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popular measurement of the quality of a

flowmetering system is the ability to
repeat the same flow indication at unchang-
Ing process conditions (flowrate, fluid proper-
ties, temperature and pressure). In the world
of metrology, this attribute is termed “repeat-
ability” and a “condition of repeatability” is
fairly rigidly defined as a condition, out of
a set of conditions, that includes the same
measurement, same operator, same mea-
surement system, same operating conditions
(process and ambient), same location, and
replicate measurements on the same object
over a short timeframe.

Figures 1 and 2 graphically show, based on the probability
of the density of a measurement repeating, the difference
between a low repeatability and high repeatability metering
system; the narrower and taller the peak, the more repeat-
able the instrument.

Closely examining the product specifications of various
measurement instruments reveals that the performance
specification, often called accuracy, is achieved under spe-
cific conditions of repeatability. In real-life, however, it is ex-
tremely rare to achieve these specified conditions where an
instrument is calibrated and applied utilizing the same opera-
tor, same operating conditions, same location, and replicate
measurements over a short timeframe. In fact, typically the
only location where you can guarantee conditions of repeat-
ability is a calibration laboratory.

An exhaustive investigation into articles, white papers,
blogs, textbooks, presentations, and lectures authored by ex-
perts in metrology reveals that repeatability is one of the most
talked about statistical quality measures of an instrument.
When it comes to flowmetering technologies, one of the most
repeatable meters available today is a turbine flowmeter. If
we examine flowmeters utilized as flow references in gas flow
laboratories, the most common are flow nozzles and turbine
meters. A flow laboratory is an ideal location for measuring
repeatability; and, therefore, highly repeatable flowmeters
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Figure 1. Low Repeatability
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Figure 2. High Repeatability

find their way into a flow laboratory.

Based on the repeatability of turbine meters, it would be
reasonable to conclude that a turbine meter is the meter
of choice by most metrology experts. This isn’t actually true
though, as market studies indicate turbine meters rank ap-
proximately sixth among the most popular flowmeter tech-
nologies sold, with an optimistic growth rate that is about
four times slower than that of the flowmeter technologies that
rank No. 1 and No. 2. So, how can it be that a flow technol-
ogy that so effectively meets one of the most important at-
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tributes in metrology isn’t the most popular solution when it
comes to use in the marketplace?

Under the Influence

Repeatability performance statistics do not factor in the
influence quantities. An influence quantity is an influence
that does not affect the quantity that is being measured,
but affects the output of the system performing the mea-
surement. Common influences are a change in temperature
and pressure (process and ambient), fluid property (density,
viscosity), flowrate, or installation conditions (piping, valves,
meter orientation). A performance statistic that is an indicator
of a measurement system’s immunity to influence quantities
is known as “reproducibility.” Reproducibility is the ability of a
measurement system, over a set of changing conditions, to
replicate the same measurement. A statement of reproduc-
ibility should include the conditions changed and unchanged.

Historically, the most common conditions of change in-
cluded in a reproducibility statement were different locations,
operators, and measuring systems. Conditions of change
that were rarely included in a reproducibility statement were
change in temperature and pressure, fluid property, flow-
rate, or installation conditions. The reason these conditions
of change were rarely included is that traditional flow mea-
surement technologies, typically, do not fare well when these
changes are induced. As a result, the calibration of a tra-
ditional metering system often involved the development of
multiple meter factors to compensate for the metering sys-
tem’s performance across the range of possible change in
conditions.

An illustration of a highly repeatable, traditional flow me-
tering system, and what can happen to its measurement out-
put or meter factor when tested at a higher and lower flowrate
than average, is shown in Figure 3.
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Figure 3. Highly Repeatable Metering System

If the probability density of the metering system’s meter
factor is plotted over the range of flowrates shown, the meter
factor distribution curve would look similar to Figure 4.

The illustration in Figure 4 shows that, although the me-
tering system is highly repeatable at a single flowrate, when
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Figure 4. Probability Density of Metering System

its performance is evaluated over a range of flowrates, its
performance is similar to—or worse than—an instrument with
low repeatability.

Evolution of Flow Measurement Technology
Measurement systems, and the measurement technologies
utilized, have evolved dramatically over the last three decades.
Pressure and temperature transmitters historically were very
sensitive to ambient temperature changes. Modern versions
of these technologies, however, now compensate for ambient
temperature changes and in some cases are so accurate that
portable field references do not have a low enough uncertainty
to properly calibrate these transmitters in the field.

Similarly, the application of traditional flow technologies
has evolved. Flow technologies sensitive to viscosity and
density changes now have methods to actively correct their
performance for these changes. Flow conditioner designs
have advanced from a simple tube bundle and upstream pipe
lengths to produce more dependable flow profile conditioning
for technologies sensitive to this effect.

Some of the most notable advancements in flowmetering
technology are attributable to Coriolis and ultrasonic flowme-
tering technologies. The performance advantages these two
technologies have over traditional flowmetering technolo-
gies are numerous, but in general, their repeatability is not
as good as a turbine or a positive-displacement flowmeter.
Although this is true, performance attributes of these newer
technologies make their reproducibility under conditions of
change far better than their traditional counterparts. An excel-
lent example of this is the Coriolis flowmeter. Its list of benefi-
cial attributes is considerable and includes no wearing parts
and high insensitivity to flow profile, density, viscosity, velocity,
temperature, and pressure change. In fact, if an evaluation of
the technology’s reproducibility based on broad changes in
process and fluid property conditions is performed, the tech-
nology’s performance far exceeds that of any traditional tech-
nology. Similarly, some multipath ultrasonic meters have the
ability to actively measure flow velocity profiles (swirl, asym-
metries, high and low Reynolds number), and compensate for
change in these affects.

August 2014




TECHNOLOGY SPECIFICATION | Flowmetering Solutions

Repeatability & Reproducibility Defined

Repeatability
The closeness of agreement between indications or mea-
sured values obtained by replicate measurements on the
same or similar objects under conditions of measurement
that includes the following:

© Short period of time

© Same measurement system

© Same procedure

© Same set of conditions (temperature, pressure, den-

sity, viscosity, flowrate, ambient)

© Same operator

© Same location
Note: A statement of repeatability shall include the value
of the conditions held constant.

Reproducibility
The closeness of agreement between indications or measured
values obtained by replicate measurements on the same or
similar objects over a period of time under different conditions
of measurement that may include the following

© Different time

© Different measurement systems

Final Analysis
In the analysis and estimation of a measurement system'’s
repeatability and uncertainty, it can be appropriate and
unavoidable to separate the error based on one, or several,
of the following factors being held constant:

© Equipment

© Operator/Laboratory

© Environment

© Methods

© Time

© Fluid Properties

© Process Conditions

Although this is the case, when possible, it is imperative
that the evaluation and selection of a flowmetering technol-
ogy for a particular application include the influences of real-
life conditions. A good example is the influence of viscosity
on a flowmeter. A fluid’s viscosity can change with change
in temperature; the viscosity of fuel oil in a terminal’s stor-
age compared to that in above-ground piping heated by so-
lar radiation/ambient temperatures can vary significantly. If a
metering technology that is susceptible to viscosity change is
utilized in an application where these thermal influences ex-
ist, a much higher measurement uncertainty can be expected
than what the repeatability of the meter under stable ther-
mal conditions would indicate. The selection of a metering
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© Different procedures
© Different conditions (temperature, pressure, density,
viscosity, flowrate, ambient)
© Different operator
© Different location
Note: A statement of reproducibility shall include the extent
of conditions changed and unchanged.
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Figure 5. High vs. Low Reproducibility

technology based on its repeatability alone is the equivalent
of buying a car based on its ability to drive in a straight path
down a paved road. The users of metering technologies can
acquire a great deal of insight into the cause of unaccept-
able variations in their measurement systems and methods
to improve their processes by evaluating the reproducibility of
the measurement systems. In most instances, users will be
better served asking the question, “How reproducible is my
measurement system?” than utilizing repeatability alone as
the gatekeeper of low uncertainty measurement. 4
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