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International vocabulary of metrology (VIM) ﬁ‘ﬂﬁ?&‘.'ﬁ

JCGM 200:2008

2.42

metrological traceability chain h
traceability chain

sequence of measurement standards and calibra-
tions that is used to relate a measurement result
to a reference

NOTE 1 A metrological traceability chain is defined
through a calibration hierarchy.

International vocabulary of NOTE 2 A metrological traceability chain is used to es-
metrology — Basic and general tablish metrological traceability of a measurement result
concepts and associated terms .

(VIM) NOTE3 A comparisen between two measurement

Vocabulaire international de
metrologie — Concepts
fondamentaux et généraux et

standards may be viewed as a calibration if the
comparison is used to check and, if necessary, correct the
quantity value and measurement uncertainty attributed
to one of the measurement standards

termes associés (VIM)

243

metrological traceability %
to a measurement unit

metrological traceability to a unit

metrological traceability where the reference is
the definition of a measurement unit through its
practical realization

NOTE The expression “traceability to the SI" means
‘metrological traceability to a measurement unit of the

© JOGM 2008

International System of Units’.
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P-I-B Calibration & measurement capabilities of NMIs

SIMPOSIO
METROLOGIA

g

Volume flow rate [mh]

Water flow CMCs

P-I-B “General” practice to provide traceability in fluid flow
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Sl units

Other disturbing

Dynamic and plant-
effects

related impacts

An NMI's example




P-rB Expanded measurement uncertainty
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Flow units Element by element:

Mass, temperature, density, time ...

Primary Standard

Transfer Standard %///%

Calibration Facility

Flowmeter Applicat'ioh in the field

0.01 0.1 1 10
Expanded measurement uncertainty [%]
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Volumetric flow rate Measurands:

M - Volume flow

V easurement

time - Mass flow

- Total volume & mass

Demands:
- Flow velocity profile

- Quantity measurement
weighing)

- Time measurement
- Density determination

- Const. process quantities:

™ t * Flow rate
Quan Ity measuremen « Pressure

(Volume) * Temperature

The measurands of Fluid flow

. . SIMPOSIO
|5|—B Measurands in fluid flow measurement  Metrorocia

- Fluid flow standard facility (realization of the units):

- Volume flow rate: -‘.',-:‘Total volume flow: : Ty
V ................................... VM = IV (t)dt
0
- Mass flow rate: n - Total mass flow: F
m my= [m(t)dt
0
- High accuracy calibration facility:
{:.I.\./.Ieter K-factor‘:“:j: K e N puises / Teas
....................... Meter — '\ ; -
U/ Veer I Tugns

- Measurement deviation: AV V,,,r (Tyeas) — Veer
VREF VREF

Model equations of the measurement process
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Basic operation principles of flow standard facilities = METRoLOGIA

and dedicated measurands

Reference standards

gravimetric volumetric
(balance) (scaled tank)
——P static Static weighing Level gauging
Flying + diverter + diverter ""'")
""" = start and finish 11, 21,
...... » Standing Static weighing Level gauging - "')
Measurement start and finish 1.2 2.2,
process
_|) dynamic Dynamic Dynamic .......)
weighing level gauging
13. 2324
Prover 2.3.b)

I5|_B Flowmeter calibration facilities: Measurands
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- Mass flow rate:

- Volume flow rate:

m:

mREF

TM EAS

VREF

mREF

V=

TM EAS

Pwater * Tmeas

static Static weighing
Flying +diverter .
start and finish g L1
Standing Static weighing
Measurement start and finish 1.
process
dynamic Dynamic

weighing

Level gauging |
+ diverter




P_rB PTB’s “Hydrodynamic Test Field” ﬁmﬁ
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P-rB Gravimetric-reference flow facility : operation principle ﬁmﬁ

—
Constant-head
tank
Fluid diverter
Control valve
/' i
888
Vieas rIl
Calibration line @
T —— { 8- Mger
Meter under test k
@ Balance
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Storage tank
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Operation principle
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Constant-head
tank
Fluid diverter
i Control valve
888
21 }
] ® Vol
Calibration line
|| — o e == Sja]zls]
P T >
AVREF Meter under st T |_§ =—'w
Balance
]
Pump T -
e Storage tank

®

Measurement uncertainty: Factors of influence
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Traceability of a gravimetric liquid flow facility
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Basic Sl units

Dynamic effects, generally, are not
taken into account

AVyieas= Veur + 4Vip -

meer | pwater

|__  Fluid density

- Density measurement

- Temp. measurement (FUT)

Gravimetr. reference (balance)

- Mass of water
- Balance parameters/calibration

Element-by-element flow traceability

EUT's readin
- Water density

- Density of air (buoyancy)
- Density of water
- Diverter operation

Volume variation in interconnecting pipe
- Temp. change during measurement

- Compressibility of water

- Pressure change during measurement

- Time measurement of divertion

- Temp. change during a calibration run

- Compressibility of water

- Change in flow rate

- Pressure change during a calibration run

- Meter readability, velocity profile, and others

Standard flow facility #1
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Principle: Flow calibration facility
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PIB “Rough” model: inter-connecting pipework SIVIPOSIO
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|mpaCtS on measurement Uncertainty ﬂ‘l‘ltlll,ﬂljg
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Flow rate [mfh]

Impacts on measurement uncertainty
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NMiIs & Accredited calibration laboratories
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Accreditation bodies Traceability 1o
AZLA NIST

DAkkS (DKD) PTEB

NVLagp NIST
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5CS METAS
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Water flow CMCs

Conclusions

METROLOGIA

Element-by-element traceability

— is not sufficient in order to proof the reliability of uncertainty

estimations in flow applications (MU < 0.08% ... 0.1%).

Comparison measurements must be the basis of
traceability in fluid flow measurement

— applying an uncertainty model that refers to the “real” measurand

— which is the meter K-factor (not the CMC entry).

Measurement uncertainty is to be referred to defined and

stable conditions (reference conditions: 20°C)

— In practical applications, the process conditions, generally, differ

from the reference conditions (i.e. ideal conditions).
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—> « Measurement uncertainty models that refer to flow facilities
without provisions for stable reference temperature
operations

— will not deliver realistic uncertainties below 0.1 % (in liquid flow) !

—> ¢ “Real” traceability

— must comprise all measurement-related impacts which are known
as the state-of-the-art knowledge (MU < 0.05 % ... 0.08 %).

—> . “Real” traceability

— must include comparison measurements referenced to the national
flow standard, i.e. traceability via flow measurements

PTB METROLOGIA
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