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What Is a Pressure Unit

A practical guide to what is a pressure unit, covering the reader intent, the
relationship to what is a pressure unit, key evaluation criteria, common risks, and
the information the intended project audience should confirm before taking the
next step.
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In the field of industrial process control and fluid mechanics, pressure is one of the
most frequently measured physical quantities. For engineers and technicians
involved in tank level monitoring, understanding what is a pressure unit and how
different scales relate to one another is essential for ensuring accuracy, safety,
and equipment compatibility. Pressure measurement is the cornerstone of
hydrostatic level sensing, a method widely used by manufacturers like Welk to
provide reliable data in water treatment, chemical processing, and oil and gas
applications.

At its most basic level, pressure is defined as the force exerted perpendicular to
the surface of an object per unit area over which that force is distributed. When we
ask "what is a pressure unit," we are essentially looking for the standardized scale
used to quantify this force-to-area ratio. Because different industries and regions
have developed their own standards over centuries, a variety of units exist,
ranging from the International System of Units (SI) to various imperial and
manometric scales.

The Fundamental Principles of Pressure
Measurement

Before diving into specific units, it is important to understand the physical principle
behind pressure. The mathematical formula is $P = F / A$, where $P$ is pressure,
$F$ is force, and $A$ is area. In industrial liquid measurement, we often deal with
fluid pressure, which can be categorized into three types:

1. Absolute Pressure: Measured relative to a perfect vacuum. It is used in
high-precision scientific applications and some specialized chemical processes.

2. Gauge Pressure: Measured relative to the ambient atmospheric pressure. This is
the most common type of measurement in industrial tanks. If a gauge reads zero,
it means the internal pressure is equal to the local atmospheric pressure.

3. Differential Pressure: The difference in pressure between two distinct points.
This is frequently used to measure level in pressurized vessels or to monitor filter
clogs.
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In the context of level measurement, hydrostatic pressure is the primary focus.
According to Stevin's Law, the pressure at a certain depth in a static liquid is
determined by the density of the liquid, the acceleration due to gravity, and the
height of the liquid column above the measurement point ($P = \rho gh$).
Therefore, by measuring the pressure at the bottom of a tank, an industrial
instrument can calculate the exact liquid level.

| Defining the Primary Pressure Units

When evaluating what is a pressure unit for a specific application, you will
encounter several common scales. These are generally divided into Sl units, non-Sli
metric units, and imperial units.

| The Pascal (Pa) and Sl Units

The Pascal is the official Sl unit of pressure. One Pascal is defined as one Newton
of force applied to one square meter of area ($1 Pa = 1 N/m~™2$). Because the
Pascal is a very small unit, industrial applications typically use kilopascals (kPa) or
megapascals (MPa).

| The Bar

While not strictly an Sl unit, the Bar is widely used in European industrial
engineering. It is conveniently scaled to be approximately equal to atmospheric
pressure at sea level. One bar is exactly equal to 100,000 Pascals (100 kPa).

| Pounds per Square Inch (PSI)

PSl is the standard unit in the United States and other regions using the imperial
system. It represents one pound-force applied to an area of one square inch. Itis
commonly used in hydraulic and pneumatic systems, as well as oil and gas
processing.
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|Manometric Units (mH20, mmHg, inH20)

These units are based on the height of a liquid column that the pressure can
support. For example, meters of water column (mH20) or inches of water (inH20)
are frequently used in level measurement because they provide a direct visual
representation of the liquid height in a tank. Millimeters of mercury (mmHg) or Torr
are more common in vacuum and medical applications.

| Pressure Unit Conversion and Comparison
To ensure system compatibility, engineers must often convert between these

units. The following table provides a quick reference for the most common
conversions encountered in level measurement and process automation.

Pascal (Pa) mH20
(approx.)

1 Pascal $10™{-5}% $1.4503 \times $1.0197 \times
10~ {-4}% 107{-4}%

1 Bar 100,000 1 14.5038 10.197

1 PSI 6,894.76 0.0689 1 0.703

1 mH20 9,806.65 0.0981 1.422 1

1 atm 101,325 101325 14.696 10.33

Note: mH20 values depend slightly on water density, which varies with
temperature. Standard values typically assume water at 4°C (39.2°F).

For professionals selecting new instrumentation, reviewing the comprehensive
technical specifications on the Main Page of a manufacturer’s site can help clarify
which units are supported by specific sensor models.
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|App|ication of Pressure Units in Level Measurement

In practical B2B scenarios, the choice of pressure unit often dictates the resolution
and accuracy of the level reading. Hydrostatic level transmitters, such as those
manufactured by Welk, convert the weight of the liquid column into an electrical
signal (usually 4-20mA or a digital protocol like RS485).

If a water tank is 10 meters deep, the pressure at the bottom will be approximately
1 bar (or 100 kPa). If the technician configures the sensor to read in mH20, the
output is intuitive: 10 mH20 equals 10 meters of water. However, if the liquid is a
chemical with a specific gravity of 1.2, the pressure at 10 meters depth would be
1.2 bar. In this case, using a generic pressure unit like kPa or PSI and performing
the density calculation in the PLC (Programmable Logic Controller) is often the
more accurate approach.

| Selection Criteria for Pressure-Based Instruments

When selecting a level meter based on pressure measurement, consider the
following factors:

Measurement Range: Ensure the sensor’s pressure range matches the maximum
possible head pressure in the tank. A sensor with too high a range will lose
resolution, while one with too low a range will be damaged by overpressure.

Media Compatibility: The diaphragm of the pressure sensor must be resistant to
the chemical properties of the liquid. Stainless steel 316L is standard, but
aggressive chemicals may require Tantalum or Hastelloy.

Environmental Conditions: High temperatures can affect the density of the liquid
and the expansion of the sensor components. Temperature compensation is a
critical feature for high-accuracy applications.

Venting Requirements: For gauge pressure sensors, a small vent tube is usually
included in the cable to allow the sensor to compensate for changes in
atmospheric pressure. This prevents errors caused by weather-related barometric
shifts.
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| Installation Considerations and Best Practices

Proper installation is vital for any instrument measuring pressure units for level.
For hydrostatic transmitters, the following steps are recommended:

1. Positioning: The sensor should be placed at the lowest point of the tank where a
measurement is required, but ideally slightly above the very bottom to avoid silt or
sediment buildup that could clog the diaphragm.

2. Stability: In turbulent tanks (e.g., those with agitators), the sensor should be
installed inside a stilling well—a vertical pipe that dampens wave action and
protects the sensor from mechanical stress.

3. Cable Protection: The vented cable should not be kinked or blocked. If the cable
terminates in a junction box, the box should be moisture-resistant but allow for
atmospheric pressure equalization.

4. Calibration: Periodic zero-point calibration is necessary, especially if the sensor
is moved to a different elevation or if the ambient conditions change significantly.

| Limitations of Pressure-Based Level Measurement

While highly reliable and cost-effective, pressure-based measurement has
limitations that engineers must acknowledge:

Density Sensitivity: Since pressure depends on density ($P = \rho gh$), any change
in the liquid's density (due to temperature fluctuations or concentration changes)
will result in a level error unless compensated for.

Pressurized Tanks: In closed, pressurized vessels, a simple hydrostatic sensor
cannot distinguish between the liquid's head pressure and the gas blanket
pressure above it. In these cases, a differential pressure (DP) transmitter is
required.

Mechanical Wear: Diaphragms are thin and can be damaged by solids in the liquid
or by high-pressure spikes (water hammer).
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| Frequently Asked Questions (FAQ)

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

A: A Bar is a metric unit defined as exactly 100,000 Pascals. An Atmosphere (atm)
is based on the average air pressure at sea level, which is approximately 101,325
Pascals. While they are close, the difference is about 1.3%, which is significant in
precision engineering.

Q: Can | use a pressure sensor designed for water on oil?

A: Yes, but you must account for the difference in density. Oil is typically less
dense than water (specific gravity ~0.8 to 0.9). A pressure that indicates 8 meters
of water would actually represent approximately 10 meters of oil.

Q: What is the difference between kPa and mbar?

A: Both are metric units. $1 kPa = 10 mbar$. Many European manufacturers prefer
mbar for low-pressure applications, while Sl-compliant systems prefer kPa.

Q: How do | choose between a submersible pressure sensor and an external one?

A: Submersible sensors are ideal for open wells, reservoirs, and tanks without
bottom outlets. External sensors (mounted via a flange or thread at the bottom of
the tank) are preferred for process tanks where the sensor needs to be isolated for
maintenance without emptying the tank.

Understanding what is a pressure unit and the nuances of hydrostatic force allows
for the implementation of more robust automation systems. By selecting the
correct measurement scale and accounting for environmental variables, industrial
operators can achieve the high levels of precision required in modern
manufacturing. For those seeking specific hardware solutions, exploring the
diverse range of transmitters and gauges available from professional
manufacturers is the next logical step in system design.
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