detailed
analysis of the process environment. Engineers should evaluate the following
factors:

| Pressure Range and Overpressure Protection

The transmitter must be capable of handling the maximum static pressure of the
vessel while remaining sensitive enough to measure the relatively small changes
in dp pressure representing the liquid level. Overpressure protection is vital in
systems where surges or vacuum conditions may occur.

| Material Compatibility

The wetted parts, including the diaphragms and process flanges, must be resistant
to the chemical properties of the fluid. Standard 316L stainless steel is common,
but aggressive media may require exotic alloys like Hastelloy C, Tantalum, or
Monel. For food and beverage or pharmaceutical applications, hygienic fittings and
specialized internal fill fluids (such as Neobee M-20) are mandatory.

| Temperature Limits

High process temperatures can damage the sensor electronics or cause the fill
fluid in remote seals to expand, leading to measurement drift. If process
temperatures exceed 100°C (212°F), remote seals with capillary tubing are often
used to displace the transmitter from the heat source.

| Accuracy and Stability

In B2B industrial applications, high-precision transmitters often offer accuracies of
+0.04% to £0.075% of the calibrated span. Long-term stability is equally important
to reduce the frequency of re-calibration cycles in remote or hazardous locations.

Welk Reference Guide 4



WELK REFERENCE GUIDE Dp Pressure

| Comparative Analysis of DP Technologies

When evaluating level measurement options, it is helpful to compare dp pressure
against other common technologies. For a broader look at various measurement
instruments, you can Main Page to review product options and application support.

DP Pressure Ultrasonic Level Radar Level Meter
Transmitter Sensor

Measurement Type Non-contact

(Microwave)

Non-contact
(Time-of-flight)

Contact (Pressure)

Best Use Case

Pressurized vessels,

foam

Open basins, sumps

High temp, vacuum,
dust

Density Sensitivity High (Requires Low None
constant p)
Installation Bottom/Side of tank Top of tank Top of tank
Maintenance Moderate (Impulse Low Very Low
lines)
Cost Cost-effective Low to Moderate Moderate to High

Installation Best Practices and Technical
Considerations

The reliability of a dp pressure measurement system depends heavily on the
guality of the installation. Poorly designed impulse lines or incorrectly mounted
seals are the leading causes of measurement failure.

| Impulse Line Routing

Impulse lines (the small-diameter pipes connecting the tank to the transmitter)
should be as short as possible. For gas applications, they should slope upward
toward the transmitter to allow condensate to drain back into the tank. For liquid
applications, they should slope downward to ensure any trapped gas bubbles can
escape back into the vessel.
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| Remote Seals and Capillaries

In applications involving viscous, corrosive, or high-temperature fluids, remote
seals are preferred. These seals use a flexible diaphragm and a capillary tube filled
with silicone oil to transmit the dp pressure to the sensor.

Capillary Length: Keep capillaries as short as possible and ensure they are the
same length on both the HP and LP sides to minimize temperature-induced errors.

Mounting Height: The transmitter should ideally be mounted below the bottom
process connection to maintain a constant head of fill fluid on the diaphragm.

| Manifold Valves

A 3-valve or 5-valve manifold is essential for maintenance. It allows the operator to
isolate the transmitter from the process, equalize the pressure between the HP and
LP sides for zero-checking, and vent or drain the system safely.

| Common Challenges and Mitigation Strategies

While dp pressure is a robust technology, certain process conditions can introduce
errors. Understanding these limitations is key to successful engineering.

1. Density Fluctuations: If the temperature of the liquid changes, its density will
change. Since the transmitter measures weight (pressure), a decrease in density
will appear as a drop in level even if the volume remains the same. Modern
systems use an additional temperature sensor and a PLC/DCS algorithm to provide
real-time density compensation.

2. Sediment and Clogging: In wastewater or slurry applications, solids can settle in
the impulse lines or against the transmitter diaphragm. Using flush-mounted
diaphragms or regular purging cycles can prevent these blockages.

3. Vapor Space Fluctuations: Rapid changes in the pressure of the vapor space
(e.g., during rapid filling or discharge) can cause temporary spikes in the dp
pressure reading. Selecting a transmitter with adjustable damping (filtering) can
help smooth the output signal.
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4. Hydrogen Permeation: In high-pressure hydrogen service, hydrogen atoms can
diffuse through standard metal diaphragms, causing internal damage. Specialized
gold-plated diaphragms are required for these specific B2B applications.

|Frequent|y Asked Questions (FAQs)

Q: How do | calibrate a DP transmitter for a tank with a wet leg?

A: You must perform a "zero elevation" calibration. Since the wet leg exerts
pressure on the LP side even when the tank is empty, the transmitter will see a
negative differential pressure. You must calibrate the 4mA point to correspond to
this negative value so that the output correctly reads 0% level.

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

A: Yes. Dp pressure is excellent for interface measurement provided the total level
remains above the top tapping point. The transmitter measures the change in
pressure caused by the shifting ratio of the two different densities.

Q: What is Electronic DP?

A: Electronic DP uses two independent pressure sensors connected by an electrical
cable instead of mechanical capillaries or impulse lines. This eliminates errors
caused by temperature shifts in capillaries and is often easier to install on tall
towers or distillation columns.

Q: How often should a DP transmitter be zeroed?

A: It depends on the process stability, but a standard practice is to check the zero
point during annual maintenance or whenever there is a significant change in
ambient temperature seasons.
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| Conclusion

Implementing dp pressure measurement requires a balance of theoretical
knowledge and practical installation experience. By accurately accounting for fluid
density, vessel pressure, and environmental factors, differential pressure systems
provide one of the most reliable and cost-effective methods for process level
control. For engineers seeking specific hardware configurations or customized
OEM/ODM solutions for industrial automation, exploring the full range of available
instrumentation is the next logical step toward optimizing plant efficiency. For
more information on selecting the right level measurement technology, please visit
the Main Page.
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