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FOREWORD

This Standard was prepared by Subcommittee 15 of the ASME Committee on Measurement
of Fluid Flow in Closed Conduits. The Committee 1s indebted to the many engineers who
contributed to this work.

The need for a document that describes how to determine the effects of installation
conditions on the performance of a flowmeter has been recognized for some time. This
Standard was prepared in response to that need. It presents a procedure for establishing
the performance of a flowmeter under reference conditions as well as a method for determining
the changes in perfomance caused when a disturbing element is installed upstream or
downstream of the flowmeter.

This Edition of ASME MFC-10M was approved by letter ballot by both the ASME MFC
Standards Committee and Subcommittee 15 on June 28, 2000.

This Standard was approved as an American National Standard on October 23, 2000.
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CORRESPONDENCE WITH THE MFC COMMITTEE

General. ASME Standardsare developedand maintainedwith the intentto representthe
consensusof concernedinterests. As such, users of this Standardmay interactwith the
Committee by requestinginterpretationsproposing revisions, and attending committee
meetings. Correspondenceshould be addressedto:

Secretary,MFC StandardsCommittee

The American Society of Mechanical Engineers
Three Park Avenue

New York, NY 10016-5990

Proposing Revisions. Revisions are made periodically to the Standardto incorporate
changesthatappearnecessaryor desirable,as demonstratedy the experiencegainedfrom
the applicationof the Standard. Approved revisions will be publishedperiodically.

The Committeewelcomesproposalsor revisionsto this Standard. Such proposalsshould
be as specific as possible, citing the paragraphnumber(s),the proposedwording, and a
detaileddescriptionof the reasonsfor the proposal,including any pertinentdocumentation.

Interpretations. Upon request,the MFC Committeewill renderan interpretatiorof any
requiremenbf the Standard. Interpretationgan only be renderedin responseto a written
requestsent to the Secretaryof the MFC StandardsCommittee.

The requestfor interpretatioshouldbe clearandunambiguous.It is furtherrecommended
that the inquirer submithis/herrequestin the following format:

Subject: Cite the applicableparagraphnumber(s)and the topic of the inquiry.

Edition: Cite the applicableeditionof the Standardfor which the interpretation
is being requested.

Question: Phrase the questionas a requestfor an interpretationof a specific

requiremensuitablefor generalunderstandingnd use, not as a request
for an approvalof a proprietarydesign or situation. The inquirermay
alsoincludeplansordrawingswhicharenecessarjto explainthequestion;
however, they should not contain proprietarynames or information.

Requeststhat are not in this formatwill be rewrittenin this format by the Committee
prior to being answeredwhich may inadvertentlychangethe intentof the original request.

ASME procedureprovidefor reconsideratiof any interpretatiomnvhen or if additional
informationthat might affect an interpretations available. Further, personsaggrievedby
an interpretatioomay appealto the cognizantASME Committeeor Subcommittee. ASME
doesnot “approve, “certify,” “rate,or “endorsedny item,constructionproprietarydevice,
or activity.

Attending Committee Meetings. The MFC StandardsCommitteeregularly holds meetings,
which are opento the public. Personswishing to attendany meetingshould contactthe
Secretaryof the MFC StandardsCommittee.
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METHOD FOR ESTABLISHING INSTALLATION EFFECTS ON
FLOWMETERS

INTRODUCTION

Under certain circumstancesflowmeter coefficient
shiftsandcalibratiorerrorscausedby installatioreffects
(pipe flow phenomena)j.e., flow pattern,pulsations,
etc., can be significant. These changes can be most
severewhena flowmeteris movedfrom an installation
in whichtherearelonglengthsof straightpipeupstream
and downstreanof the meter,to an installationwhere
the meteris mountedclose to a disturbingpipeline
elementsuch as an elbow, valve, or pump. Because
differenttypesof flowmetersan be affecteddifferently
by thesameflow patternjt becomesmportanto know
the flow patternsensitivity of a given flowmeterin
order to properly use it. This patternsensitivity is
establishedby first determiningthe performanceof a
meterin a referenceinstallationand then determining
the variationsin the meter’ performancecaused by
other installationconditions.

When preparing programs to test for installation
effects, it should be realized that the purposeof the
testsis to uncover effects that change the metering
performanceThese effectsmay be statedas a function
of theflow profileat themeter,the pertinenparameters
such as Reynolds number,relativeroughnessgtc., and
the type of disturbing element, the flow condition
entering it, and the distance separatingit from the
meter.

When analyzing installationeffects, the changesin
the meteringperformanceof a flowmeterare obtained
by evaluatingthesignaturele.g., flow coefficientversus
Reynoldsnumber),bias, and precisionof a meterwhen
it is flow calibratedin reference and nonreference

piping.

1 SCOPE

This Standardestablishesmethodsfor determining
the influenceof installationconditionsor flow patterns
on the performanceof flowmetersin closed conduits
(i.e., pipe, ducts, etc.).

This Standardalso addresses

(a) meansand terminologyfor defininga reference

condition for flow calibrationof a particular flow-
meter; and

(b) guidelinesfor extrapolatiorand interpolatiorof
installationeffects to untestedpiping conditions.

This Standarddoesnotsupersed®r otherwiseareplace
qualificationtestsor installationteststhatare specified
by otherstandardssuch as ISO 9951.

2 REFERENCES AND RELATED DOCUMENTS

ASME B46.1-1985, Surface
Roughness,Waviness, and Lay)

Fluid Meters, Their Theory and Application. 1971.
6th ed.

ASME MFC-1M, Glossaryof TermsUsed in the Mea-
surementof Fluid Flow in Pipes

ASME MFC-2M, MeasurementUncertaintyfor Fluid
Flow in Closed Conduits

ASME PTC 11, Testing of Fans

Publisher: American Society of Mechanical Engineers
(ASME International), Three Park Avenue, New
York, NY 10016-5990; Order Department:22 Law
Drive, Box 2300, Fairfield, NJ 07007

Bendat,J. S. andPiersol,A. G. RandomData: Analysis
and MeasurementProcedures 2nd ed. New York:
JohnWiley & Sons, Inc. 1981.

Texture (Surface

Bogue, D. C. and A. B. Metzner. Velocity Profiles
in TurbulentPipe Flow. | & EC Fundamentals?
(2). 1963.

Coles, D. E., The Turbulent Boundary Layer In A
CompressibleFluid. The Rand Corporation:Report
R-403-PR. 1962.

Hinze, J. O. Turbulence.New York: McGraw Hill
Book Co. 1977. 2nd ed.

ISO 3966 Measurementof Fluid Flow in Closed Con-
duits — Velocity Area Method Using Pitot-Static
Tubes

ISO 7066-1 Assessmentof Uncertaintyin the Calibra-
tion and Use of Flow MeasurementDevices — Part
1: Linear CalibrationRelationships
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ISO 7066-2 Assessmentof Uncertaintyin the Calibra-
tion and Use of Flow MeasurementDevices — Part
2: Non-Linear Calibration Relationships

ISO 7194 Measurementof Fluid Flow in Closed Con-
duits— Velocity Area Methodsof Flow Measurement
in Swirlingor AsymmetricFlow Conditionsby Means
of Current-Metersor Pitot-StaticTubes

ISO 9951 Measurementof Gas Flow in Closed Con-
duits — Turbine Meters

PublisherinternationaDrganizatiorfor Standardization
(ISO), 1 rue de Varembe Case Postale 56, CH-
1211, Geneve, Switzerland/Suisse

Pao, R. H. F. Fluid Mechanics. Ch. 7. New York:
JohnWiley & Sons, Inc. 1961.

Schlichting,H. Boundary-LayerTheory.Ch. XX. New
York: McGraw Hill Book Co. 1968.

Taylor, B. N. and C. E. Kuyatt. NIST Technical Note
1297, Guidelinesfor Evaluating and Expressing the
Uncertainty of NIST MeasurementResults United
States Departmentof Commerce.

Tennekes,H. and J. L. Lumley. A First Course In
Turbulence.Cambridge: The MIT Press. 1972.

3 DEFINITIONS

The following definitions are given for terms used
in somespecialsenseor whose meaningseemsuseful
to emphasizeA morecomprehensivéist of définitions
and symbols applicableto the measuremenbf fluid
flow in closed conduitscan be foundin ASME MFC-
1M and ASME MFC-2M.

bias limit (B): the estimateof the upperlimit of the
true bias error, p (see ASME MFC-2M for further
detailson this subject).

fully developedaxial flow profile: an axial velocity
distributionthat does not change with axial position
along a pipe of constantcross-section.

identical: differingby lessthantheuncertaintynterval
for the measurementdt is assumedthatevery reason-
able effort is made to eliminatesignificant bias and
precisionerrors.

precision(alsoknownasrandomerror): thecloseness
of agreementbetweenthe resultsobtainedat the same
installation by applying the experimentalprocedure
severaltimes underprescribedconditions.The smaller
therandompartof theexperimentaérrorswhich affect
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theresults,the more precisethe proceduregsee ASME
MFC-2M).

precisionindex: an estimateof the standarddeviation
of repeatedneasurementsf thesamething,e.g., meter
outputat constantflowing conditions.It is given by:

N 2
precisionindex= S = _Izl{}ii —X)
\/ N —1
where
N = numberof measurementsnade
X = averageof individual measurement¥i (see

ASME MFC-2M)

single flowmeter: any meterof a specifieddesign by
a specifiedmanufacturem a specifiedline size, model
number,etc. Two flowmetersof identical mechanical
design and, where applicable, using identical signal
processingalgorithmsare a single flowmeter.

uncertaintyinterval(U): anestimateof theerrorband,
centeredaboutthe measurementwithin which the true
valuemustfall with a statedprobabilityThe uncertainty
intervalis given by:

us = determinedwith statisticalmethods

ug = determinedvith methodotherthanstatistical

uc = the combineduncertainty

k = the coveragefactor taken to be 2 for 95%
confidence

U = the expandeduncertaintyat 95% confidence
(See NIST Technical Note 1297)

In theprecedingquationy?a andu’s aretherootsum

squareof typeA andtypeB uncertaintiestespectively.

4 GENERAL GUIDELINES

The following guidelinesshould be adheredto in
establishinginstallationeffects on flowmeters.

(a) Care must be taken to achieve a proper and
repeatablalignmentetweenthemeterandtheadjacent
piping at bothinlet and outletof the meter.Alignment
of the meterper appropriatestandardsuch as ASME
MFC-12M or AGA9, etc.,oraccordingto manufacturers
recommendations recommended.

(b) The flow conditionshould be one of a conduit
running full and steady with a homogeneoussingle
phasefluid. Flow is consideredsteady if, within the
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measurementncertainty,it is constantin time aside
from variationsrelatedto turbulencegeneratedwithin
the piping.

(c) The testsoutlinedin this Standardshouldcover
the pertinentrange of fluid flow rates,Reynolds num-
bers, etc., of the meterto be evaluated.

NOTE: This requirementcan be satified by stating the range of
pertinentnondimensionalizedgparametersover which the data were
obtained(see Section 7).

(d) To avoid missingperiodicspatialflow variations,
measurementshouldbe madeat pipe lengthsthatare
not integer multiplesof each other.

(e) All calibrationshouldbe performedat the same
flow conditionsor as close as practicalto the same
conditionswhen comparingdifferent test runs. When
reducingdata,correctionscan be madevia an indepen-
dent parametesuch as Reynolds numberwhen it can
be shown that the overall effects of the differentfluid
conditions(temperaturepressure,etc.) and/orthe fluid
properties(density, viscosity, etc.) on the testedflow-
meter size and type are known and have been ac-
countedfor.

(f) All raw calibrationdatashouldbe recordedand
retained.

5 STANDARD REFERENCE CONDITIONS

5.1 Description

The processof establishinginstallationeffects in-
volves the comparisonof the performanceto thatob-
tainedin a standardeferencecondition.This document
allows for two standardreferenceconditions.One is
basedon having specfic, well-ddined flow patternsin
the test installation(Basic Reference Condition), and
the other is based on the constancy of flowmeter
performancealong the pipe (Working ReferenceCon-
dition).

5.1.1 Basic Reference Condition. The Basic Ref-
erenceConditionexists when the fluid velocity pattern
at the flowmeteris identicalto thatwhich would exist
if the meterwere installedin a conduitrunning full
and steadywith unlimitedlengthsof straightupstream
and downstreanpipe. Such a flow patternis character-
ized by zero time-averagedadial and azimuthalfluid
velocitycomponentandan axisymmetriaxial velocity
prdfile that is independentof axial position. These
componentsanbeconsideredobezeroif theiraverage
values are zero to within the measurementincertainty
or if theyare negligibleto within0.01% of theaverage
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flow velocity. The exact axial velocity prdile depends
on the inner wall roughnessof the pipe (see ASME
B46.1-1985) and the Reynolds numberof the flow.

The above flow patternwhich deines the Basic
Reference Conditionis often describedas one which
is steady,free from swirl, and havinga fully-developed
axial velocity prdile.

5.1.2 Working Reference Condition. From a
practicalstandpointtheachievementind/orerification
of Basic ReferenceConditionsmay be limited by the
test flow facility and/orinstrumentationWhen such
limitationsexist, a working referenceshould be estab-
lished. The methodfor establishingthe existence of
this referenceconditionis markedlydifferentfrom that
for the Basic Reference Condition. Here flowmeter
performanceaatherthana specfic flow patternis used
as the criterion. Specfically, the Working Reference
Conditionis achievedwhenthe flowmeterperformance
Is independenbf orientationand axial locationof the
flowmeteralong the pipe.

NOTE: Ideally, theflowmeterperformanceachievedunderthe Work-
ing Reference Condition will not differ from that which would be
observed if the flowmeter were installed in a Basic Reference
Condition. This is so even though the flow patternspresentin the
working reference condition may in some cases differ from those
in the Basic Reference Condition. The explanationfor this lies in
the fact that different flowmetershave different sensitivitiesto flow
patterns.As a consequenceof this differing sensitivity, the lengths
of straightupstreamand downstreampiping requiredto achieve the
Working Reference Conditionwill dependon the type of flowmeter
being tested, as well as the test installation.A flowmeter that is
fairly insensitive to flow patternwill require only short straight
lengths of adjacentpiping.

5.2 Experimental Methods for Establishing
Standard Reference Conditions

There are two ways to establishreferenceconditions
in this Standard.They are describedin the following
subparagraphsThe first of theseis more fundamental
while the secondis more practicaland perhapseasier
to accomplishin most circumstances.

5.2.1 Establishing a Basic Reference Condi-
tion. For a givenflow facility, minimumstraightlengths
of pipe upstreamand downstreanof the meterare to
be determinedsuch that for an installationchange
beyond those minimum lengths of pipe, the time-
averagedradialandazimuthafluid velocitycomponents
are zero and the axial velocity prdfile remains un-
changed.By comparingthis unchangingaxial, velocity
prdfile with thosein theliteraturgseeworksby Schlict-
ing, Pao, Coles, Hines, Tennekes, Bogue, and Fluid
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Meters, in Section 2), the effective inner pipe wall
roughnesscan be determined.On the other hand, if
the piperoughnesds alreadyknown,theexistenceof a
fully-developedaxial velocity prcfile can be established
directly by comparingthe measuredprdile with those
In the literature.

Measurementsof the local fluid velocity can be
carried out using standardtechniquessuch as pitot
tubes,hot wire or hot film anemometerdaser Doppler
velocimeters,etc. (See, for example, ISO 3966, ISO
7194, ASME PTC 11, and similar references.)

A Basic ReferenceConditioncan be establishedby
following the steps outlined below. If necessary, a
limited test programis permittedprovidedthatall of
the limitationsare documented.

Step 1. Using calibrationproceduresestablishthat
the velocity measuremeninstrumentation
is operatingproperlyandquantifyits uncer-
tainty.

Install the velocity measuremenprobein

the pipe with any convenientupstream
straightpipe length, but with at least four
pipediametetengthsof straightpipedown-
streamof the probe.

If instrumentatiorallows, measure at a

nominalflow ratetheradialand azimuthal
velocity componentsat ten or more loca-

tions in the cross-sectionalplane. If the
time-averagedraluesat any given location
are not equalto zero within the measure-
ment uncertainty, then Basic Reference

Conditionsdo not exist. In this case, pro-

ceed to Step 6.

If the time-averagedradial and azimuthal
velocity componentsare zero (see 5.1.1),

measurethe axial velocity at ten or more
appropriatelyspacedpositionsalong a di-

ameter.Repeatthis for several flow rates,
preferably ten or more, spaced over the
flow rate range of the meterto be tested.
Repeatthe same procedureas outlinedin

Step4 in atleastoneadditionabrientation
45 deg or more from the first. Additional
prcdfile measurementsachat new angular
orientationghatare up to 90 deg from a

previously used orientationare desirable.
Install the velocity probe with at least
five additionalpipe diametersof upstream
straightpiping and with the same down-
streampiping.

Repeat Steps 3 through5.

Repeat Steps 6 and 7 until an upstream

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.
Step 8.
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lengthcan be establishedeyondwhichthe
time-averagedadialandazimuthalelocity
measurementare zero andtheaxial veloc-
ity prdfile remainsunchangedThesecondi-
tions can be consideredsatidied if the
measuremendataobtainedagreeswith the
desiredoutcomewithin a 95% corfidence
interval as defined in NIST 1297. The
locationnearestto thedisturbanceat which
the above condition is satified can be
consideredheshortestreferencepipingfor
the Basic Reference Condition.
Comparethe form of the fully-developed
axial velocity prdile establishedn Step 8
with thatin the literatureto determinethe
effective roughnessof the pipe.

Step 9.

NOTE: If piperoughnessis alreadyknown (see ASME B46.1-1985),
an alternativeprocedurdor establishingthatthe axial velocity prdfile
is independenbf axial position,i.e., fully developed,is to compare
the measuredprdfile with that cited in the literature, rather than
with that measuredwith a different length of straightpiping.

Step 10. The shortestreferencedownstreanpiping
lengthfor a given downstreanpiping dis-
turbancecan be establishedin a similar
manner, but, in this case, the upstream
referencepipingshouldremainunchanged.

Step 11. If theshortesteferencedownstreanpiping
length establishedin Step 10 is greater
thanthe lengthusedin Step 2, then Steps
2 through 11 must be repeatedusing a
lengthequalto or greaterthanthe shortest
referencedownstreamength.

5.2.2 Establishing a Working Reference Con-
dition. A pipingcorfigurationis considerech Working
ReferenceConditionfor a given flowmeterit the flow-
meteringperformanceof the flowmeter(the outputof
the meter, its precision, and its variation with flow
rate and Reynolds number,etc.), when installed and
calibratedwith the piping, does not change (beyond
the uncertaintyof the calibrationor a specfied meter
uncertainty)when the meter orientationis alteredor
when morestraightpipe (five diametersor 20% of the
existing straight pipe, whicheveris greater)is added
upstreamand/ordownstreanof the flowmeter.

The working referenceconditioncan be established
using the stepsoutlinedbelow. If necessary,a limited
test program is permitted,provided that all of the
limitationsare documented.

Step 1. By physical inspection,establishthat the

flowmeteris of proper specfication and
condition.
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Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

Step 8.

Step 9.

Install the flowmeterin the test loop with
anyconvenientpstreanstraightpipelength,
but with at leastfour pipe diameterengths
of straightpipe downstreamof the meter.
If themanufactureof theflowmetespecties
minimumupstreamanddownstreanmengths,
then these are the minimum lengthsto be
used in this and subsequenstteps.

Make a full calibrationof the flowmeterin
this location.A full calibrationis one that
includes calibrationsat several flow rates,
preferably eight or more, spacedover the
flow rate range of the meter.

Repeat the full calibrationin at least one
additionalorientatiom5 deg or more from
the first, providedthis changeis within the
scope of the manufacturés specfications.
Note thatinsteadof rotatingthe flowmeter,
it is permissibleto rotateonly thedisturbing
elementdor thistest.Additionalcalibrations,
eachat new angularorientationghatare up
to 90 deg from previouslyusedorientations,
may be desirable.A sufficient numberof
these calibrationsshould be performedto
ensurethatthe uncertaintyof the flowmeter
can be reliably stated.

Install the flowmeterwith at leastfive addi-
tional pipe diametersof longer upstream
piping and with the samedownstreanpipe.
Repeatthefull calibrationin thesameorien-
tationsas in Step 4.

Repeat Steps 5 and 6 until an upstream
lengthcan be establishedbeyondwhich the
flowmeters signature, bias, and precision
are independendf locationand orientation.
This conditioncan be consideredsatidied
If the calibrationdata obtainedat this and
other downstreamlocationsagree within a
95% corfidenceintervalas definedin NIST
1297. The locationnearestto thedisturbance
at whichtheaboveconditionis satified can
be consideredthe shortestreferencepiping
for the flowmeter.

The shortestreference downstreampiping
for a flowmeterandfor a given downstream
piping disturbancecan be establishedin a
similarmannerut,in thiscase,theupstream
referencepiping should remain unchanged.
If the shortestreferencedownstreanpiping
length establishedn Step 8 is greaterthan
the length used in Step 2, then Steps 2
through9 must be redoneusing a length
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equalto or greaterthantheshortestreference
downstreamlength.

NOTE: When the availablespace at a test flow facility or field site
is inadequatdor the establishmenbf a standardreferencecondition,
thenthefacility or site alonecannotbe usedto determinenstallation
effects (see Section 6.3). However, a metercan be calibratedin-situ
for a given installationin that facility, but its calibrationcurve is
valid only for thatfacility or for a geometricallyscaled installation
in which pertinentfluid dynamic parametersare the same.

6 METHOD FOR ESTABLISHING
INSTALLATION EFFECTS ON FLOWMETERS

6.1 Nonreference Conditions

Nonreferenceconditionsare thosethatdo notsatisfy
the definitions for the Basic or Working Reference
Conditions given in Section 5. These nonreference
conditionsmay be generatedy upstrearmand/ordown-
stream piping geometry such as single or multiple
elbows, by upstreamequipmentsuch as a partially
openedgate valve, pumps,etc., or by the entranceor
exit of a pipe. The flow disturbancemust be defined
andrecorded.This includesthe piping upstreanof the
disturbanceany flow conditionetthatis used,upstream
fittings, and the orientationof system components.

6.2 Method of Establishing the Effects of
Nonreference Conditions for a Single
Flowmeter in a Given Facility

The effect of thesenonreferencdlow conditionson
the performancef flowmetersan be evaluatedby first
establishinghe flowmetemperformancainderreference
conditions,and then testingthe meterin nonreference
conditionsand comparingtheresults.This will identify
deviationsthat occur betweenreferenceand nonrefer-
ence conditions.The calibrationtests should be con-
ductedoverapproximatelgyhesamenondimensionalized
parameterange(suchas Reynoldsnumbermrange)using
the samefluid, instrumentatiorgnd flowmeteras used
in the reference condition calibrations.Enough data
shouldbe takento statisticallyestablishthe uncertainty
and the precision of the flowmeter. See Section 8
regardinginterpolationand extrapolatiornof resultsto
untestedfluids or conditions.

6.3 Method of Establishing the Effects of
Nonreference Conditions for a Single
Flowmeter Using Different Facilities

The effect of nonreferenceflow conditionson the
performanceof flowmetersmay be evaluatedby first
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establishinghe flowmetemperformancainderreference
conditiondn onefacility andthencomparingheresults
to the meterperformancebtainedn-situ at a different
facility with a nonreferencenstallationThe calibration
testsshouldbe conductedver approximatelythe same
nondimensionalizegarameterange(such as Reynolds
numberrange) using the same meter as used in the
referenceconditioncalibrations.

Results of installationeffects establishedusing the
methodin this sectionmay be extendedto flowmeters
of identical mechanicaldesign and, where applicable,
using identicalsignal processingalgorithms.

Calibrationf theflowmeterin twodifferentfacilities
may influencethe uncertaintyof evaluatingthe effect
of nonreferenceconditions.This uncertaintymay be
establishedthrough statistical evaluation of the test
results.

7 DOCUMENTATION OF RESULTS AND TEST
CONDITIONS

Installationeffects of a flowmetercan be obtained
by comparingthe signaturecurves, bias, and precision
errorsof a meterwhenit is flow calibratedn reference
and nonreferencepiping conditions.These should be
calculatedandreportedn accordancavithASME MFC-
2M. Thedifferencebetweerresultsobtainedn reference
and nonreferenceinstallationscan be expressed as
percentagesBeyond this, otherstatistically-basedlata
reductiormethodsanbe performedn accordancevith
methodsavailablein theliteratureWhen such methods
are used, the results and literaturesourcesshould be
reported.

METHOD FOR ESTABLISHING INSTALLATION
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NOTE: See Section2, Bendatand Piersol, for a numberof different
methodsfor datareductionand validation.

In reportingesults,itis essentiatofully documenall
relevantpiping corfigurations(i.e., type of disturbance,
geometry, pipe dimensions, inner pipe surface
roughnessgtc.). Test conditionssuch as fluid composi-
tion and propertiestogetherwith pertinentthermody-
namic variables such as temperaturepressure, etc.,
relevantto establishingboth referenceconditionsand
installationeffects must also be documented.

8 INTERPOLATION AND EXTRAPOLATION

Interpolatiorof resultscan be madein certaincases
providedthat the installationsgeometricallyscale and
the pertinentnondimensionalluid dynamicparameters
fall within the range of thosetested.Extrapolationof
resultsaboveor belowtherangeof pertinenhondimen-
sionalized parameterdor which test dataexists is not
recommended.

The notionthatdisturbancegan geometricallyscale,

Is anoptimisticone.The dynamicsof fluid flow through,
andaround,objectsmay or may notscaleto thequality
neededfor an extrapolatiorof flow meterperformance.
It may be possibleto optimizeinstallation-effectdest
programs using partial-factorial,experimentaldesign
methodsbut cautionis neededwhenextrapolatinglata
to smalleror larger flow metersof the sametype.The
interactionbetweena flow meter and a disturbance
may not scale.

NOTE: It may be feasibleto predictinstallationeffects satisfactorily
if the flow at the intendedinstallationis sufficiently understoodand
if themeterperformanceelativeto thisflow is known.This prediction
can be basedupon limited calibrationsof the meterin flows similar
to, but not identical to, that of the intendedinstallationlocation.
Interpolation— and possibly, extrapolation— techniquescan be
used for such predictions.
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