Flowmeters in critical flow

INSTRUNEXUS applications

30 common interview questions and answers

## Part 1: Critical & Safety Applications

1. What defines a "critical application" for a flow meter?

A critical applicationis one where the failure of the flow measurement could lead to
a significant safety hazard, major environmental damage, or a catastrophic
economic loss. This includes safety interlocks, custody transfer, and critical
process control loops.

2. Whatis a SIL rating, and how does it apply to flow meters?

A SIL (Safety Integrity Level) rating is a measure of the reliability of a safety
function.When a flow meteris part of a Safety Instrumented System (SIS) (e.g., a
high-flow trip to prevent a reactor runaway), it must be certified for use in the
required SIL (typically SIL 1, 2, or 3). This means the device has a proven low
probability of failure on demand (PFD).

3. What is redundancy in a critical flow application?

Redundancy is the use of multiple instruments to measure the same process
variable. For a highly critical flow, you might use two or three separate flow
transmitters. The control systemthen uses voting logic (e.g., 2-out-of-3) to ensure
a single instrument failure doesn't cause a false trip or a missed hazard.
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4. What does "diversity" mean in redundant instrumentation?

Diversity means using different types of instruments to measure the same variable.
For a critical flow measurement, you might use a Coriolis meter alongside a Vortex
meter. This protects against a common-cause failure, where a specific process
condition (like flashing) might cause multiple meters of the same technology to fail
simultaneously.

5. What s a "custody transfer" application, and why is it considered critical?

Custody transfer is a measurement that is used for a commercial transaction
(billing a customer). It's considered critical because measurement inaccuracy
leads directly to financial loss for eitherthe buyer or the seller. These applications
demand the highest accuracy and reliability.

6. What are the top two flow meter choices for custody transfer and why?

1. Coriolis Meter: Measures mass directly, is extremely accurate, and is
independent of fluid properties. It's the gold standard for liquids and high -
value gases.

2. Multi-pathULltrasonic Meter: The industry standard for large gas pipelines. It
is highly accurate, has no pressure drop, and its multi-path design provides
an excellent average of the flow profile.

## Part 2: Two-Phase Flow Measurement
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7. What is "two-phase flow"?

Two-phase flow is the simultaneous flow of two different physical states of afluid in
a pipe. The most common examples are:

e Gas bubbles in a liquid stream (e.g., entrained air in water).
e Liquid droplets in a gas stream (e.g., wet steam or wet natural gas).

8. Why is two-phase flow a major problem for most standard flow meters?

Most flow meters are designed and calibrated to measure a single-phase fluid with
predictable properties. The presence of a second phase introduces chaos:

e |tcauses large, unpredictable density fluctuations.

e Itdisrupts the flow profile and velocity.

e |tcan cause mechanical damage to some meters. The resultis almost
always a highly inaccurate and erratic reading.

9. Which flow meter is most notoriously affected by even small amounts of entrained gas?

The Coriolis meter. The gas bubbles disrupt the delicate vibration of the flow tubes,
causing the meter to become very noisy and inaccurate. The meter's density
reading will also be falsely low.

10. How does two-phase flow affect a turbine meter?

Ablastofgasinaliquidlinewillcausethe rotorto over-speed dramatically, leading
to a grossly inaccurate high reading and potentially causing catastrophic

mechanical damage to the rotor and bearings. @
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11. How does two-phase flow affect a DP meter like an orifice plate?

It causes avery noisy and erratic differential pressure signal. The density of the two-
phase mixture is lower and constantly changing, and the square rootrelationship in
the flow calculation amplifies these fluctuations, leading to large errors.

12. What is the first and best solution to a two-phase flow measurement problem?

The bestsolutionisto eliminate the second phase beforethe meter. Thisis done
by installing an upstream gas/liquid separator. By conditioning the flow back to a
single phase, you can use a standard, reliable flow meter.

13. What is a "multiphase flow meter" (MPFM)?

An MPFMis a highly specialized and complex instrument designed to measure the
individual flow rates of oil, water, and gas simultaneously in a mixed, unseparated
stream. They are used primarily in the upstream oil and gas industry and often
combine several technologies (like gamma-ray densitometers and venturis) in a
single unit.

14. What is Gas Void Fraction (GVF)?

GVF isthe percentage of the pipe's cross-sectionalareathatis occupied by gasin a
two-phase flow. This is a key parameter that multiphase flow meters are designed
to measure or calculate.
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15. Can any standard meter tolerate a small amount of a second phase?

While notideal, some meters are more robustthan others. A magnetic flow meter
can often handle a small percentage of entrained gas or solids in a liquid stream
without major errors, although the signal will become noisier.

## Part 3: Steam Flow Measurement

16. What are the three main challenges when measuring steam flow?

1. HighTemperature and Pressure: Requiresrobust instruments with suitable
materials and pressure ratings.

2. Changing Density: Steam density changes significantly with pressure and
temperature. A volumetric meter will be inaccurate unless thisis
compensated for.

3. Steam Wetness: Steam in a plantis rarely 100% dry gas; it often contains
liquid water droplets (two-phase flow).

17. What is the most common technology for measuring steam flow and why?

The Vortex flow meter is the industry standard for steam.

e Why:
o No moving parts to wear out in the harsh service.
o Robust, welded stainless steel construction can handle high
temperatures and pressures.
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o Wide turndown ratio is well-suited for steam systems with varying
loads.

18. What is the second most common technology for steam flow?

A Differential Pressure (DP) meter using an orifice plate or flow nozzle. Thisis a
traditional and well-understood method, but it has a lower turndown ratio and is
more prone to wear than a vortex meter.

19. What is "steam quality" or "dryness fraction"?

Thisisa measure of how much wateris entrained inthe steam. Adryness fraction of
0.98 means the fluid is 98% steam (vapor) and 2% water (liquid) by mass.

20. Why is density compensation so critical for accurate steam measurement?

A vortex or DP meter measures steam velocity (volumetric flow). To get an accurate
mass flow reading (which is what matters for energy calculations), you must know
the steam's density. Since steam density changes dramatically with pressure, a
multivariable transmitterthat measures pressure and/ortemperature is essential
for accurate mass flow calculation.

21. What is a "multivariable" vortex meter?

It's a vortex meter with an integrated RTD temperature sensor and/or pressure
sensor. [t measures thevelocity, temperature, and pressure at a single point. With
this data, its internal electronics can use built-in steam tables to calculate the
density and provide a compensated mass flow output.
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22. What are the critical installation requirements for a steam flow meter?

e ProperTrapping: An adequately sized steam trap must be installed upstream
of the meter to remove as much condensate (liquid water) as possible.

e Insulation: The entire setup must be well-insulated to prevent heat loss,
which would cause more steam to condense into water.

e Impulse Lines (for DP): For a DP meter, condensate pots must be used to
create a stable water leg to protect the transmitter from high temperatures.

23. Can you use a turbine meter for steam?

No. The high velocity, potential for wetness, and lack of lubricity in steam would
quickly destroy the bearings and rotor of a standard turbine meter.

## Part 4: Other Critical & Challenging Applications

<h4><strong>24.Whatis a key challenge when measuring the flow of highly viscous
fluids?</strong></h4> High viscosity creates a high pressure drop and can cause
issues for meters with moving parts.

e Good Choices: A Coriolis meter (unaffected by viscosity) or a Positive
Displacement (PD) meter (designed forviscous fluids) are excellent choices.
e Poor Choices: A turbine meter will read inaccurately due to fluid drag.
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25. How do you measure a pulsating flow, such as from a reciprocating pump?

Pulsating flow is very difficult to measure accurately.

e Best Solution: Install a pulsation dampener upstream of the flow meter to
smooth out the flow.

e Meter Choice: Afterdampening, a Coriolis or Positive Displacement meter,
which are less sensitive to the remaining pulsations, would be the best
choice.

26. What technology would you use for a critical leak detection system on a long pipeline?

A multi-path ultrasonic flow meter. By placing one meter at the inlet and another
atthe outlet of a pipeline segment, the control system can perform a line balance
calculation. If the flow going in does not match the flow coming out, itindicates a
leak. Ultrasonic meters are used because of their high accuracy and suitability for
large pipes.

27. You need to measure a fluid that can coat or build up on surfaces. What's a good choice?

A magnetic flow meter with an electrode coating detection diagnostic. The non-
obstructive design resists buildup, and the diagnostic feature can alertyou if
coating starts to affect the electrodes, allowing for preventative maintenance. A
clamp-on ultrasonic meter is also a good choice as it nevertouches the fluid.

28. What is the challenge with very low flow rate applications?

The challenge isturndown ratio. Many meters, like vortex and orifice plates, have a
"low-flow cutoff" and cannot measure below a certain velocity.
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e Good Choices: Asmall Coriolis meteror a Positive Displacement meter are
specifically designed to be accurate at very low flow rates.

29. How do you select a meter for a hygienic or sanitary application?

The meter must have a crevice-free, self-draining design and be made of polished
stainless steel to prevent bacterial growth.

e Top Choices: Astraight-tube Coriolis meter ora magnetic flow meter with
a hygienic liner are the industry standards. A clamp-on ultrasonic meter is
also inherently hygienic as it's non-invasive.

30. In your opinion, what is the most robust and reliable flow meter for a wide range of critical
and difficult applications?

The Coriolis flow meter is arguably the most robust and versatile technology. It
directly measures mass flow, is unaffected by most changes in fluid properties
(density, viscosity), has no moving parts, requires no straight pipe runs, and can
handle a wide range of fluids from clean gases to viscous slurries. Its main

limitations are its high initial cost and sensitivity to two-phase flow.
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