WO 02/ 097379 PCT/1B02/01788 1 FLOWETER PROVI NG DEVI CE AND METHOD The
invention relates to a fl owreter proving device and nethod for proving a

f1 ownet erywd pyedbdy under actual operating conditions. The I‘iﬁ‘/fBﬁ9017§s
intended primarily for use in proving nmass flowneters, particularly
Coriolis based nass flowneters, but may be used for checking the accuracy
of any flowneter having the ability tlo neasure intrinsic or extrinsic
fluid properties when placed in a service |location where the fluid is
normal Iy flow ng. Such neters include densitoneters, viscosineters and

vol umetric flowret Uk WAMEMER PROVEGG BEVIOEYEWD MEFHOD s based nass

fl owreters are wel nown an ave been described in nunmerous patents,
such as US patents nos. 4444059, 4491025 and 4422338, which all describe
mass flow rate nmeters that use vibrating tubes to inpart jreasyrable

Cor i ol iheanvention ighatentos Howmeterreaving dexics apdang a@g&@s"ﬁ& PWHIter
4491009 describes a vibrating tube densitoneter based on the structure of

a Cori Qfissiy ey AdtaNI & @htind Bondillbhd.ty of Coriolis effect mass flowneters
to measure density permts the determnation of a volunetric flowrate by a

sinmple division of the density value into the nass flowrate value. It is
al so well known that Coriolis effect flowreters can be operated as
vi scosi meters. Coriolis mass flowreters are now often used for custody

transf idd 18 $Rbn &t Srimbly By useh r@wngamgs diovraeter, paryieekirlgfCdrialisd,
parti cmr ylLPlG (li queI?{iied get r ol eurg gas) and P
based mass flowmeters, but may be used for checking the accuracy of any flowmeter
having the ability to measure intrinsic or extrinsic fluid properties when placed in a

service location where the fluid is normally flowing. Such meters include densitometers,

viscosimeters and volumetric flowmeters, as well as mass flowmeters.

Coriolis based mass flowmeters are well known and have been described in numerous
patents, such as US patents nos. 4444059, 4491025 and 4422338, which all describe mass
flow rate meters that use vibrating tubes to impart measurable Coriolis effects which are
related to mass flow rate. US patent no. 4491009 describes a vibrating tube densitometer
based on the structure of a Coriolis mass flowmeter. The ability of Coriolis effect mass
flowmeters to measure density permits the determination of a volumetric flow rate by a
simple division of the density value into the mass flow rate value. It is also well known

that Coriolis effect flowmeters can be operated as viscosimeters.

Coriolis mass flowmeters are now often used for custody transfer and fiscal metering

duties for many different types of fluid, particularly LPG (liquefied petroleum gas) and



WO 02/ 097379 PCT/1B02/ 01788 2 other hydrocarbons. For these applications
nmeter accuracies (uncertainties) of 0.5%or even 0.1 %are generally

speci fi edyw@APdohdgi S required to carry out periodic provi jgGigelHess
floweter in order to verify that the nmeter is providing flow neasurenent

data within the accuracy specification of the nmeter and, if not, to reset
the calibration factor of the neter. 2ZThe calibration factor is the factor
that the nmeter uses to convert electronic signals generated by the neter
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Coriolis based flowmeters are Tinear neters in that the flow calibration

factor is constant with respect to flowrate. The provi r 0Gess
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test facility where the neter is cleaned, repaired as needed, and subjected
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diverter systemto cause a standard fluid having precisely known intrinsic
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test perforns flow neasurenments on the fluid, and these neasurenents are
cross cleskslibragen niattor He thaduetof thatathprmpter tuses to ldonwert reledttomic signals
gravinetric diverter systens to test flowreters is relatively tine

consum ng and,expensive, and &h S i y
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calibrating very precise : L

parameter. Coriolis based flowmeters are linear meters in that the flow calibration factor

is constant with respect to flow rate.

The proving process typically entails removing the flowmeter from service for shipment
to a test facility where the meter is cleaned, repaired as needed, and subjected to test
measurements. Usually these involve the use of a gravimetric diverter system to cause
a standard fluid having precisely known intrinsic or extrinsic fluid properties (e.g.
temperature, density, velocity and volume) to flow through the meter which is to be
tested. The meter under test performs flow measurements on the fluid, and these

measurements are cross checked against the known fluid properties.

However, the use of gravimetric diverter systems to test flowmeters is relatively time
consuming and expensive, and the systems themselves occupy a relatively large amount
of space. The loss of time, space and money can be reduced by calibrating very precise

meters, i.e. standard meters, against gravimetric standards for subsequent use in



nmeters, i.e. standard neters, against gravinetric standards for subsequent
use in WO 02/097379 PCT/1B02/01788 3 calibrating other neters under test.
For the te@sioddoes7et andard neter is connected in series WHAT/BIgITRS €r
under test to perform simultaneous flow neasurenents. The neasurenent data
fromthe nmeter under test is used in calculations with neasurenent
information from the standard neter oh the sane fluid volune to provide or
confirma flow calibration factor for the neter under test. The netering

I ndust raaligRRRIgAbiher htders uedet fRet. Wurehé fisnihe standafdiingter i§ caMeatedtinrdded

nmeter to be at least three tines |ess than the manufacturer's accuracy
specificati.on of the nmeter under test. Thu a test nmeterthat is specified
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is accurate to at least 0.033%for proving and calibration purposes. As
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renmoving the floweter to be tested fromthe flowline in which it
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condi tions which may affect the accuracy and performance repeatability of
t he fl ofaori efor tisammbteasimdectestni Tal msteriagsndustiyrgensellyrequirgs thg uncertainty
configurations, flow variations, fluid pressure and anbi ent tenperature

changes., and fluid %] | NS ' j | ves
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and requires an additional device for ) )

accuracy specification of the meter under test. Thus, a test meter that is specified as

being accurate to 0.1% of a flow rate requires a standard meter that is accurate to at least

0.033% for proving and calibration purposes.

As mentioned above, most of the currently employed proving methods involve removing
the flowmeter to be tested from the flow line in which it operates. However, there are
distinct advantages to be able to prove a flowmeter in situ, since this automatically
compensates for operating conditions which may affect the accuracy and performance
repeatability of the flowmeter, such as mechanical stress on the meter, piping
configurations, flow variations, fluid pressure and ambient temperature changes, and fluid
composition. One known in situ proving method involves using a device known as a
“compact prover” but this is a volumetric device and requires an additional device for
measuring the density of the fluid in order to verify mass flow measurements. The device

is also relatively large and expensive.



measuring the density of the fluid in order to verify mass fl ow
nmeasurenents. The device 1is also relatively |arge and expensive. WO

02/ 097379 hihBB¢/ 01788 4 One of the objects of the inventi@eoikerefore,
is to provide a flowreter proving device for use in proving a floweter in
situ under operating conditions which is sinple to operate and is

rel atively conpact and i nexpensive. Tg this end, the invention provides a
fl owmmet er proving device conprising first and second standard Coriolis

based j . i
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flowreter to the fluid inlet of the second flowreter to connect said

f I owreter 8s¢ in peoving 2 flowmmstor Ehsity andemopALE condibiops yhiok 1y SHBPISESt ed t o
the fluid inlet of the first flowreter and to the fluid outlet of the

second o})Ega‘ﬁgE#lﬁﬁs ge@atgr@ghggﬁggt ARVingQpdiRiRe connected to a fluid flowline

containin ownet er i is to be proved such that fluid flowing in the
flowline will flowin series through said flowreter to be proved and said
first and second flowreters of the proving device, and control neans for

connection to said first and second flowreters and to said flowreter to be

pr oved 1t PHie eallY el In9BhiTBRSHRIRRLA fiShamabspidvaieliedat coaiptisagntital andeans
bei ng operative to use one of said first and second flowreters as a naster
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predetermined accuracy specification, means connecting the fluid outlet of the first
flowmeter to the fluid inlet of the second flowmeter to connect said flowmeters in series,
supply and return conduits respectively connected to the fluid inlet of the first flowmeter
and to the fluid outlet of the second flowmeter to enable the device to be connected to a
fluid flow line containing a flowmeter which is to be proved such that fluid flowing in the
flow line will flow in series through said flowmeter to be proved and said first and second
flowmeters of the proving device, and control means for connection to said first and
second flowmeters and to said flowmeter to be proved to receive flow measurement
signals therefrom, said control means being operative to use one of said first and second
flowmeters as a master meter to check the accuracy of the flowmeter to be proved and the

other of said first and second flowmeters as a check meter for said master meter.

Preferably the first and second flowmeters are substantially identical to each other, and
the device will be used for proving flowmeters which are of much the same size in the

sense that their nominal flow range corresponds to the flow range over which the first and



Preferably the first and second flowreters are substantially identical to
each other, and the device will be used for proving flowreters which are
of much t{ig) ®AR®;78i ze in the sense that their nom nal fl Qe RId617s8
corresponds to the flow range over which the first and WO 02/097379
PCT/ 1 B02/ 01788 5 second standard fl owreters of the proving device have
been calibrated to a predeterm ned acturacy. For exanple, a flowreter in
service having an optimum flow range of, say, 10 to 40 kg per m nute and

an accuweaeyd safddrdc ddvanerts bl thavoploding eftvidee havpr byém galibyiteé ton avhi ch
the first and second flowreters al so have an optimum flow range of 10 to
40 kg per .m nute ,but have _been calibrated to.an uncertaint i
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tested. Cenerally, it will be acceptable for the standard fl owneters of
the pr OMhE@ ofeviyc e Ot o H@ kecpdri mimines] and anrconey tspiaification afdut %0woatd or
less if the device is to be used to prove a flowreter having an accuracy
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and return conduits of the proving device in accordance wth the invention
wi Il sifipwyraiee cdl(ptoedD kg pehmiprte bet haverbeen tcahistathioneenceataprip wiingh is un i s
to be carried out on the flow neter in the flowline. A shut off valve in

the flow_|ine bet n t Vet ¢ | LSt c sq .t t he
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flowng in series through the first and ) )

Generally, it will be acceptable for the standard flowmeters of the proving device to be

calibrated to an uncertainty of about 0.03% or less if the device is to be used to prove a

flowmeter having an accuracy specification of 0.1%.

In use, if the flow line containing the flowmeter to be proved is already fitted with valved
prover connections, the supply and return conduits of the proving device in accordance
with the invention will simply be coupled to the prover connections whenever a proving
run is to be carried out on the flow meter in the flow line. A shut off valve in the flow
line between the prover connections is then closed so that the fluid flowing in the flow
line is caused to bypass the shut off valve by flowing in series through the first and

second flowmeters of the proving device.

The control means, which preferably includes a central processing unit, then operates to
take a sequence of flow measurement signals from the flowmeter under test and from the

first and second flowmeters of the proving device, and from these signals the processing



second flowreters of the proving device. The control mneans, which
preferably includes a central processing unit, then operates to take a
sequence @i dlooyg7oeasur enment signals fromthe floweter unganshesirsgnd from
the first and second flowneters of the proving device, and fromthese
signals the processing WO 02/ 097379 PCT/1B02/01788 6 unit calculates flow
measur ement val ues for each of the thréee fl owreters. Preferably the
processing unit is operative to receive and process flow nmeasurenent

si gnal univ @Ndulads fleivnmeaanemnest walipgs foheadh afithe tlees flofvrdtersp Pesfierablyéwi ce
and the floweter to be tested during the same tine interval so that the

measurenents. are aken i Thi s .avoi ds the
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give rise to unequal measurenents. The control means then conpares the flow
meas ur simoitanesshoby dhe 8dwimeterst dfehe praming deviceantllibe flosvmétento bé tdstadhe

fl ow neasurenents obtained fromthe master neter of the proving device,
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| evel cate € accuracy o owreter in

line has been verified. If the nmeasurenment val ues are outside the

pr edet exomiditéxhsacElhiptaabids theqiassibiltly thatevaréations, suahi sapressurtourgesaiptle on a
print out or display screen, that the calibration factor of the flowneter

in the SS’E‘.%WI Ebﬂﬁ@@%ﬂggt@ﬁné fincaSurdhehipdi cated value determnined by the

control “neans er at or en resets the calibration factor in the

The control means then compares the flow measurement data obtained from the
flowmeter in the flow line with the flow measurements obtained from the master meter
of the proving device, and if the values are the same within a predetermined acceptable
tolerance level the device indicates that the accuracy of the flowmeter in the flow line has
been verified. If the measurement values are outside the predetermined acceptable
tolerance the device indicates, for example on a print out or display screen, that the
calibration factor of the flowmeter in the flow line should be reset to an indicated value
determined by the control means. The operator then resets the calibration factor in the

transmitter of the flowmeter as required.

The control means also compares the flow measurement values obtained from the master
meter with those obtained from the check meter and will indicate a fault if they do not

correspond to within a predetermined tolerance.



transmtter of the floweter as required. The control neans al so conpares
the fl ow neasurenent val ues obtained fromthe master neter wth those

obt ai ned g;(pmoglpﬁs,check meter and will indicate a fault ifpdfi@y,f@sHot
correspond to wthin a predeterm ned tol erance. WO 02/ 097379 PCT/1B02/ 01788
7 Preferably the proving device in accordance with the invention wll

i nclude tenperature and pressure sensprs for providing the control neans
with tenperature and pressure neasurenents of fluid flow ng through the
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t he mas nts obtained fromthe floweters, and to calcul ate
a volunetric flow neasurenent jf the flo ter in_the flow Iing is a
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nmeter. Preferably the fluid outlet of the first flowreter is connected to

the f1 uhdadupbBEnt9bf HbEd f6RErblSHRE devichy These Wilbsnubil the @devieads Herivaand
the tenperature and pressure sensors are nounted on this internediate

conduit, Preferably the first and ﬂsecond flo ters. ofdrtgle lEerﬁvi ng .devi ce
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each be provided with its own shut off valve. This will enable fluid
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in the device when it is disconnected fromthe flow line, and m nin ses any
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Preferably the fluid outlet of the first flowmeter is connected to the fluid inlet of the
second flowmeter by an intermediate conduit, and the temperature and pressure sensors

are mounted on this intermediate conduit.

Preferably the first and second flowmeters of the proving device will be mounted on a
common base, and the supply and return conduits may each be provided with its own shut
off valve. This will enable fluid remaining in the device after completion of a proving run
to be retained in the device when it is disconnected from the flow line, and minimises any
spillage or wastage of the fluid. The shut off valves will usually be manually operated

but, if preferred, may be electrically operable under the control of the control means.

One embodiment of a flowmeter proving device in accordance with the invention will
now be described, by way of example only, with reference to the accompanying drawings

in which:



but, if preferred, may be electrically operable under the control of the
control neans. One enbodi nent of a flowreter proving device in accordance

with the {yoy@nbha§ W Il now be described, by way of examye @0b¥rsgv th
reference to the acconpanying drawings in which: WO 02/097379

PCT/1B02/ 01788 8 Figure 1 shows a perspective view of the device; and,
Figure 2 shows a schematic representatsi on of the device connected in a flow
line for the purpose of proving a flowreter which is in service in the
flow line. The enbodi nent of the flowneter proving device shown in Figure 1
conprises a support base 1 on which two identical standard Coriolis based

i de by %ia‘ge. The size (nom nal flow

mass flowneters 2, 3 are nounted % _
range) Fagutenkshavsnaperspsciiseweyy of thsdeyicseddEnt on the size of the service

flowmmeters which are required to be proved by the device. In the

enbodi TBpkre SV LRStheaticheplebemambe o 5the, de¥idesconnssted i beftbvbina forthie TE
(TM sensor 21, 31 manufactured by Mcro Mdtion Inc. (for exanple nodel

no. CMF200 having a nam nal flow range of Q_ t 25 per mnute), and a
transmnuxf@@sefﬁprgw%ﬁom%ﬁf Wﬁmhflﬁ PEVISe lpégf)ﬁﬁg‘f @ge't o output signals
fromthe sensor to provide an accurate neasurenent of the mass flow rate

t hrough the sensor. The transmtter, which may be an ELITE nodel RFT9739
al so manufactured by Mcro Motion Inc., nmay be nounted directly on the

sensor %Sérh]goﬁ{neg?gf Blee f%vgr\rllie e?grosv?ll?ga ag‘}igel Bilc}cv% il FiERre1 g&lﬁﬂﬁgéﬁ% ﬁﬂ)%ort
base 1 on which two identical standard Coriolis based mass flowmeters 2, 3 are mounted
side by side. The size (nominal flow range) of the flowmeters used will be dependent on
the size of the service flowmeters which are required to be proved by the device. In the
embodiment shown each of the flowmeters 2, 3 is constituted by an ELITE (TM) sensor
21, 31 manufactured by Micro Motion Inc. (for example model no. CMF200 having a
nominal flow range of 0 to 725 kg per minute), and a transmitter 26, 36 (not shown in
figure 1) responsive to output signals from the sensor to provide an accurate
measurement of the mass flow rate through the sensor. The transmitter, which may be
an ELITE model RFT9739 also manufactured by Micro Motion Inc., may be mounted
directly on the sensor casing or may be provided separately for remote mounting and

connection to the sensor by suitable wiring cables.

Each of the flowmeter sensors 21, 31 comprises a fluid inlet 22, 32 and a fluid outlet 23,
33 at opposite ends of a mounting bar 24, 34, and a pair of parallel U-shaped flow tubes
(not shown) which are housed within a protective U-shaped casing 25, 35 and through

which fluid entering the inlet 22, 32 flows to the outlet 23, 33. Also housed within the



connection to the sensor by suitable wiring cables. Each of the flowreter
sensors 21, 31 conprises a fluid inlet 22, 32 and a fluid outlet 23, 33 at

opposi t e @p®/@f37a nounting bar 24, 34, and a pair of paradm@Botbsbaped
fl ow tubes (not shown) which are housed within a protective U shaped

casing 25, 35 and through which fluid entering the inlet 22, 32 flows to
the outlet 23, 33. Al so housed within%he WO 02/097379 PCT/1B02/ 01788 9
casing 25, 35 of each flowreter sensor are a driver (not shown) for
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received fromthe transmtter, and pick-offs (not shown) responsive to

vi bration of the fl t ubes to provide t.he .out put ignals to t.he
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fl owreter sensor 21 is connected by bolted flanges to a fluid supply
condui tpidkjofsvinde showh ) responsivaltb wilatoakifehs flow tibes toaprovide theduput
coupling flange 6 at its inlet end. The fluid outlet 23 of the first
flowmeter .sensor._21 i.s connected by bolted flanges to one end of an

S shapébgr}ar]ﬁ g’r%ﬁ&f%@@?fndui t 7 which is connected at its other end to the
fluid inlet 32 of the second fl owreter sensor 31, also by bolted flanges.
The fluid outlet 33 of the second fl owneter sensor 31 is connected by
bolted flanges to a return conduit 8 which is fitted with a manually

0Pen 2018y 303ho LS SRR TR AR B OIS,
>HPPer tbybl;ioi‘;dlﬂanges to a fluid supply conduit 4 provided with a manually operable shut-off
valve 5 and a coupling flange 6 at its inlet end. The fluid outlet 23 of the first flowmeter
sensor 21 is connected by bolted flanges to one end of an S-shaped intermediate conduit
7 which is connected at its other end to the fluid inlet 32 of the second flowmeter sensor
31, also by bolted flanges. The fluid outlet 33 of the second flowmeter sensor 31 is
connected by bolted flanges to a return conduit 8 which is fitted with a manually operable

shut-off valve 9 and a flanged coupling 10 at its outlet end situated level with the inlet end

of the supply conduit 4 just above the support base 1.

The two flowmeters 2, 3 are mounted on the support base 1 by means of mounting
brackets 11, 12 which are bolted or otherwise fixed to the base 1, the bracket 11 being
secured to the supply conduit 4 and the bracket 12 being secured to both the intermediate

conduit 7 and the return conduit 9.

The device also includes conventional pressure and temperature sensors 13, 14 mounted



The two flowreters 2, 3 are nounted on the support base 1 by neans of
mounting brackets 11, 12 which are bolted or otherwise fixed to the base
1, the braglkgbordm being secured to the supply conduit 4 pogmi@iisacket 12
bei ng secured to both the internediate conduit 7 and the return conduit 9.
The device al so includes conventional pressure and tenperature sensors 13,
14 nounted WO 02/ 097379 PCT/1B02/ 01788 10 on the internediate conduit 7
for transmitting to the transmtters 26, 36 of the two flowreters 2, 3

i nfor mahi@e ihedratddide tdndag Presauhenaifg tterthe tadnshftels 16,1361 of lthithe
t hrough the device. Alternatively, the pressure and tenperature sensors 13,

14 may be nounted on the.retyrn condquit 8. The proving devjce . of this
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fl ow range which is substantially the same as (or within) that of each of

the fl gwoRphithe devideOfAltdiaatieoly e (Pressufeand egmiratuds serdot13,261 Ky fher
mnute). Since ELITE CFM 200 flowreters in service may have an accuracy of

plus or minus 0.1 % the | ters 2 and 3 of the proving device wll

need t @%’élt‘%‘f%g%ﬁ ’E?Qt'fqno‘?/ﬁ%{uétr@ preferably having an accuracy (uncertainty)

of 0.03% as determned in accordance with |1 SO 5168 standard. The standard

flowreters nay be calibrated against a gravinetric diverter system and an

uncertainty level of 0.03%w |l mean that the standard flowreter wll

agree Vi‘hteq)rtoglengcgé\'/igé I RIAL, egn \Qd%r%e;\{‘f ctarﬁ l)9e5%s)e f(‘)lcr 'p?(%‘l%%'ﬂowmeters in service
having a nominal flow range which is substantially the same as (or within) that of each
of the flowmeters 2, 3 of the device (in the present case 0 to 725 kg per minute). Since
ELITE CFM 200 flowmeters in service may have an accuracy of plus or minus 0.1%, the
flowmeters 2 and 3 of the proving device will need to be standard flowmeters preferably
having an accuracy (uncertainty) of 0.03% as determined in accordance with ISO 5168
standard. The standard flowmeters may be calibrated against a gravimetric diverter

system, and an uncertainty level of 0.03% will mean that the standard flowmeter will

agree with the calibrating device with 95% confidence.
The proving device also comprises separate control means in the form of a CPU or
computer (not shown in Figure 1) for connection to the transmitters of the two flowmeters

of the device and to the transmitter of the service flowmeter which is to be proved.

Figure 2 is a schematic diagram showing how the proving device will be used in the



The proving device al so conprises separate control nmeans in the formof a
CPU or conputer (not shown in Figure 1) for connection to the transmtters
of the twwddaorebers of the device and to the transm ttaicmofgot/hesser vi ce
flowreter which is to be proved. Figure 2 is a schematic di agram show ng
how t he proving device will be used in the WO 02/097379 PCT/1B02/01788 11
field to prove a flownreter 40 while iffirenains in service in a fluid flow
line 41. As shown, the inlet and outlet ends 6, 10 of the proving device

are corpggt g t@«eba ARGhestef 20 wHike frehiatnd irloé’&r{fice%‘hlﬂgi‘a"ﬂ&tvrlﬁfém pf Aghe
service flomneter 40 and on opposite sides of a block and bl eed valve 44

| ocated.in t f t he devi ce coul d be nne
upst rea?#pwﬁwel at}tl eﬁ?t ti}& Of grﬁfrttm‘élhgéi&mﬁ?ée Wlawctqdﬁe%r %62,f itted
with pressure and tenperature sensors 45, 46 adjacent the service neter 40

for prom ifthe ffoveiifle 41 IRaistiemcofahe sevesSHb®meié0f0id oM oppodifessides of
transm tter 47 of the service fl owret er 40 and a flow control val ve 48

for cont |ng Wof fI gh the flow|ine.
control? ‘fengir; ?41&1&&, 8%’ 12e gin%&“&ﬁ‘%‘t%écet?%éﬁqetter
47 of the serV| ce flowrreter 40 and also to the transmtters 26 and 36 of

t he tweoshedte@ugstrdanpvfbiesesict fldwafetdrlifprefawdd dleldw dine ivalesifiited ovitht he
control conputer 49 |s connected to the block and bl eed val ve 44 the
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vatve é‘tesmlp:rature and pressure information to the transmitter 47 of the service flowmeter 40,
antl a flow control valve 48 for controlling the rate of flow of fluid through the flow line.
The control computer 49 of the proving device is connected to the transmitter 47 of the
service flowmeter 40 and also to the transmitters 26 and 36 of the two standard
flowmeters 2, 3 of the proving device. In addition the control computer 49 is connected

to the block and bleed valve 44, the fluid control valve 48, and to a printer or other output

device 50.

In order to carry out a proving run on the service meter 40 the flow control valve 48 is
adjusted by the control computer 49 to bring the fluid flow rate through the service meter
40 to within the optimum accuracy range of the standard flowmeters 2 and 3 of the
proving device, and the block and bleed valve 44 is closed. At the same time the prover
connection shut off valves 5 and 6 are opened so that the fluid flowing through the flow
line 41 is caused to flow in series through the flowmeters 2 and 3 of the proving device

after flowing through the service meter 40. The control computer 49 controls the



adj usted by the control conputer 49 to bring the fluid flow rate through
the service neter 40 to within the optimum accuracy range of the standard
f I owet erew2apth7e of the proving device, and the bl ock ardnsheedsyal ve 44
is closed. At the sane tine the prover connection shut off valves 5 and 6
are opened so that the fluid flowing through the flow line 41 is caused to
flowin series through the flowretersl2 and 3 of the proving device after
fl owi ng through the service neter 40. The control conputer 49 controls the

VO 02/ GPahdhStt8s D6, B@M@H&&: bRirtd @nded flownsetds 2, 3Gnd4lie sérvideelpwaeiterg
devi ce flowrret ers 2, 3 and the service flowrret er 40 so t hat each rreasures
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i nvol ves application of nmaster netering with reproducr b|||ty verification

sof t warig suppliedytot e chbhweimedbspuberod9 tioe procassing. détiis eprosessmedimoleesTast er
neter to prove t he servr ce flowrreter 40, and the flowreter 2 of the
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out put device 50 whet her the accuracy of the service floweter is verified
or need3ownretecBi efhthey perljing tdeeive i3fusedeascal mbstet ingaterf tepooveethesewiden its
transmitter 47. If the service nmeter 40 under test is configured for nass

Lo TR eVEIEIAy, IR oV 6r U SOV acHE B3R APh RhelPGide: (7 the

servic

confirm that the master meter is reading accurately. The control computer 49 then
indicates via the output device 50 whether the accuracy of the service flowmeter is
verified or needs correction by adjustment of the calibration factor entered in its

transmitter 47.

If the service meter 40 under test is configured for mass flow measurement, master
metering determines the mass meter factor for the service flowmeter 40 using the
equation:
MF,, = MF ager Minaster Mineter
where M, i, = mass measured by the master meter 3; and

M, ... = mass measured by the service meter 40 under test

The mass measured by both the master meter 3 and the service meter 40 is determined by
counting pulses from the meter transmitter and dividing the number of pulses by the K
factor of the meter. Since Coriolis flowmeters are very linear flow measurement devices,

a meter factor for the master meter is generally not used. Instead, the master meter is



equation: N TM = N41 nmaster Mraster Mreter where Mraster = nmass neasured by
the master neter 3; and Mmeter = nmass neasured by the service neter 40
under testvolhmormes neasured by both the master neter 3 ard1iineeesyi ce
nmeter 40 is determned by counting pulses fromthe neter transmtter and
di vidi ng the nunber of pulses by the K factor of the neter. Since Coriolis
flowmeters are very linear flow neasulgnent devices, a neter factor for
the master nmeter is generally not used. Instead, the master nmeter is WO

02/ 097 3aAbR¥EId 108341k 48 & xtrbihebplin&r dfugsiit Corrpspontlieg Brtieyely ©emyter ifavar

out put corresponding as closely to a neter factor of 1.0000 as possible. A
proving ru ({mul d | ong enough firstly to ensure that enough pul ses are
accunul‘g{]e@()(f % P31 %MFse errors in pulse counting (usually a mni mum of

10, 000 pul ses should be accunulated fromeach neter), and secondly to
provi de a repeatable output fromthe neters. The run duration should not
be I ess than one mnute, but usually a run tinme of fromone to two m nutes

is suffjcient. Prefe |y at | east. three se t ' be
per  or ribarows rithSiepT e Jork oo f A6 PRI BR B i aEroBlBA
conpared agai nst the check neter to give a value MF 1 = Mrtest check, and
t he masbenidieilisr efrsrscionpase doagting susunly a minimum of 10,000 pulses should be
accumulated from each meter), and secondly to provide a repeatable output from the
meters. The run duration should not be less than one minute, but usually a run time of

from one to two minutes is sufficient. Preferably at least three separate proving runs

should be performed.

For the verification process the service meter under test is compared against the check
meter to give a value MF, = MF(/MF,,.,, and the master meter is compared against the
check meter to give a value MF, = Mf,,/MF ;... A comparison of the test meter
against the master meter can then be calculated to give a value MF; = MF,/MF, =

1\/[Ftest/]~v—[F master®

If the meter factor of only one of the meters is shifted, the factors of the other two meters
remain the same (e.g. 1.0000). Thus, one of the values MF,, MF, and MF, will also be

1.0000.

If MF, = 1.0000, then MF,,, and MF,,, are both 1.0000 and the master meter is shifted.

If MF, = 1.0000, then MF ¢, and MF_,, are both 1.0000 and the test meter is shifted.



check neter to give a value M2 = M ma, ter check A conparison of the test
neter against the master neter can then be calculated to give a value M3
= MF1/ MRP2wo o2idoesst/ | NEmaster. If the neter factor of onl yangonhishe
nmeters is shifted, the factors of the other two neters renmain the sane
(e.g. 1.0000). Thus, one of the valuegqMF1l, MF2 and MF3 will al so be
1.0000. IfMF1= 1.0000, then MFtest andcheck are both 1.0000 and the master

T 0000 SR ne 2000, Uer Wk add ARG TR AT, 000580 BREMEIRELBRRRT |

MF3 = 1.0000, then Mrtest and MFmer are both 1.0000 and the check rreter i's
shifted. These results are summarised in the follow ng table where MFA i s
the nmeter factor of the service neter under test, MFB is the neter factor

of the ) f MFA
Ve Wecr G feRs B '"'a“N‘E@? randiolityd t%lf%?ﬁé”%%ﬁﬁe SitpdactEofihe
1. 0000 1.0000 1.0000 1.0000 1.0000 1.0000 6ccellent One Meter shifted

1. 0015 serdoometeromder @stEB i tho owter faciosoffhachegk metenoast MF. goibe meten 15
1. 0000 0.9985 0.9985 1.0000 MFB=1/ MF1=1.0015

factor of the master meter.

| MRz | MFg [MF=MF,/MFg| MF=MFo/MFs | MF;=MFy/MF, |Adjustment

No Meter shifted '

1 1.0000 [ 1.0000] 1.0000 | 1.0000 | 1.0000 |  1.0000  |Excellent

One Meter shifted
1.0015 | 1.0000 | 1.0000 1.0015 1.0000 1.0015  |MFA=MF=1.0015
1.0000 | 1.0015 | 1.0000 0.9985 0.9985 1.0000  |MFg=1/MF=1.0015
1.0000 | 1.0000 | 1.0015 1.0000 1.0015 0.9985  |MF=MF,=1.0015
0.9985 | 1.0000 | 1.0000 0.9985 1.0000 0.9985  |MF\=MF,=0.9985
1.0000 | 0.9985 | 1.0000 1.0015 1.0015 1.0000  |MFp=1/MF;=0.9985
1.0000 | 1.0000 | 0.9985 1.0000 0.9985 1.0015  |MFo=MF,=0.9985
All Meters shifted Investigate Meters




1. 0000 1.0000 1.0015 1.0000 1.0015 0.9985 MFO=MF2=1.0015 0.9985 1.0000

1. 0000 0.9985 1.0000 0.9985 MFA=MF1=0.9985 1.0000 0.9985 1.0000 1.0015

1. 0015 1.9@/hFBsl / MF1= 0.9985 1.0000 1.0000 0.9985 1.MONBIDIOSSS

1. 0015 MFc=MF2=0.9985 All Meters shifted Investigate Meters WO 02/ 097379
PCT/1B02/ 01788 15 Clains 1. A flowreter proving device for use in proving
a flowreter in situ under operating ¢&dnditions, conprising first and
second standard Coriolis based mass flowreters which have been cali brated
to a predeterm ned accuracy specifi €him®, neans connecting the fluid
outlet of the first flowreter to the fluid inlet of the second flowneter to
connect, said | owneters.in,seriges, supply.andsreturn.conduits respectively
connootled t A EREHRGT Brovine et R el M MoV EAREHEhd 1R 3RE Ui St

outl et of the second flowneter to enable the device to be connected to a

fluid fdopditlonsecamptisingifing amdfdeoombstendatli@driols baset engss dlovdnsteehwhidhat
fluid flowwng in the flowline will flowin series through said fl owneter

and coltbboormangiorare b APAnREE Bduyty PR BRIk chSaNBARRERE ony

to said flowreter to be proved to receive flow nmeasurenment signals
t her ef rfiuiyl ostedofthe firss flovemeter teethe dluibidettaf e sesond dovanetento anectfsaidst and
second flowreters as a naster neter to check the accuracy of the

flowmeters in series, supply and return conduits respectively connected to the fluid inlet

of the first flowmeter and to the fluid outlet of the second flowmeter to enable the device
to be connected to a fluid flow line containing a flowmeter which is to be proved such
that fluid flowing in the flow line will flow in series through said flowmeter to be proved
and said first and second flowmeters of the proving device, and control means for
connection to said first and second flowmeters and to said flowmeter to be proved to
receive flow measurement signals therefrom, said control means being operative to use
one of said first and second flowmeters as a master meter to check the accuracy of the
flowmeter to be proved and the other of said first and second flowmeters as a check meter

for said master meter.

2. A device according to claim 1, in which the first and second flowmeters are

substantially identical to each other.

3. A device according to claim 1 or claim 2, in which the accuracy of each of the first

and second flowmeters is calibrated to an uncertainty of about 0.03% or less.



flowreter to be proved and the other of said first and second fl owreters as
a check neter for said master neter. 2. A device according to claim1l, in
whi ch t hewig ¢2ab78amd second flownreters are substantially ipdanBogedssg 0 each
other. 3. A device according to claim1 or claim2, in which the accuracy
of each of the first and second flowreters is calibrated to an uncertainty
of about 0.03%or |ess. WD 02/097379 PET/1B02/01788 16 4. A device
according to any one of the preceding clainms, in which the first and

second 4| owRtRi i orBDt teChrgnomre Gﬂtﬁﬁ)prebaﬁﬁg Gainh, dewldeh aloe dirstiangl t o
any one of the preceding clains, including tenperature and pressure
sensors for rOV|d|n the c roI neans th tenperature and pressure
measur SfeMd gyvn@qtgqs P P BAP%F&SWP% a%¥evi ce. 6. A device according to
claim5, in which the fluid outlet of the first flowreter is connected to
the fluid inlet of the second flowreter by an internediate conduit, and the
tenperature and pressure sensors are nounted on said internedi ate and

Che. supbl y dhdevieagr o g ke BtEadhe st LR QS cfirtkhre bl 17 01

according to any one of the pr ecedl ng cl ai ns, |n whi ch the control neans
i ncl udggessuee nvensdrspfarc pewiidipguthiet conirch rmezanep‘e'utht tenaparature caxidy ressure
process flow

measurements of fluid flowing through the device.

6. A device according to claim 5, in which the fluid outlet of the first flowmeter is
connected to the fluid inlet of the second flowmeter by an intermediate conduit, and the

temperature and pressure sensors are mounted on said intermediate and conduit.

7. A device according to any one of the preceding claims, in which the supply and

return conduits each contain a shut off valve.

8. A device according to any one of the preceding claims, in which the control means
includes a central processing unit which is operative to receive and process flow
measurement signals provided simultaneously by the master meter and the check meter

and the flowmeter to be proved during the same time interval.

9. A method of proving a flowmeter in situ in a flow line under operating conditions
using a proving device according to any one of the preceding claims, comprising

connecting the supply and return conduits of the proving device to the flow line upstream



measur enent signals provided sinultaneously by the master neter and the
check neter and the flowreter to be proved during the sane tine interval.
9. A net ha@d @foegroving a flowneter in situ in a flow | ine pga@o2/enes ati ng
conditions using a proving device according to any one of the preceding
clainms, conprising connecting the sug’gly and return conduits of the
proving device to the flow |Iine upstream W 02/097379 PCT/1B02/01788 17 or
downstream of the flowreter to be proved and on opposite sides of a shut

of f vabydownstrédie of kimflbwnetercb dsipngvedemdsdniopmdsite gales of aghaisoff wabatise t he
fluid in the flowline to flowin series through the flowreter to be

ot i nfia s beSingih SREE Vv B sl g RABY KOy B ow in

fl ommeters, conparing the flow rate neasured by the floweter to be proved
with t Beried througlatiee flemsnetedtdbe pnevask andthef firss and rsdcemt Sowniétesned ties of
the proving device to check the accuracy of the flowneter to be proved,

and co ”E?\giing?d‘%\ﬂge,yﬂt\%ﬂi L §ae Rt ehient %fe{lﬁe R’ ‘ﬁog? frafeNfrofd 5:% h &pdipsecond

f1 ownref ovVi hg vice w oW ra measured by sal d one

flowmeter to confirmthe accuracy of said one flowneter. .
flowmeters, comparing the flow rate measured by the flowmeter to be proved with the

flow rate measured by one of the first and second flowmeters of the proving device to
check the accuracy of the flowmeter to be proved, and comparing the flow rate measured
by the other of the first and second flowmeters of the proving device with the flow rate

measured by said one flowmeter to confirm the accuracy of said one flowmeter.



