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In the field of industrial process control, the Coriolis principle represents one of the
most accurate and reliable methods for measuring fluid mass flow and density.
Unlike volumetric flow meters, which measure the space a fluid occupies, Coriolis
meters measure the actual mass of the fluid moving through a system. This
distinction is critical in industries such as chemical processing, oil and gas, and
food production, where temperature and pressure fluctuations can significantly
alter fluid volume but do not change its mass.

Understanding the Coriolis principle requires a look into the physics of rotational
mechanics and inertia. When applied to modern instrumentation, this principle
allows for multi-parameter measurement—including mass flow, density, and
temperature—within a single device. This guide explores the fundamental physics,
engineering applications, and selection criteria for instruments based on the
Coriolis effect.

| Understanding the Physics of the Coriolis Principle

The Coriolis principle is named after Gaspard-Gustave de Coriolis, a 19th-century
French mathematician and physicist. At its core, the principle describes an inertial
force that acts on objects in motion within a frame of reference that is rotating. In
the context of industrial flow meters, this rotation is replaced by high-frequency
oscillation.

| The Apparent Force

When a fluid moves through a vibrating tube, it experiences a Coriolis acceleration.
As the fluid moves toward the point of maximum vibration (the center of the tube),
it resists being accelerated upward by the tube's motion. Conversely, as the fluid
moves away from the center toward the outlet, it resists being decelerated. This
resistance is an expression of inertia.
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| Phase Shift and Measurement

In a typical Coriolis meter, one or two measuring tubes are driven to vibrate at
their resonant frequency by an electromagnetic drive coil. When there is no flow,
the inlet and outlet sections of the tube vibrate in unison (in phase). However,
when fluid begins to flow, the Coriolis force causes the tube to twist.

The inlet side of the tube lags behind the driving motion, while the outlet side leads
it. This difference in timing between the two ends of the tube is known as the
"phase shift." The magnitude of this phase shift is directly proportional to the mass
flow rate. By measuring this time delay ($At$) using precision sensors (pick-offs),
the transmitter can calculate the exact mass of the fluid passing through the meter
per unit of time.

How Coriolis Meters Measure Density and
Temperature

One of the primary advantages of the Coriolis principle is its ability to provide
secondary measurements without additional hardware. This makes it a versatile
tool for complex process environments.

| Density Measurement

The measuring tubes in a Coriolis meter vibrate at their natural resonant
frequency. This frequency is determined by the mass of the tube and the mass of
the fluid inside it. Since the volume of the tube is fixed, any change in the fluid's
density will change the total mass of the system, thereby shifting the resonant
frequency.

High Density: Lower resonant frequency.
Low Density: Higher resonant frequency.

By monitoring this frequency, the meter can calculate the fluid's density in
real-time, often with an accuracy of £1 kg/m3.
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| Temperature Measurement

Because the elasticity of the measuring tubes changes with temperature, Coriolis
meters include an integrated Resistance Temperature Detector (RTD). This sensor
monitors the tube temperature to compensate for changes in tube stiffness,
ensuring the mass flow and density calculations remain accurate. This temperature
data is also typically available as an output for the process control system.

| Key Components of a Coriolis Instrument

To implement the Coriolis principle in a rugged industrial environment, several key
components must work in harmony:

1. Measuring Tubes: Usually made of stainless steel, Hastelloy, or titanium. They
can be U-shaped, curved, or straight depending on the application requirements
for pressure drop and drainability.

2. Drive Coil: An electromagnetic assembly that maintains the tube's oscillation at
its resonant frequency.

3. Pick-off Sensors: Located at the inlet and outlet, these sensors detect the motion
of the tubes to measure the phase shift.

4. Transmitter: The "brain" of the unit that processes raw signals from the sensors,
performs compensation calculations, and provides outputs (e.g., 4-20mA, HART,
Modbus).

| Selection Criteria and Engineering Considerations

Selecting the right instrument based on the Coriolis principle requires balancing
accuracy requirements against physical constraints. Engineers should evaluate the
following parameters before procurement.

| Technical Selection Table
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Flow Rate Range

Fluid State

Pressure Drop

Material Compatibility

Accuracy Class

Process Temperature

| Tube Geometry

Minimum and maximum
mass flow (kg/h).

Liquid, gas, or slurry.

Maximum allowable bar (psi)
loss.

Chemical properties of the
fluid.

+0.1%, £0.2%., or. £0.5%.

Operating range in £°C.

Determines the meter size
and accuracy at low flow
(turndown).

Gases require higher
sensitivity; slurries require
abrasion-resistant liners.

U-shaped tubes create more
pressure drop than
straight-tube designs.

Affects tube longevity;
requires specific alloys for
corrosive media.

Higher accuracy increases
costs; must match process
requirements.

High temperatures may
require remote-mounted
electronics.

U-Shaped Tubes: Offer the highest sensitivity and turndown ratios because the
geometry amplifies the Coriolis effect. However, they are harder to drain and have

a larger footprint.

Straight Tubes: Easier to clean and drain (CIP/SIP compatible), making them ideal
for the food and pharmaceutical industries. They also result in a lower pressure

drop but may be more susceptible to external vibration.

| Installation and Maintenance Best Practices

While Coriolis meters are highly accurate, their performance is heavily dependent
on proper installation. Because the measurement relies on detecting minute
vibrations, external factors must be controlled.
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| Mechanical Isolation

The meter must be installed in a way that isolates it from pipe vibration. Using
robust supports on both the inlet and outlet piping is essential. Flexible connectors
are sometimes used, but they must be implemented carefully to avoid introducing
stress on the meter body.

| Orientation

Liquids: The meter should ideally be installed in a vertical pipe with upward flow to
ensure the tubes remain full and to prevent sediment buildup.

Gases: The meter should be installed in a way that allows any condensed liquids to
drain out, typically at a high point in the piping or in a vertical line with downward
flow.

| Zero Calibration

Upon installation and under full-pipe, zero-flow conditions, a "zero-point
calibration" must be performed. This accounts for the specific mechanical stresses
of the piping installation and ensures the baseline for the phase shift measurement
is accurate.

| Limitations and Challenges

Despite their versatility, instruments using the Coriolis principle face certain
limitations:

1. Entrained Gas: Small amounts of gas in a liquid (slug flow) can dampen the tube
vibrations, leading to measurement errors or "stalling" of the drive circuit. Modern
digital transmitters have improved capabilities to handle two-phase flow, but it
remains a challenge.
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2. Initial Cost: Coriolis meters are generally more expensive than magnetic or
ultrasonic flow meters. The investment is typically justified by the reduction in
secondary instrumentation and the high accuracy provided.

3. Size Constraints: As pipe diameters increase (above 250 mm or 10 inches),
Coriolis meters become extremely heavy and expensive compared to other
technologies.

| Integration with Level Measurement Systems

In many industrial applications, mass flow measurement via the Coriolis principle
works in tandem with level measurement. For instance, in a chemical blending
tank, a radar level meter provides the primary volume and inventory data, while a
Coriolis meter ensures the precise mass of additives is metered into the process.

Combining these technologies allows for a comprehensive mass balance of the
plant. For engineers looking to optimize their entire measurement loop, reviewing
various instrument types is essential. You can Review product options and
application support on our Main Page to see how high-precision level sensors
complement flow measurement in automated systems.

| Frequently Asked Questions (FAQ)

Q: Does the Coriolis principle work on non-conductive liquids?

A: Yes. Unlike magnetic flow meters, Coriolis meters do not require the fluid to be
conductive. They work on almost any fluid, including hydrocarbons, deionized
water, and gases.

Q: Can a Coriolis meter measure volume flow?

A: Yes. Since the meter measures both mass ($m$) and density ($p$), the
transmitter can calculate the volume flow ($V$) using the formula $V = m / p$.
This is often more accurate than a standard volumetric meter because it is
compensated for density changes.

Q: How does viscosity affect the measurement?
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A: The Coriolis principle is largely independent of viscosity. However, very
high-viscosity fluids will result in a higher pressure drop across the meter, which
must be accounted for during the sizing process.

Q: Is periodic recalibration required?

A: Because there are no moving parts in the fluid stream (like rotors or gears),
Coriolis meters are very stable. Recalibration intervals are typically long, often
driven by regulatory requirements rather than drift in the instrument itself.

| Conclusion

The Coriolis principle provides a robust foundation for modern fluid measurement.
By leveraging the inertial forces of a vibrating system, these instruments deliver
unparalleled data regarding mass, density, and temperature. While the initial
technical requirements for installation and selection are higher than simpler
technologies, the long-term benefits in process consistency and reduced waste
make them a cornerstone of industrial automation. When integrated with reliable
level measurement solutions, Coriolis technology enables precise control over
every stage of the production cycle.

Welk Reference Guide 8



