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Theory of Operation

Flow

A flowmetering system is comprised
of a sensor and a signal processing
transmitter. Each sensor consists of one
or two flow tubes enclosed in a sensor
housing. Micro Motion flowmeters
operate by applying Newton's Second
Law of Motion: Force = mass X
acceleration (F=ma).

Inside the sensor housing, the flow
tube vibrates at its natural frequency
(Figure A). The flow tube is driven by an
electromagnetic drive coil located at the
center of the bend in the tube. The
vibration is similar to that of a tuning
fork, with an amplitude of less than a
tenth of an inch and a frequency of
approximately 80 cycles per second.

The fiuid flows into the sensor tube,
and is forced to take on the vertical
momentum of the vibrating tube. When
the tube is moving upward during half of
its vibration cycle (Figure B), the fluid
flowing into the sensor resists being
forced upward by pushing down on the
tube. Having the tube’s upward momen-
tum as it travels around the tube bend,

L7

Spring & mass assembly

the fluid flowing out of the sensor resists
having its vertical motion decreased by
pushing up on the tube (Figure B). This
causes the flow tube to twist (Figure C).
When the tube is moving downward
during the second half of its vibration
cycle, it twists in the opposite direction.
This twisting characteristic is called the
Coriolis effect.

Due to Newton's Second Law of
Motion, the amount of sensor tube twist
is directly proportional to the mass flow
rate of the fluid flowing through the tube.
Electromagnetic velocity detectors
located on each side of the flow tube
measure the velocity of the vibrating
tube. Mass flow is determined by
measuring the time difference exhibited
by the velocity detector signals. During
zero flow conditions, no tube twist
occurs, resulting in no time difference
between the two velocity signals. With
flow, a twist occurs with a resulting time
difference between the two velocity
signals. This time difference is directly
proportional to mass flow.

Density

A flowmeter’s tube(s) are mounted in
a fixed arrangement on one end and
are free on the other end. This design
configuration can be envisioned as a
spring and mass assembly.

Once placed in motion, a spring and
mass assembly will vibrate at its
resonant frequency. The resonant
frequency is a function of the mass of
the assembly. A Micro Motion Coriolis
sensor is vibrated at its resonant
frequency using a drive coil and
feedback circuit. This resonant fre-
quency of the tube assembly is a
function of the geometry, material of
construction, and mass of the tube
assembly. The tube assembly mass is
comprised of two parts: the mass of the
tube and the mass of the fluid in the
tube. The mass of the tube(s) is fixed
for a given sensor. Since mass (fluid in
the tubes) = density x tube volume, and
the tube volume is constant for any

A. Sensor tube vibration

B. Forces acting on sensor tube in
upward motion.

C. End view of a sensor tube indicating
force couple and tube twist.

given sensor size, frequency of
oscillation can be related to fluid
density. Therefore, for a given tube
geometry of a given material of
construction, the density of the fluid can
be determined by measuring the
resonant vibration frequency.

Using the same coil and magnet
detection system employed for mass
flow, an electrical signal is available that
represents the resonant vibration
frequency. A temperature sensor
accounts for the changes in the
modulus of elasticity of the tube due to
temperature changes.

A periodic measurement is made of
the sensor tube period and tempera-
ture. The fluid density is calculated
using a linear relationship between
density and the tube period, and
calibration constants. Using this
information, an output is then produced
representing fluid density.

[Bi=r ~ MICRO MOTION ¥7E!¥hEl FHEiEh Rk

30/44



Product Data Sheet
PS-00374

' July 2001

Now available with
MVD™ Technology!

ELITE® Mass Flow and Density Meters

Mvn!chnulogy ""“ -E'-f c€

Micro Motion
FISHER-ROSEMOUNT™
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HELIFLU™ TCK

To Optimize your Performances

Main Applications
Crude Oil Production

Refinery & Petrochemical Plants
Tank Farm Management

Pipeline Fiscal Metering

Power Industry

[~ ~ FAURE HERMAN TCX & #&iFt
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HELIFLU™ TZN

To Secure your Performances

Main Applications
Oil Production Allocation

FSO, FPSO Metering

Tanker Offloading

Storage Management

Pipeline Measurement

" ~ FAURE HERMAN TZN & #t&lFt
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FH8400

The Solution to Secure your Transactions

Main Applications
Refined Products Transfer
Pipeline Measurement

Tank Farm Management

Tanker Loading

B« ~ FAURE HERMAN FH8400 & Wi8i5t
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FH8300

A Solution Tailored to your Needs

Main Applications
Qil Production

Pipeline Leak Detection

Oil Refinenes

Chemical & Petro-chemical Plants
Energy / Power Plants

Water & Wastewater

Other Process Industries

B - FAURE HERVAN FH8300 & Wit

35/44




FH8300

One Step Ahead in Ulirasonic Flowmetering

Main Applications

Qil Production & Allocation
FSO, FPSO Metering
Tanker Off-oading

Storage Management
Pipeline Measurement

-~ ~ FAURE HERMAN FH8500 &% W8i5t
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