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In the landscape of industrial process control, the Emerson Coriolis meter,
primarily known under the Micro Motion brand, represents the gold standard for
precision mass flow measurement. Unlike volumetric flow meters that require
compensation for temperature and pressure to derive mass, a Coriolis meter
measures mass flow directly by taking advantage of the inertia of the fluid itself.
This article provides a technical overview of the measurement principles, selection
criteria, and installation requirements for these instruments, serving as a practical
reference for engineers specializing in fluid handling and process automation.

| Understanding the Coriolis Measurement Principle

The fundamental operation of an Emerson Coriolis meter is based on the principles
of motion physics, specifically the Coriolis effect. To understand how these devices
work, one must look at the internal components: usually one or two vibrating tubes
through which the process fluid flows.

| The Coriolis Effect in Practice

An internal drive coil induces a vibration in the flow tubes at their natural resonant
frequency. When there is no flow, the tubes vibrate in a uniform, symmetrical
manner. However, as fluid enters the tubes and moves through the vibration cycle,
it is forced to accelerate as it moves toward the point of peak vibration amplitude
and decelerate as it moves away.

This movement creates a Coriolis force that acts in opposition to the vibration,
causing the tubes to twist. This twisting motion results in a phase shift between the
inlet and outlet sides of the tube. High-precision sensors (pickoff coils) measure
this time delay ($At$). Because the amount of twist is directly proportional to the
mass flow rate of the fluid, the meter can calculate mass flow with extreme
accuracy, often within £0.05% of the flow rate.

Simultaneous Density and Temperature
Measurement

Beyond mass flow, the Emerson Coriolis meter is a multivariable instrument.
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1. Density: The resonant frequency at which the tubes vibrate depends on the total
mass of the tubes and the fluid inside them. Since the tube volume is constant, a
change in the vibration frequency indicates a change in fluid density. This allows
for real-time monitoring of product concentration or quality.

2. Temperature: To account for the effect of temperature on the elasticity of the
flow tubes (the Young's Modulus), an internal RTD (Resistance Temperature
Detector) measures the tube temperature. This data is used for internal
compensation and is also available as a process output.

| Key Series of the Emerson Coriolis Meter

Emerson offers several series of Coriolis meters designed for specific industrial
challenges. Choosing the right model depends on the required accuracy, fluid
properties, and environmental conditions.

| ELITE Series (CMFS, CMF, CMFA)

The ELITE series is designed for applications requiring the highest possible
precision. These meters are commonly used in custody transfer, fiscal metering,
and critical chemical blending. They offer superior sensitivity and stability, even in
low-flow conditions or when dealing with entrained gas.

| F-Series

The F-Series provides a balance between high performance and a compact
footprint. These are typically used in general process control where space is
limited but high reliability is still required. They are available in stainless steel and
nickel alloy constructions to handle corrosive fluids.
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| H-Series

Emerson Coriolis Meter

Designed for hygienic applications, the H-Series features a polished surface finish
and a self-draining design. These are essential in the food and beverage,
pharmaceutical, and life sciences industries, where Clean-in-Place (CIP) and

Sterilize-in-Place (SIP) protocols are mandatory.

| T-Series

The T-Series utilizes a straight-tube design. This is particularly useful for fluids that
are prone to clogging or for applications where the meter must be easily cleaned
mechanically. The straight-tube geometry also results in a lower pressure drop

compared to U-shaped designs.

| Technical Selection Criteria for Process Engineers

Selecting an Emerson Coriolis meter requires a detailed analysis of the process
parameters. Engineers should consult the Main Page for a broader context on how
flow measurement integrates with comprehensive level and inventory
management systems. The following table summarizes the primary selection
factors for the most common Emerson series:

Liquid Accuracy

Gas Accuracy

Density
Accuracy

Line Size Range

Max Pressure

Temperature
Range
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+0.05%

+0.25%

+0.2 kg/m®

1 mm to 300
mm

Up to 413 bar

-240°C to 350°C

+0.10%

+0.50%

+1.0 kg/m?

6 mm to 100
mm

Up to 345 bar

-100°C to 204°C

+0.10%

+0.50%

+1.0 kg/m?

15 mm to 80
mm

Up to 100 bar

-50°C to 204°C

+0.15%

+0.50%

+2.0 kg/m?

15 mm to 50
mm

Up to 100 bar

-50°C to 150°C
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| Fluid Properties and Compatibility

Before finalizing a selection, confirm the chemical compatibility of the wetted
parts. While 316L stainless steel is standard, aggressive chemicals like
hydrochloric acid or high-chloride brines may require Hastelloy or other nickel
alloys. Additionally, consider the viscosity of the fluid; while Coriolis meters are
relatively immune to viscosity changes, extremely high-viscosity fluids will result in
a significant pressure drop across the meter.

| Installation Guidelines and Best Practices

Proper installation is critical to maintaining the specified accuracy of an Emerson
Coriolis meter. While these meters are more robust than many other flow
technologies, they are sensitive to mechanical stress and specific flow regimes.

| Orientation and Mounting

Liquids: The preferred orientation is for the tubes to be pointed downward (in a "U"
shape) to prevent gas bubbles from becoming trapped in the sensor. If the fluid
contains solids, the tubes should point upward to prevent sediment buildup.

Gases: For gas applications, the tubes should be oriented upward to allow any
condensed liquids to drain out of the sensor naturally.

Vertical Flow: If the meter is installed in a vertical pipe, the flow should always be
upward. This ensures the pipe remains full of liquid and minimizes the risk of slugs
or air pockets.
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| Mechanical Stress and Vibration

The meter must be supported by the process piping, but it should not be used to
support the weight of the piping itself. Use robust pipe hangers and supports on
both sides of the meter. Because the meter operates on a vibration principle, it is
essential to minimize external vibrations from pumps or heavy machinery. While
Emerson's MVD (Multi-Variable Digital) technology filters out much of this noise,
excessive vibration can still impact the zero-stability of the instrument.

| Zeroing the Meter

After installation and once the meter is filled with the process fluid at operating
temperature and pressure, a "zero verification" or "zero calibration" must be
performed. This is done by closing valves on both sides of the meter to ensure a
state of absolute zero flow while the tubes are full. This step compensates for any
residual stresses introduced during the installation process.

| Limitations and Operational Challenges

Despite their versatility, Emerson Coriolis meters have limitations that must be
considered during the design phase.

1. Cost: Coriolis meters are generally more expensive than magnetic, vortex, or
differential pressure meters. The investment is justified by the reduction in
maintenance and the elimination of secondary compensation instruments.

2. Pressure Drop: The curved path of the flow tubes in many models creates a
higher pressure drop than straight-through meters. This must be accounted for in
pump sizing.

3. Entrained Gas: While modern transmitters can handle moderate amounts of
entrained gas (two-phase flow), high gas fractions can cause the tubes to stall or
produce erratic readings. In such cases, air eliminators should be installed
upstream.
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4. Size Constraints: For very large pipelines (above 300 mm or 12 inches), Coriolis
meters become extremely heavy and cost-prohibitive compared to other
technologies.

| Integration with Level Measurement Systems

In many industrial applications, flow measurement and level measurement are
used in tandem to provide a complete picture of mass balance. For example, in a
chemical reactor, a Coriolis meter might measure the mass of reactants added,
while a high-precision level transmitter (such as the radar or hydrostatic sensors
found at Welk) monitors the total volume in the vessel.

Integrating these data points allows for:

Leak Detection: Discrepancies between the mass flow into a tank and the change
in level/mass within the tank can signal a leak.

Inventory Reconciliation: Using density data from the Coriolis meter, volume-based
level measurements can be converted to mass-based inventory, providing more
accurate financial reporting.

Process Optimization: Combining flow rates with vessel level ensures that pumps
do not run dry and that tanks are not overfilled, enhancing both safety and
efficiency.

For more information on selecting the right combination of flow and level
instruments for your facility, visit the Main Page for technical specifications and
application guides.

|Frequent|y Asked Questions (FAQs)

Q: How often does an Emerson Coriolis meter need to be calibrated?

A: Many Emerson meters feature Smart Meter Verification (SMV), which allows the
user to check the health of the sensor and electronics without removing the meter
from the line. If the SMV passes, a full laboratory calibration may not be necessary
for several years, depending on local regulations and industry standards.
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Q: Can a Coriolis meter measure the flow of non-conductive liquids?

A: Yes. Unlike magnetic flow meters, which require the fluid to be conductive,
Coriolis meters work on any fluid with mass, including deionized water,
hydrocarbons, and liquid gases.

Q: What is the maximum temperature an Emerson Coriolis meter can handle?

A: High-temperature versions of the ELITE series can handle process temperatures
up to 350°C (662°F), making them suitable for molten sulfur or hot oil applications.

Q: Is a straight-run of pipe required before the meter?

A: One of the major advantages of the Coriolis meter is that it is largely unaffected
by flow profile distortions. Unlike ultrasonic or turbine meters, it generally does not
require long straight runs of upstream or downstream piping, provided that
cavitation and flashing are avoided.

By following these engineering guidelines and understanding the underlying
physics of the Emerson Coriolis meter, process professionals can ensure
high-accuracy measurements that improve product quality and reduce operational
waste across their facilities.
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