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In the landscape of industrial process automation, the accurate determination of
fluid levels, flow rates, and filter performance is critical for operational safety and
efficiency. One of the most versatile and established methods used globally is
differenzdruckmessung, or differential pressure measurement. This technique
relies on the physical principle of measuring the pressure difference between two
distinct points in a system to derive secondary variables such as level, density, or
flow.

For engineers and plant operators, understanding the nuances of
differenzdruckmessung is essential for selecting the right instrumentation for
challenging environments, particularly in pressurized vessels or systems involving
corrosive media. As a professional manufacturer, Welk provides a range of
solutions that leverage this technology alongside radar and ultrasonic sensors to
ensure comprehensive coverage of industrial measurement needs. You can
explore these technologies further on our Main Page.

Understanding the Principles of
Differenzdruckmessung

The fundamental principle of differenzdruckmessung is based on the subtraction of
two pressure values. In a typical setup, a differential pressure (DP) transmitter
features two pressure-sensing chambers: the high-pressure side ($P{high}$) and
the low-pressure side ($P{low}$). The sensor element, often a metallic or ceramic
diaphragm, deflects according to the difference between these two pressures
($\Delta P = P{high} - P{low}$).

| Hydrostatic Pressure and Level

In the context of level measurement, differenzdruckmessung utilizes the
hydrostatic pressure exerted by a liquid column. The pressure at the bottom of a
tank is directly proportional to the height of the liquid, the density of the medium,
and the force of gravity. The formula is expressed as:

$$P = \rho \cdot g \cdot h$$

Where:
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- $P$% is the hydrostatic pressure (Pa or bar).

- $\rho$ (rho) is the density of the fluid ($kg/m~3$).

- $9$ is the gravitational constant (approx. $9.81 m/s™2%$).
- $h$ is the height of the liquid column (m).

In an open tank, the low-pressure side of the transmitter is vented to the
atmosphere, meaning the transmitter measures the gauge pressure at the bottom.
However, in closed, pressurized vessels, the pressure above the liquid (the top
pressure) must be subtracted to isolate the pressure generated solely by the liquid
height. This is where differenzdruckmessung becomes indispensable.

Differential Pressure for Level Measurement in
Industrial Tanks

Industrial applications often involve closed tanks where the internal atmosphere is
under vacuum or high pressure. Using a single-point pressure sensor would result
in an incorrect level reading because the sensor cannot distinguish between the
liguid's weight and the gas pressure above it.

| Open Tank Measurement

In an open-to-atmosphere tank, the installation is straightforward. The transmitter
is mounted at the lowest measurement point. The high-pressure side is connected
to the process, while the low-pressure side remains open to the ambient air. The
measured pressure is converted directly into a level reading based on the fluid's
density.
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| Closed Tank Measurement

For closed tanks, the low-pressure side of the transmitter must be connected to
the top of the vessel (the gas zone). This ensures that the internal vessel pressure
acts on both sides of the transmitter's diaphragm, effectively canceling each other
out. The resulting differential pressure represents only the hydrostatic head of the
liquid.

| Key Components and System Architecture

A differenzdruckmessung system is more than just the transmitter. Depending on
the process conditions, several components work in tandem to ensure accurate
data transmission.

1. The DP Transmitter: The core unit that converts mechanical diaphragm
deflection into an electrical signal (typically 4-20 mA with HART, Profibus, or
Foundation Fieldbus).

2. Impulse Lines: Small-bore pipes that carry the process pressure from the tank
tapping points to the transmitter. These must be installed with specific slopes to
prevent gas or liquid entrapment.

3. Manifolds: Usually 3-valve or 5-valve configurations, manifolds allow the
transmitter to be isolated from the process for calibration or maintenance without
shutting down the system. They also facilitate the "zeroing" of the instrument by
equalizing the pressure on both sides.

4. Remote Seals (Diaphragm Seals): In applications involving extreme
temperatures, highly corrosive chemicals, or hygienic requirements (food and
beverage), remote seals are used. They use a flexible diaphragm and a capillary
tube filled with a transmission fluid (like silicone oil) to isolate the transmitter from
the process media.
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Selection Criteria for Differential Pressure

Transmitters

Choosing the correct instrument for differenzdruckmessung requires a detailed
analysis of the process parameters. The following table provides a guideline for

evaluation criteria:

Pressure Range

Media Compatibility

Temperature

Accuracy

Mounting

Maximum operating pressure
vs. required $\Delta P$ span.

Corrosive or abrasive fluids.

Process temperature at the
tapping point.

Required precision for
inventory or process control.

Tank geometry and
accessibility.

Select a sensor with a static
pressure rating at least 1.5x
higher than the maximum
vessel pressure.

Use exotic materials like
Hastelloy C, Tantalum, or
Monel for diaphragms.

Use remote seals or cooling
siphons if temperatures
exceed $100"™ {\circ}Cs%.

Standard industrial
transmitters offer $0.075\%%
to $0.04\%$ accuracy of
span.

Ensure the transmitter is
mounted below the lowest
liquid level for liquid-filled
impulse lines.

| Installation Best Practices: Wet Leg vs. Dry Leg

One of the most critical aspects of differenzdruckmessung in closed tanks is
managing the reference leg (the connection to the top of the tank).
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| The Dry Leg Method

This is used when the gas above the liquid does not condense at ambient
temperatures. The impulse line remains filled with gas. If condensation occurs, it
can collect in the line, creating a "head" of liquid that introduces significant
measurement errors.

| The Wet Leg Method

If the gas is likely to condense (e.g., steam), the reference leg is intentionally filled
with a compatible liquid (usually the process fluid or water). This creates a
constant hydrostatic head on the low-pressure side. The transmitter must then be
calibrated to account for this constant offset, often referred to as "zero
suppression" or "zero elevation."

| Installation Checklist:

Slope: Impulse lines should have a slope of at least 1:12 to allow bubbles to rise or
condensate to drain.

Support: Ensure lines are supported to prevent vibration and mechanical stress.

Heat Tracing: In cold climates, impulse lines may require insulation or heating to
prevent freezing or changes in fluid density.

Comparison with Alternative Level Measurement
Technologies

While differenzdruckmessung is a robust and time-tested method, it is important to
compare it with modern alternatives like radar or ultrasonic sensors to determine
the best fit for a specific application.
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Differential Pressure Reliable, works with
foam/turbulence,
cost-effective for high

pressure.

Radar (Non-contact) Density independent, no
contact with media, high

accuracy.

Ultrasonic Low cost, easy to install on

open tanks.

Magnetic Gauges Visual indication, no power

required for basic level.

Dependent on density;
requires impulse lines or
seals.

Can be affected by very
heavy foam or internal tank
obstructions.

Affected by temperature
gradients, dust, and vacuum.

Mechanical parts can stick;
limited to clean liquids.

For a comprehensive overview of how these technologies compare in real-world
scenarios, visiting the Main Page can provide deeper technical insights into specific

product capabilities.

| Limitations and Common Risks

Despite its versatility, differenzdruckmessung has inherent limitations that

engineers must mitigate:

1. Density Variations: Since the measurement is based on weight, any change in
fluid density (due to temperature fluctuations or concentration changes) will result
in a level error. If the density varies significantly, a second DP transmitter or a
temperature compensation algorithm may be required to calculate the corrected

density.

2. Impulse Line Clogging: In applications with slurries or viscous fluids, impulse
lines can plug. This is usually solved by using flush-mounted remote seals.

3. Ambient Temperature Effects: For systems using remote seals with long
capillaries, changes in ambient temperature can cause the fill fluid to expand or
contract, leading to a "temperature drift" in the reading. This is minimized by

keeping capillary lengths short and equal on both sides.
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4. Static Pressure Influence: Very high static pressures can slightly shift the zero
point of the transmitter. High-quality transmitters are designed to minimize this
effect, but it should be checked during commissioning.

| Maintenance and Troubleshooting Common Issues

Regular maintenance ensures the longevity of differenzdruckmessung instruments.

Zero Point Check: Periodically equalize the manifold to ensure the transmitter
reads zero when there is no differential pressure. This compensates for any sensor
drift or changes in the reference leg.

Bleeding the Lines: For liquid-filled impulse lines, ensure no air bubbles are
trapped. For gas lines, ensure no liquid has accumulated.

Seal Integrity Check: Inspect remote seal diaphragms for dents, corrosion, or
buildup. A damaged diaphragm will lose its flexibility and provide inaccurate
readings.

| Frequently Asked Questions (FAQ)

Q: Can differenzdruckmessung be used for interface measurement?

A: Yes. By measuring the pressure difference between two points within a tank
containing two liquids of different densities (e.g., oil and water), the transmitter
can determine the level of the interface between them, provided the total level
remains above the top tapping point.

Q: How does vacuum affect a DP transmitter?

A: Standard DP transmitters can handle vacuum, but the selection of the fill fluid in
remote seals is critical. Under high vacuum, some fill fluids may boil or outgas,
destroying the measurement accuracy and potentially damaging the diaphragm.

Q: Is it possible to measure flow with differenzdruckmessung?
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A: Absolutely. By placing a primary flow element (like an orifice plate, Venturi tube,
or Pitot tube) in a pipe, a pressure drop is created that is proportional to the square
of the flow rate. The DP transmitter measures this drop to calculate flow.

Q: What is the benefit of using a digital manifold?

A: While traditional manifolds are manual, some modern systems integrate
electronic pressure sensors on both sides, eliminating the need for impulse lines
and wet/dry legs entirely. This is often called "Electronic Remote Sensor" (ERS)
technology.

| Conclusion

Differenzdruckmessung remains a cornerstone of industrial process control due to
its reliability and adaptability to extreme process conditions. While newer
technologies like non-contact radar offer density-independent measurements, the
mechanical robustness of differential pressure systems—especially when
combined with advanced remote seal technology—ensures they remain the
preferred choice for many high-pressure and high-temperature applications.

For professionals seeking to optimize their level measurement strategy, it is vital
to weigh the density sensitivity of DP systems against the installation complexities
of other methods. Detailed technical specifications and application-specific advice
can be found on the Welk Main Page, where our engineering team provides
support for selecting the most cost-effective and accurate solution for your facility.
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