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A Tool That Measures Mass

A practical guide to a tool that measures mass, covering the reader intent, the
relationship to a tool that measures mass, key evaluation criteria, common risks,
and the information the intended project audience should confirm before taking
the next step.
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In industrial process control, the requirement to quantify the amount of material
within a vessel often fluctuates between needing a measurement of volume (level)
and a measurement of mass. While a traditional scale or load cell is the most
direct tool that measures mass, industrial environments—particularly those
involving large tanks, corrosive chemicals, or high-pressure reactors—frequently
utilize level measurement instruments as the primary data source for mass
calculation.

Understanding how to select and implement a tool that measures mass through
indirect or inferential methods is critical for inventory management, custody
transfer, and process safety. This guide explores the principles of mass
measurement in industrial tanks, comparing direct and indirect technologies to
help engineers determine the most effective solution for their specific application.

The Principles of Mass Measurement in Industrial
Vessels

Mass is an intrinsic property of matter that does not change with temperature or
pressure, unlike volume. In a closed system, there are two primary ways to
determine the mass of a liquid or solid: direct weighing and hydrostatic calculation.

| 1. Direct Weighing (Load Cells)

A load cell is a transducer that converts force (weight) into an electrical signal.
When a tank is mounted on load cells, the system acts as a tool that measures
mass directly. The total weight of the vessel and its contents is measured, and the
known weight of the empty vessel (tare) is subtracted to find the net mass.

| 2. Hydrostatic Pressure Principle

Hydrostatic level transmitters are the most common alternative for mass
determination in liquid storage. The principle is based on the equation:

P=pxgxh

Where:
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P is the hydrostatic pressure at the bottom of the tank.
p (rho) is the density of the fluid.

g is the gravitational constant.

h is the height of the liquid column.

In a vertical tank with a uniform cross-sectional area (A), the total mass (M) of the
liquid is independent of the density if we measure the total pressure at the bottom.
Since Force = Pressure x Area and Weight = Mass x g, the mass can be calculated
as:

Mass = (Pressure x Area) /g

In this configuration, a hydrostatic transmitter effectively becomes a tool that
measures mass by sensing the total weight of the liquid column above the sensor
diaphragm, regardless of temperature-induced density changes.

| Comparing Technologies for Mass Determination

Choosing the right instrument depends on the physical state of the material, the
vessel geometry, and the required accuracy. Below is an overview of the primary
technologies provided by manufacturers like Welk to facilitate these
measurements.

| Hydrostatic Level Transmitters
As discussed, these are the primary choice for mass measurement in liquids. They
are robust, cost-effective, and easy to install. In pressurized tanks, a differential

pressure (DP) transmitter is used to subtract the headspace pressure from the total
bottom pressure, ensuring the mass calculation remains accurate.
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| Radar Level Meters

Radar sensors measure the distance to the product surface (level). To use radar as
a tool that measures mass, the system must integrate a secondary input for
density and the tank's strapping table (volume-to-height mapping). Radar is
preferred for non-contact applications or where the fluid density is highly
inconsistent and must be measured separately.

| Ultrasonic Level Sensors

Similar to radar, ultrasonic sensors provide volume data. They are ideal for water
treatment and open-air applications. However, they are less suitable as a primary
tool that measures mass in volatile chemical environments because changes in the
vapor space composition can affect the speed of sound and, consequently, the
accuracy of the level (and mass) reading.

Selection Table: Choosing the Right Measurement
Tool
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Technology Measurement Accuracy Ideal
Type (Mass) Application
Load Cells Direct Mass Very High Small to Expensive to
(0.03% - 0.1%) medium tanks, retrofit; requires

solids flexible piping

Hydrostatic Inferential Mass High (0.1% - Large liquid Requires stable

Transmitters 0.5%) storage, oils, tank bottom;
chemicals density must be

known for level

Radar Level Volume-Based Moderate Corrosive Accuracy
Meters (requires liquids, depends on
density) high-temp density and
reactors tank geometry
accuracy
Magnetic Level Visual/Level Low (for mass) Boiler drums, Moving parts;
Gauges fuel tanks requires density
for mass
calculation
Ultrasonic Volume-Based Moderate Water/Wastewater Not for vacuum
Sensors or
high-pressure
vessels

For engineers evaluating these technologies for specific industrial projects,
reviewing the Main Page of an instrument specialist can provide detailed technical
specifications and compatibility charts.

| Installation Considerations for Accuracy

To ensure a level instrument functions effectively as a tool that measures mass,
several installation factors must be addressed:

1. Tank Geometry and Calibration: For volume-to-mass conversion, an accurate
strapping table is required. Even minor deviations in tank diameter or the presence
of internal baffles can introduce errors in mass calculation.
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2. Mounting Location: Hydrostatic sensors must be mounted at the lowest possible
point in the tank to measure the entire liquid column. If a sensor is mounted 100
mm above the bottom, the "dead volume" below the sensor must be accounted for
mathematically.

3. Pressure Compensation: In closed vessels, the pressure in the vapor space must
be compensated for. Using a differential pressure transmitter or two synchronized
absolute pressure sensors is hecessary to isolate the mass of the liquid from the
vessel's internal pressure.

4. Temperature Effects: While mass is constant, the expansion of the tank material
itself at high temperatures can slightly change the cross-sectional area. In
high-precision applications, temperature compensation for the vessel geometry is
required.

| Limitations and Environmental Factors

While modern instrumentation is highly advanced, certain limitations exist when
using a level sensor as a tool that measures mass:

Aeration and Bubbles: In agitated tanks or processes involving aeration, the
presence of air bubbles reduces the effective density of the fluid. A hydrostatic
sensor will measure a lower pressure (and thus a lower mass) even if the level
appears high.

Sedimentation: The buildup of sludge or solids at the bottom of a tank can coat the
diaphragm of a hydrostatic transmitter, leading to drift or measurement failure.

Multi-phase Liquids: If a tank contains stratified layers of different liquids (e.g., oil
and water), a single hydrostatic sensor can only measure the total mass. It cannot
distinguish the mass of the individual components without additional interface
level sensors.

|Frequent|y Asked Questions (FAQs)

Q: Can a radar level meter be a tool that measures mass?
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A: Indirectly, yes. A radar meter measures the distance to the surface to determine
volume. If the density of the material is constant or measured by a separate probe,
the control system can calculate the mass. However, it is not a direct mass sensor.

Q: Why use hydrostatic pressure for mass instead of load cells?

A: Hydrostatic transmitters are generally easier and cheaper to install on existing
large tanks. Load cells require the entire tank to be supported by the sensors,
which is often structurally impossible for 500,000-liter storage vessels.

Q: How does specific gravity affect mass measurement?

A: If you are using a hydrostatic transmitter to measure level, you must know the
specific gravity. However, if you are using it to measure mass in a uniform tank,
the specific gravity is actually factored out of the equation, as the sensor is
essentially weighing the liquid column.

Q: What units are typically used for industrial mass measurement?

A: In most global industrial applications, the metric system is used (Kilograms or
Metric Tons). In the United States, Pounds (Ibs) or Short Tons are common. Most
modern transmitters can be configured to output any of these units via HART or
Modbus protocols.

| Conclusion

Selecting a tool that measures mass in an industrial context requires a thorough
analysis of the media properties and the vessel's structural constraints. While load
cells offer the highest direct accuracy, hydrostatic level transmitters provide a
reliable and scalable solution for mass measurement in liquid storage and
processing. By understanding the relationship between pressure, volume, and
density, engineers can implement measurement strategies that ensure process
efficiency and inventory accuracy. For further technical guidance on selecting the
appropriate sensor for your application, consult the professional resources
available on the Main Page of your equipment provider.
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