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Differential pressure transmitters (DP transmitters) are among the most versatile
and widely utilized instruments in industrial process control. While they are
frequently associated with flow measurement via primary elements like orifice
plates, their role in level measurement is equally critical, particularly in pressurized
vessels and complex chemical processing environments. This guide examines the
engineering principles, selection criteria, and installation requirements for
differential pressure transmitters to assist engineers in optimizing their level
measurement strategies.

Understanding the Measurement Principle of
Differential Pressure Transmitters

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

P=pxXxgxh

Where:

P is the hydrostatic pressure (typically measured in Pascals or bar).
p (rho) is the density of the liquid (kg/m?3).

g is the acceleration due to gravity (approximately 9.81 m/s?).

h is the height of the liquid column (meters).

A differential pressure transmitter features two sensing ports: a High-Pressure (HP)
side and a Low-Pressure (LP) side. The device measures the difference in pressure
between these two points and converts it into an electrical signal, typically a
4-20mA HART, Foundation Fieldbus, or Profibus output.

In the context of level measurement, the transmitter is usually mounted at or
below the minimum liquid level (the zero point). The HP side is connected to the
bottom of the tank to sense the total pressure (liquid head plus any vapor space
pressure). The LP side connection depends on whether the tank is open to the
atmosphere or pressurized.
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Applications in Level Measurement: Open vs. Closed
Tanks

The configuration of differential pressure transmitters varies significantly based on
the vessel type. Understanding these configurations is essential for accurate
calibration and reliable performance.

| Open (Vented) Tanks

In an open tank, the surface of the liquid is exposed to atmospheric pressure. To
measure the level, the HP side of the DP transmitter is connected to the bottom of
the vessel, while the LP side is vented to the atmosphere. Since both the top of the
liquid and the LP side of the transmitter experience the same atmospheric
pressure, the pressures cancel each other out. The transmitter effectively
measures only the hydrostatic pressure exerted by the liquid height.

| Closed (Pressurized) Tanks

In closed systems, such as boilers or chemical reactors, the space above the liquid
is often filled with pressurized gas or vapor. If an open-vented transmitter were
used, the vapor pressure would add to the liquid head pressure, causing a massive
error in level reading.

To compensate for this, the LP side of the DP transmitter is connected to the top of
the vessel (the vapor space). This ensures that the vapor pressure is applied to
both sides of the sensing diaphragm. The transmitter subtracts the vapor pressure
from the total pressure at the bottom, leaving only the pressure generated by the
liquid column height.

| Impulse Lines and Remote Seals

The method of connecting the transmitter to the process is a critical engineering
decision. There are two primary methods: impulse piping and remote diaphragm
seals.
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| Impulse Piping (Wet and Dry Legs)

Impulse lines are small-diameter pipes or tubes that carry the process pressure to
the transmitter.

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

Wet Leg: Used when the vapor is likely to condense (e.g., steam). The LP line is
intentionally filled with a reference liquid (often the process fluid or a glycol mix) to
prevent erratic readings caused by random condensation. This requires "Zero
Elevation" during calibration to account for the constant pressure of the liquid-filled

leg.

| Remote Diaphragm Seals

In many modern B2B applications, remote seals are preferred over impulse lines.
These consist of a flexible diaphragm connected to the transmitter via a fluid-filled
capillary tube. Remote seals are recommended when:

The process fluid is highly corrosive and could damage the transmitter internals.
The fluid contains solids that might plug impulse lines.
The process temperature exceeds the transmitter’s operating limits.

The fluid is hygienic (food/pharmaceutical) and requires a flush-mount connection
to avoid stagnant pockets.

|Critica| Selection Criteria for Industrial Applications

Selecting the correct differential pressure transmitters requires a detailed analysis
of the process conditions. Engineers should evaluate the following factors:
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| 1. Pressure Range and Turndown Ratio

The transmitter must be capable of measuring the maximum hydrostatic head
expected. However, it is also important to consider the "turndown ratio"—the ratio
between the maximum range and the minimum span the device can measure
while maintaining accuracy. High-quality instruments from manufacturers like Welk
offer high turndown ratios, allowing one model to be used across various tank
sizes.

| 2. Wetted Materials

The sensing diaphragm is the only part of the transmitter in direct contact with the
process (unless using remote seals). Common materials include:

316L Stainless Steel: Standard for water and non-corrosive chemicals.
Hastelloy C-276: For aggressive acids and chlorides.
Tantalum: For highly corrosive chemical service.

Monel: Used in hydrofluoric acid or seawater applications.

| 3. Accuracy and Stability

For inventory control and custody transfer, high-precision transmitters with
accuracies of £0.04% or better are required. For simple process control or pump
protection, a standard accuracy of £0.1% or +0.2% is usually sufficient. Long-term
stability (the ability of the device to maintain calibration over years) is also a key
factor in reducing maintenance costs.
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| 4. Environmental Ratings

Industrial environments often involve extreme temperatures, humidity, and
potential explosive atmospheres. Transmitters should carry appropriate ingress
protection (IP66/67) and hazardous area certifications (ATEX, IECEx, or FM) if
applicable.

| Practical Selection Table

Application Feature Recommended Key Consideration

Configuration

Clean Water (Open Tank) Direct Mount, Vented LP Cost-effective, simple
installation.
Steam Boiler (Closed Tank) Wet Leg or Remote Seal Must account for condensate
in LP line.
Corrosive Acids Remote Diaphragm Seal Protects transmitter from
(Tantalum/Hastelloy) chemical attack.
Hygienic Food Processing Flush Diaphragm Remote Eliminates bacteria growth
Seal points.
Slurries/High Viscosity Large Diameter Remote Seal Prevents clogging of the

sensing port.

| Installation Guidelines and Best Practices

Proper installation is as important as the device selection itself. Even the most
accurate differential pressure transmitters will provide false data if installed
incorrectly.

1. Mounting Position: The transmitter should ideally be mounted below the HP tap
to allow any entrained gas bubbles in the impulse line to rise back into the tank. If
mounted above the tap, the lines must be sloped, and air vent valves must be
installed.
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2. Manifold Valves: Always use a 3-valve or 5-valve manifold. This allows the
transmitter to be isolated from the process for maintenance or zero-checking
without shutting down the entire system. The equalizing valve on the manifold is
essential for protecting the diaphragm from over-pressure during startup.

3. Temperature Effects: If using capillaries (remote seals), ensure that both
capillaries are the same length and are routed together. This ensures that any
ambient temperature changes affect both the HP and LP sides equally, canceling
out the error.

4. Zero Calibration: Once installed and filled (if using wet legs), the transmitter
must be zeroed at the actual process site to account for the weight of the liquid in
the impulse lines or capillaries.

| Limitations and Operational Risks

While highly reliable, differential pressure transmitters have specific limitations
that engineers must manage:

Density Sensitivity: Since the measurement is based on $P = pgh$, any change in
the liquid density (p) will result in a level error. Density changes are usually caused
by temperature fluctuations. In applications where temperature varies
significantly, a temperature-compensated system or a different technology (like
radar) may be required.

Vapor Space Variations: In closed tanks, if the vapor density becomes significant
(e.g., high-pressure CO2), it can exert its own hydrostatic head on the LP side,
leading to measurement errors.

Mechanical Damage: The sensing diaphragms are extremely thin (often 0.05mm to
0.1mm). They can be easily damaged by pressure spikes (water hammer) or by
personnel poking the diaphragm during cleaning.

|Frequent|y Asked Questions (FAQs)

Q: How often should a DP transmitter be calibrated?
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A: Most modern digital transmitters are stable for 2 to 5 years. However, in critical
safety applications or highly corrosive environments, annual verification is
recommended.

Q: Can a DP transmitter measure the level of two different liquids in the same tank
(Interface Level)?

A: Yes. If the transmitter is always submerged in the liquids, it can measure the
interface between a heavier liquid (e.g., water) and a lighter liquid (e.g., oil),
provided the total level remains above the top tap.

Q: What is the difference between "Zero Suppression” and "Zero Elevation"?

A: Zero suppression is used when the transmitter is mounted below the tank
bottom, and the impulse line is dry. Zero elevation is used when the transmitter
has a "wet leg" (the LP line is filled with liquid), which creates a constant pressure
that must be subtracted from the reading.

| Conclusion and Next Steps

Differential pressure transmitters remain a cornerstone of industrial level
measurement due to their proven reliability and adaptability. By understanding the
relationship between hydrostatic pressure and liquid height, and by carefully
selecting materials and installation methods, process engineers can achieve highly
accurate results even in challenging environments. For those seeking specific
product specifications or technical support for level measurement projects, you
can Review product options and application support on our Main Page to find the
ideal solution for your facility’s requirements.

When evaluating your next installation, ensure that you have confirmed the fluid
density, maximum operating pressure, and chemical compatibility to ensure the
longevity and accuracy of your instrumentation.
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