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In the landscape of industrial automation and process control, pressure is one of
the most frequently measured physical quantities. For engineers and technicians
working with level measurement, understanding the specific unit of measurement
for pressure is not merely a matter of academic interest; it is a critical requirement
for ensuring system accuracy, safety, and cross-platform compatibility. Whether
monitoring a deep-water reservoir or a pressurized chemical reactor, the choice of
units affects how data is logged, how alarms are set, and how control loops are
tuned.

Pressure is defined as the force applied perpendicular to the surface of an object
per unit area over which that force is distributed. In industrial level measurement,
particularly when using hydrostatic methods, pressure is the proxy through which
we determine the height of a liquid. This article provides a comprehensive
technical overview of the various units used to quantify pressure, their
mathematical relationships, and their practical applications in modern engineering.

| Fundamental Principles of Pressure and Level

Before diving into specific units, it is essential to understand the physical principle
that links pressure to level measurement. Most industrial level sensors, such as
those found on the Main Page of professional instrumentation catalogs, rely on the
hydrostatic pressure principle. This principle states that the pressure at the bottom
of a liquid column is directly proportional to the height of that column, the density
of the liquid, and the local gravitational force.

The formula is expressed as:

P=pxgxh

Where:

P is the hydrostatic pressure.

p (rho) is the density of the liquid (kg/ms3).

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

h is the height of the liquid column (m).
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Because density and gravity are often treated as constants in a stable
environment, the "unit of measurement for pressure" becomes a direct indicator of
the liquid level. However, because different industries and regions utilize different
measurement systems, a variety of units have emerged as standards.

| Primary Units of Measurement for Pressure

Industrial pressure measurement is divided between the International System of
Units (Sl), the metric system (non-Sl), and the Imperial (US Customary) system.
Each has specific advantages depending on the scale of the process and the
required precision.

| The Pascal (Pa) and its Multiples

The Pascal is the Sl unit of pressure, defined as one Newton per square meter (1
N/m2). While the Pascal is the scientific standard, it is a very small unit for most
industrial applications. For example, the weight of a single sheet of paper resting
on a table exerts approximately 1 Pa of pressure. Consequently, industrial
engineers typically use multiples:

Kilopascal (kPa): 1,000 Pa. Commonly used for low-pressure gas systems and
shallow tank level measurement.

Megapascal (MPa): 1,000,000 Pa. Used in high-pressure hydraulic systems and
deep-well oil and gas applications.

| The Bar and Millibar (mbar)

Although not an official Sl unit, the bar is widely used in European and global
industrial engineering. One bar is defined as exactly 100,000 Pa (100 kPa), which is
approximately equal to the atmospheric pressure at sea level.

Bar: Standard for pneumatic and hydraulic systems.

Millibar (mbar): Frequently used in sensitive level applications, such as measuring
the headspace pressure in a tank or fine level changes in water treatment.
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| Pounds per Square Inch (PSI)

The PSI is the primary unit of measurement for pressure in the United States and
regions following US engineering standards. It represents a force of one
pound-force applied to an area of one square inch. In level measurement, PSl is
often subdivided into:

PSIG (Gauge): Pressure relative to atmospheric pressure.
PSIA (Absolute): Pressure relative to a perfect vacuum.

PSID (Differential): The difference between two pressure points, critical for
pressurized tank level measurement.

|Manometric Units (Water and Mercury Columns)

In many water-related industries, pressure is expressed in terms of the height of a
liquid column it can support.

Meters of Water Column (mHz20): Directly relates pressure to the height of a water
tank. 10 meters of water column is roughly equivalent to 1 bar.

Inches of Water (inH20): Common in HVAC and low-pressure air applications.

Millimeters of Mercury (mmHg): Historically used in vacuum systems and
barometric measurements, though increasingly replaced by electronic sensors
calibrated in kPa or mbar.

| Practical Selection and Conversion Table

When selecting a sensor or configuring a PLC (Programmable Logic Controller),
engineers must often convert between these units. The following table provides
the conversion factors for the most common units used in industrial level
measurement.
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Bar kPa 100

Bar PSI 14.5038
PSI kPa 6.89476
PSI bar 0.06894
mH:z0 (4°C) kPa 9.80665
mH:20 (4°C) bar 0.09806
inH20 (4°C) PSI 0.0361
kg/cm? bar 0.98066
MPa bar 10

Note: Values for water columns assume standard gravity and pure water at
maximum density (4°C).

| Industry-Specific Unit Preferences

The choice of the unit of measurement for pressure often depends on the specific
industry and the historical standards of the region.

| water and Wastewater Treatment

In this sector, the focus is typically on the height of the water in reservoirs, basins,
or wells. Therefore, mHz0 or bar are the preferred units. Hydrostatic level
transmitters are often calibrated to output 1 bar for every 10.19 meters of water.
This allows operators to visualize the physical height of the fluid directly from the
pressure reading.
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| Oil and Gas Industry

The oil and gas industry deals with extreme pressures and requires high precision.
In the North American market, PSl is the standard. For international offshore
projects, bar or MPa are more common. Because the density of oil varies
significantly with temperature and grade, these industries rely heavily on precise
pressure-to-level calculations that account for specific gravity changes.

| Chemical Processing

Chemical plants often use a mix of units depending on the origin of the equipment.
However, the kPa is increasingly favored as a universal Sl-compliant unit. Since
many chemical reactions take place in pressurized vessels, differential pressure
(DP) transmitters are used, and the unit of measurement for pressure must be
consistent across the high-pressure and low-pressure sides of the sensor to
prevent calculation errors.

| Installation and Calibration Considerations

When implementing a level measurement solution based on pressure, the physical
installation is as important as the unit selection.

1. Atmospheric Compensation: For vented tanks, the sensor must measure gauge
pressure (relative to the atmosphere). This is usually achieved through a vent tube
in the sensor cable. If the "unit of measurement for pressure" is absolute (PSIA),
the system must subtract the current barometric pressure to find the liquid level.

2. Mounting Position: The sensor must be located at a known "zero" point. Any
liquid below the sensor diaphragm will not be measured. If the sensor is mounted
0.5 meters above the tank floor, the PLC must add this offset to the calculated
level.

3. Specific Gravity Adjustment: Pressure sensors measure weight, not height. If the
liquid density changes (e.g., due to temperature fluctuations), the pressure reading
will change even if the level remains the same. Modern transmitters, such as those
provided by Welk, allow for density compensation in the software.

Welk Reference Guide 6



WELK REFERENCE GUIDE Unit of Measurement for Pressure

4. Unit Consistency: Ensure that the sensor's output (e.g., 4-20mA scaled to 0-10
bar) matches the input configuration of the receiving controller. A mismatch
between a sensor calibrated in bar and a PLC programmed for PSI can lead to
catastrophic overflows or dry-run conditions.

| Limitations and Common Risks

While using pressure to measure level is a reliable and cost-effective method,
there are inherent limitations that engineers must manage:

Density Sensitivity: As mentioned, density is a variable. In applications with varying
temperatures or multi-phase liquids, hydrostatic pressure may require secondary
temperature sensors to maintain accuracy.

Diaphragm Fouling: In wastewater or slurries, solids can build up on the sensor
diaphragm. This changes the effective area or adds mechanical resistance, leading
to an incorrect unit of measurement for pressure reading.

Overpressure Events: Every sensor has a maximum burst pressure. Selecting a
sensor with a range too close to the process pressure can result in permanent
deformation of the sensing element, leading to "zero drift."

Turbulence: In agitated tanks, the localized pressure at the sensor may fluctuate.
Using stilling wells or electronic damping (averaging the signal over time) can
mitigate this risk.

| Frequently Asked Questions (FAQs)

Q: Why is 1 bar not exactly equal to 1 atmosphere?

A: A bar is a metric unit defined as 100,000 Pascals. One standard atmosphere
(atm) is defined as 101,325 Pascals. While they are close, the difference of 1.3% is
significant in high-precision industrial applications.

Q: Can | use a pressure sensor designed for air to measure liquid level?
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A: Technically, yes, if the materials are compatible. However, liquid level sensors
(hydrostatic transmitters) are specifically designed with waterproof housings and
vented cables to handle submersion and atmospheric compensation, which
standard air pressure sensors lack.

Q: How does temperature affect the unit of measurement for pressure?

A: Temperature affects both the sensor hardware (thermal expansion of the
diaphragm) and the fluid being measured (density changes). High-quality sensors
include internal temperature compensation to correct for hardware errors, but
process-side density changes must be handled by the control system.

Q: What is the difference between gauge pressure and absolute pressure in level
measurement?

A: Gauge pressure ignores atmospheric pressure, making it ideal for open tanks.
Absolute pressure includes atmospheric pressure. If you use an absolute sensor on
an open tank, your level reading will change whenever the weather (barometric
pressure) changes.

| Conclusion

Selecting and understanding the correct unit of measurement for pressure is a
cornerstone of successful industrial level monitoring. From the scientific precision
of the Pascal to the practical utility of the bar and PSI, each unit serves a specific
role in the global engineering ecosystem. By maintaining a clear understanding of
conversion factors, industry standards, and the physical limitations of hydrostatic
measurement, professionals can ensure their systems remain accurate and
reliable. For those seeking high-performance hardware to implement these
measurements, exploring the technical specifications of radar, ultrasonic, and
hydrostatic instruments is the next logical step in optimizing process control.
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