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Agenda

ACalibration process
ACameron calibration laboratory

AReproducibility/calibration transfer to other
fluids

AMeter design and impact on the influence of
fluid properties

ACalibration transfer to the field
ALong term stability
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4-path, 8-path and 8-path RN meters

Linearity +/- 0.15 %
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Calibration process for Caldon meters

ACharacterise over the Reynolds range of the
application, using one, two or three olls

AEnter calibration data into two tables in the
meter as a function of measured profile
flatness and/or Reynolds number

ACalibrate the linearized meter using each of
the olls; default six flowrates per oil to API
5.8 repeatability requirements
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Raw Calibration vs Flow Rate
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Reynolds Number Calibration Curve

—&— MF curve used
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Final Calibration Result
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CALDON ULTRASONICS TECHNOLOGY CENTRE
CALIBRATION LABORATORY
PITTSBURGH, USA
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Main laboratory area

A Prover

A Master meters

A Heat exchanger

A Test meter lines

A 7.5 ton bridge crane
A Main control room
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Calibration fluids

ARefined hydrocarbon oils

AOils chosen to give a good range of viscosity
for Reynolds number span
I EXXSOL D80, kerosene substitute, approx. 3 cSt
I DRAKEOL 5, approx. 15 cSt
I DRAKEOL 32, approx. 150 cSt
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NVLAP Certified Uncertainties
A 10 to 750 m3/hr N £

NL-\\.IJJ[]‘:L&%D Laboratory Accreditation Program %”F‘;

II. S m aI I VOI u m e p r Over O . O 3 % SCOPE OF ACCREDITATION TO ISO/IEC 17025:2005

Cameron Measurement Systems
Caldon Ultrasonics Technology Center
1000 McClaren Woods Drive
Coraopolis, PA 15108-7766

I Turbine master meter 0.04% .

E-mail: bobbie. griffithi@c-a-m com

3 CALIBRATION LABORATORIES NVLAP LAB CODE 2008130
to m r Scope Revised: 2011-08-19
MECHANICAL
N

.
i Ball prover 10 m3 0.04% brih et Gk
[ 10 to 750 003 Brooks Small Vohme Prover
10 to 750 0. One Master Meter
150 to 22 10 Cubic Meter Prover Volimme

04

.04

0.07 3.3 Cubic Meter Frover Volume
09

i Ball prover 3.3 m3 0.07% G 2 m
I One master meter 0.09% e e
A 600 to 3900 m3/hr | |
| Two master meters 0.08% ” "

Page | of 1 HVLAP.E18 (REV. 2004-10-31)
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Comparison of ISO17025 capabilities
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Mutual recognition arrangements

ANVLAP is a signatory

I ILAC - International Laboratory Accreditation
Cooperation

I APLAC - Asia Pacific Laboratory Accreditation
Cooperation

I IAAC - Inter American Accreditation Cooperation

o,

wing e las
o
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VSL CMC Certification

AThe National Measurement Institute of the
Netherlands, VSL, provide Cameron with
an additional Calibration Measurement
Capabilities (CMC) certification

AThis certification focuses on the Dutch
uncertainty of the calibration method rewology

AThis is a voluntary certification that adds a
further layer of quality assurance to the
Caldon laboratory operations
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Intercomparision package

A Primary comparison was carried out using
kerosene substitute (Exxsol D80) over a flow
range of 100 to 600 m3/hr in both facilities

I Caldon lab tests vs ball prover

I NEL tests versus turbine secondary standards

A A secondary comparison was also carried out
using the NEL water flow faclility gravimetric
standard

A Comparisons were made at overlapping Reynolds
numbers
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Intercomparision results on kerosene
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Intercomparision results vs water
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Intercomparision results

AThe results from both meters and both NEL
facilities (oil and water) demonstrated
metrological equivalence with the Caldon
laboratory

AThe closest and most linear agreement was
actually found in the case of the water
comparison, suggesting that the difference
In the oll calibration were In part due to the
curve fitting to the NEL secondary standard
turbines
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Influence of inputs and design on fluid
property effects
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Internal linearization

AThe more linear the meter is to start with the

less correction Is requirec

ACorrection using velocity

orofile may be

prone to installation effects, which can have

a Reynolds dependence
ACorrection using an inferr

ed Reynolds

number requires a reliable viscosity input

AGood design can minimiz
property effects
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Linearity before adjustment of two 6-inch meters

A Both 8-path meters, same electronics, same transducers

A Intentional meter body design differences
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Design variants can minimise
non-linearity and installation effects

This can involve some differences In

design/model selection and configuration
for different applications
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10-inch full-bore LNG meters for high Re
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