WO 20091078910PCT/US2008/013263 TITLE OF THE INVENTION Turbulence Conditioner for
Transit Time Ultrasonic Flow Meters and Method FIELD OF THE INVENTION 100011The present
invention is YeMR28TEAW altering of the structure of turbulence in a pipe suBRTHEY208/0asBedent
variations of the fluid velocity, as measured by a transit time ultrasonic flow meter downstream of a
turbulence conditioner, are much reduced. TABIS €5 "EME TN ¢ IERENERS to the "present invention™ or
"invention” relate to exemplary embodiments and not necessarily to every embodiment encompassed

by the appended clamghuldieéaCibicdiionertesbTientvataabyiadssiaeFiaciiatasdhad ey of the
ultrasonic meter-confirming its calibration against a standard-making it possible to confirm this

calibration with significantly fewer runs of the prover than is possible with the same ultrasonic meter
and the same prover operating without the FIEDIeOEETEOR ANVENTEARTCKGROUND OF THE
INVENTION 100021This section is intended to introduce the reader to various aspects of the art that
may be related @0@¥jous asp&éts ptébenprasentisiveistieslattiettoliawingshsgussiands imMandrd &7
provide information to facilitate a bettey understanding of the E)_resenf i V(%ﬂltian. Accordingly, it should
be understood tHEP ‘s‘fg%g%gh?spllr??ﬁél?éﬁ%\ﬂﬁﬁbe&fér A4S L1ae fidalgrtyand mepsied
admissions of phigrarta§ipA3hd rahsisdinte Divasasier fldownsiieshaye exhihitestexeail@inorrpeatability
and absolute acr%t{lrcahqéei(rlm gﬁgﬁ&ow meagsurement. a Iicatiogiéeljowever, charactgristi¢s inherenf in

the nature of théit frtasur Sp?é%‘z e TSR hEe RERTY ARyl d % cISiEHeY
transfer measursthentsof petialdary peachiimnaustody tiansierckaikesiplace Weryovenasstimenta

batch of a particular product changes. On Il sc li sucg a transfer takes place at the pump in a

gas station, betve\:/%%orﬁ aessoevén?é’F 0 h%’%%%%é?@ﬁ%%g he Zgdpsien m trBuler? Velocity Varations
facilitates the “proving” of the ultrasonic meter—confirming its calibration against a
standard—making it possible to confirm this calibration with significantly fewer runs of
the prover than is possible with the same ultrasonic meter and the same prover operating

without the turbulence conditioner.

BACKGROUND OF THE INVENTION

[0002] This section is intended to introduce the reader to various aspects of the
art that may be related to various aspects of the present invention. The following
discussion is intended to provide information to facilitate a better understanding of ihe
present invention. Accordingly, it should be understood that statements in the following

discussion are to be read in this light, and not as admissions of prior art.

[0003] Transit time ultrasonic flowmeters have exhibited excellent repeatability
and absolute accuracy in many flow measurement applications. However,
characteristics inherent in the nature of their measurements present difficulties when
these meters are applied to custody transfer measurements of petroleum products. A
custody transfer takes place when ownership of a batch of a particular product changes.
On a small scale, such a transfer takes place at the pump in a gas station, between the

owner of the gas station and his customer.



WO 2009/078910PCT/US2008/013263 1000411t is industry practice in custody transfer measurements
to "prove" the meter; that is, to establish its calibration accurately, by independent means. Provers are
usually devibés 2892 Uhd precisely established volume. The time requireBGE/ HEMMBHIRIolume of
product defined by the prover is accurately defined by the transit of a ball or piston, pushed by the

product, from ongoeagl of the pravemimiths gihetiddiah étm@d%(d&\é%%& VRLRSAHIAIR e RQNeP rHfe and
ravel.

bypass the prover when the ball reaches the end of its Position switches at the beginning and

end of the provéP<§FchidirSdarrstabosih b pRiRERIPI AFF IRty e PatiBK enandent  sisamsrRFRYEFS are
meter-the meteqa By urRGCER BeASBHC BN edtRptdhed Jelivaredrin Jisrecltirupionelivihe

volumetric output measured by the custody transfer meter (in traditiona%practice, a turbine or positive
1

displacement mfe¥PimRG tREAdusliAISHiE X e parserts arswalshideingd brdbe temainahaatactor

(i.e., a calibratiost gasteatipaitisEbinblispeed dRORGH daa s iDL ustylRagticetR RAKIMIRRebetd
several prover ryns-five is typical-to establish the "repeatability” of the meter factor of the custody

transfer meter. RYSEStARIHTHR SRS 18N ShatR A dLyRasIthadieuer axhien dhs balb raardrsnitie
between the higihand iewmeserHosiosn SaitcResal ahEAKIS aflVIdROIMIB S IovemataEasisfrom

that set. The re%?atabili.t (orin sIatisticﬁléﬁ%minology, "range") of a set of proving runs Is a measure of

the uncertainty STTREEE PPEERSPESY PRI L rastedy fansdet et mthe Bt tdderor

example, a repaatabibtyhehhfbitei arhoiitoobibduRtaiviediCesessihat the-titeietamiacinufrédhe
custody transfer meter Iies%vfi(tifﬁirsbg. .027% band of the mean meter factor from that run set, with 95%
isac

confidence. A nfatEPtabig? "0 10N AR (B S i A R R G i Rrs forturbine or

measurement. HoeRbEikkRderhéne bty atitivg disppacemegrtiidw doelsifedtt ansivimmelyaganic
flow meter does not measure volumetric flow rat cor.ltinuouslél, b t.inste%%infers it from multiple
samples of fluidPVRISERNSHBEHFE ﬁ&f%@-smﬁﬁ?ﬁt‘ﬁ@‘ﬂ%W%”fS RWRSRSIARESHESh periodic
measurements of the axial fluid velocity as projected onto one or more acoustic paths-paths along
which the transirfglmil of pulslef‘s oflultraaoutnd are measured. The {)ath velocity measuremenjs are
combined according to rules ApRBaRs YEThBIAFHIR B2 PGB &P P TR Rl PEO YR Y etars 1s
employ parallel ypiralal-patbstartiahged ifrapeandiiitg withie speatictioethed ahawnatdgl triagiation.
100071The pe”r(r)lgtgP./ er ehﬁggtzﬁ)r}h I)t/rb}%om% t{)%%% eﬂmei%t&[ycqlsle%%ﬁ?lr}%lgned as follows: the

difference between the high and low meter factors from a set of prover runs, divided by

the low meter factor from that set. The repeatability (or in statistical terminology,
“range”) of a set of proving runs is a measure of the uncertainty of the meter factor as
determined by the average of the results of that set of runs. For example, a repeatability
of 0.05% in 5 runs of the prover indicates that the true meter factor for the custody
transfer meter lies within a + 0.027% band of the mean meter factor from that run set,
with 95% confidence. A meter factor of this accuracy is the accepted standard for

custody transfer measurement.

[0006] Unlike turbine and positive displacement flow meters, a transit time
ultrasonic flow meter does not measure volumetric flow rate continuously, but instead
infers it from multiple samples of fluid velocity. Specifically, the volumetric flow rate is
determined from periodic measurements of the axial fluid velocity as projected onto one
or more acoustic paths—paths along which the transit times of pulses of ultrasound are

measured. The path velocity measurements are combined according to rules appropriate



set of velocity measurements (one velocity measurement or more, depending on the number of paths)
is determined by the path transit times, the number of paths, and the data processing capabilities of
the meter it3eQ PORGBEOmMeters, the flow samples will typically be collected6¥&r§38¢fstis2E@nging from
5 to 100 milliseconds, resulting in sample frequencies between 10 Hz and 200 Hz. These figures may
differ from one uirasanicumeter AR IgBaioanathee. JGRONAM yisasiedHpwyeasH e Desds thaha
sample data system on,two coug% 000 ]g It does not measure the velocity everywhere across the

pipe cross sectiBABEESAR AN fismsiheib bl BB AT A8 tRS s ure velocity

continuously, but instead takes a series of "snapshots"” of the velocity from which it determines an

average. [0011] se of these properties, a transit time ultrasonic meter responds to flow
phenomena Iikeﬁﬁmﬁlence diﬁ&eﬁﬁﬁfﬁé’ﬁ’ BREP 3B L TS P TREH RS RISLeh 49 Leais e singise

petroleum indusigy .dfl skdcspiscitieaiys cimerind vkl alellovitynarasiesnamis &f thapsitdipendifassithe
meters will be affectt()ad b¥ th?hs alldscale.rag%)m (.e., %erulen%variaﬂ??ﬁns in Jocal flui velocit¥.
These variation24Fe Both PERShIASKARETaPYa s RAD HFARSHhHT RSy G5 OmBRE S aftthibe
measurements tatdqiesoeistnthealyalel kves agetitomedtaidtiel feHocdi uairargas) g AsoRtihplignsitdue to
turbulence to a%ceptal?leblevel . Ttur ine metersdand ositi\%g disglacifggnt eters, gn the other hand,
respond to the ISV FeNd It pips as LRSI IR EYIeHsn Y The S &%ﬁﬁcgg TelSH e s
inherent in the ratupdeofithpicieisp seze®n thEpthet 0@ BithEHesy Gigiiren sitayme fidir Femi cometers
are not encumbelred b ig)plﬁica limitations tlimlére bypass leakage and friction, and may therefore

. ultras T desi 0 an . . . . o\
provide measurement capa ﬁlty over awiaer range of velocity and viscosity conditions.

[0008] An ultrasonic flow measurement is thus a sample data system on two
counts:
[0009] (1) It does not measure the velocity everywhere across the pipe cross

section but only along the acoustic paths, and
[0010] (2) It does not measure velocity continuously, but instead takes a
series of “snapshots” of the velocity from which it determines an

average.

[0011] Because of these properties, a transit time ultrasonic meter responds to
flow phenomena like turbulence differently than other meters commonly used for
custody transfer in the petroleum industry. More specifically, the individual flow
measurements of transit time ultrasonic meters will be affected by the small scale
random (i.e., turbulent) variations in local fluid velocity. These variations are both
temporal and spatial, and an ultrasonic instrument must make multiple measurements to
determine the true average flow rate—to reduce the random error contributions due to
turbulence to acceptable levels. Turbine meters and positive displacement meters, on
the other hand, respond to the flow field in the pipe as a whole; integration of the fluid
velocity in space and time is inherent in the nature of their responses. On the other side

of the ledger, transit time ultrasonic meters are not encumbered by physical limitations



100121For custody transfer, flow meters are designed to produce pulses per unit volume of fluid that
passes through them (for example, 1000 pulses/barrel). The meter factor MF is given by: 10013]MF =
VINP 10014YP&M%108981V is the volume of the standard-the prover-betweRGT{HE20¥Wd24bon
switches embedded in its walls. When a proving run is initiated the flowing fluid is diverted through the

prover and pushig asdker1ed pﬁﬁiQ?%H&&,tfﬁ?dﬂrﬁx%/t%rm@iB%W&J%é@ﬁ?%&i%&&i%ﬁ?
when the ball or piston reaches the downstream switch [00161NP is the number of pulses produced by
the meter durin§ YRe3RHEE BREH P eGies K tHecosireanditionsh is actuated (time T 1) and ends
when the downstream switch is actuated (time T2). 100171Ultrasonic meters determine a flow rate Q
in volume units fer second fram individual measurements of fluid velocity along one or more acoustic

paths. They thet2¥3& must gdingretstadyseansiemBansmetsts atk darignsshiroproducaHsas 8eE Wilses

at a rate k exaciyIpreportinnRl dhpeld MeBiEHMRRIEo Bsmibr NoobesiRase ) Prisediyasby:

100181NP =k ? (T2-T1). .
actor MF'is given by:

[0013] MF = V/NP
[0014] Here
[0015] ' V is the volume of the standard—the prover—between the two

position switches embedded in its walls. When a proving run is
initiated the flowing fluid is diverted through the prover and
pushes a ball or piston past the upstream switch, initiating the
run, which is terminated when the ball or piston reaches the

downstream switch

[0016] NP is the number of pulses produced by the meter during the
period which begins when the upstream switch is actuated (time

T1) and ends when the downstream switch is actuated (time T2).

[0017] Ultrasonic meters determine a flow rate Q in volume units per second
from individual measurements of fluid velocity along one or more acoustic paths. They
therefore must generate pulses by means of a frequency converter that produces pulses

at a rate k exactly proportional to the volumetric flow rate. Thus the number of pulses

NP is given by:
[0018] NP =k Q(T2-T1)
[0019] If the uncertainties in the volume of the standard, the frequency

converter k, and the actuations of the upstream and downstream switches are ignored



100191If the uncertainties in the volume of the standard, the frequency converter k, and the actuations
of the upstream and downstream switches are ignored (these terms are generally smaller by an order
of magnitud® th&tReésHtertainties associated with the flow instrument calibdtiBP2o$/fid2e3detailed
analyses they are not ignored), the per unit uncertainty in meter factor for a 95% confidence level is

given by: [0020}eME¢MErm 2 40 QM1 amaan (W) P4 heradQisonastandansdeviation of
the mean of the N flow Sﬁmples collected during the prove, or amean(N)- [0022]One standard

deviation of the 3 ROSAIEMELA B HioNy rostucarhbaabbiatireaMoRereteiiladisrplysiotasy A5R MObiven
by: [0023]ameaiyhbred$ithe) pe? [RRRdlcktaintyitthr@iondaspeeyiasancohtne:Ranidwias shiawy:

samples-the

[0020] dMF/MF = 2 dQN)/Q = 2 Gumean (N)

[0021] Where dQ(N) is one standard deviation of the mean of the N flow

samples collected during the prove, or Gmean(IN).

[0022] One standard deviation of the mean, Gmean(N), of N representative flow

samples taken during a proving run is given by:

[0023] Gmean(N) = S/(N)'2

[0024] Here, S is the standard deviation of the population of flow samples—the
quantitative characterization of the random variability, produced by the turbulence, in
the individual flow measurements of the ultrasonic meter, from one flow sample to the

next.

[0025] An examination of the above equation reveals the variables that must be
controlled to achieve satisfactory proving performance in ultrasonic meters: the
turbulence intensity as it affects the standard deviation of the flow samples, S, in
combination with the number of samples, N, accumulated during each proving run.
These parameters must be such that 6mean(IN) is small enough to ensure that the range of
measured meter factors does not exceed the requirement. Calculations indicate that, if

Omean(N) can be made small, meters will prove successfully more than 99% of the time.

[0026] Meeting these requirements is not straightforward. With a typical line
prover operating at nominal flow rate, the duration of a single proving run is about 20
seconds, more or less. If a sample frequency of 50 Hz is assumed, the number of

samples that will be collected during a proving run is 20 x 50 = 1000. As noted in the



guantitative characterization of the random variability, produced by the turbulence, in the individual
flow measurements of the ultrasonic meter, from one flow sample to the next. [0025]An examination of
the above eYha/Pé84Is the variables that must be controlled to achieveP§iSfR86§91ptoving
performance in ultrasonic meters: the turbulence intensity as it affects the standard deviation of the

flow samples, SyrigvfQmRinatigeEh hadiimier AhaampasidloAs WBUIBIeGBLINgLRERIONIRG run.
These parameters must be such that Gmcan%l;lg is small enough to ensure that the range of measured

meter factors dORRHBEREAL AfALINL B ARATIE MAsRA S e diethsat, T amTanseyRrasaEiAdde
small, meters' wilhpsaawa sHsyansily uperedhapisiddahthadiras J9N8IMeeting shasexesuiements is

not straightforward. With a typical line prover operating at nominal flow rate, the duration of a single

proving run is aBbdt 20> LREMEL AT &(VPegg}‘fFazé)aﬁb‘Pé“?rBﬂlYé%W%‘llli”l’gdé‘éﬁﬁ’r%ut,artﬂ@ mber

of samples thatayilbe calect@dtH UHB AFAPIAVIRIOTUS,i5 AR)¢ Bk pAHABiIAG BOEBHAG PrRviersly
referenced patent, the random variations due to turbulence in the flow measurements of a four path

chordal ultrasoMEP¥REEETR WHER 8Os dangshis Lissham WetiiB8 B Syseinlly Goasisisnt piithg
can lead to variatioas polansaskpetténee aBijigH s WsSubstitwiingHae dakowlfigens, sBewetoider

proving runs will produce a amean(N) of about 0.04%. With the this value of -mcan(N), the probability
of obtaining a sﬂ'l%f‘%’b‘?&‘?fﬁﬁ?’iﬂ@&% i sraacss prabakiliise of $HEFFSR0%, a figure essentially

consistent with actual proving experience. Experience also confirms what calculations show: Higher
turbulence will e still smaller probabilities qf sucgess. [0027]This, then, is the problem.
Turbulence, su@h%gg ir:1ormall>r/:i]£’1 otﬁﬁ{’er’@ad?ﬁ BE%&‘F@E{&Q ﬁ%‘f%?ﬁ‘é‘fﬁé&rﬁ) %Iéﬁﬁ@ﬂfgrﬁﬁjem
repeatability of feeroleiar frctius ipiptans) idverstipackadtymaiesbastnenti eaeidrshetbeufaion
prover runs. Ungess otmethg{g IS d.oréito alter the character of tr%% turgulence, it a %ears thﬁé‘t
ultrasonic fiown Etey gt PALRS 2R AN PRE SR SROATHIGH AP ROk rd AT AB LRIV B PS p SIS Rty
figures meetingspatethéugnisndostryexprectattonsaracter of the turbulence, it appears that ultrasonic

flowmeter meter factors measured with conventional provers will not achieve

repeatability figures meeting petroleum industry expectations.

[0028] U.S. Patent No. 6,647,806 is based on the hypothesis put forward by
Dryden. (Hugh L. Dryden and G.B. Schubauer, The Use of Damping Screens for the
Reduction of Wind Tunnel Turbulence, Journal of Aeronautical Science, April 1947.)
He tied the réduction in turbulence produced by a series of one or more fine mesh
screens in cascade to the production of eddies of very small diameters whose energy
was dissipated as heat in a settling chamber downstream of the screen(s). Because
screens are structurally impractical for resisting the hydraulic forces produced by liquid
flow, the means proposed by the patent endeavored to produce the same effect with
relatively small holes in plates. It» will be seen in the data of Table 1 of that patent,
reproduced below, that the improvements achieved were small. The largest reductions
in turbulent variations cited in the prior patent were produced by reducers, either alone,

or in combination with plates having small holes.



[0028]U.S. Patent No. 6,647,806 is based on the hypothesis put forward by Dryden. (Hugh L. Dryden
and G.B. Schubauer, The Use of Damping Screens for the Reduction of Wind Tunnel Turbulence,
Journal of AWRRHIHITEPBcience, April 1947.) He tied the reduction in turbulBREAIHREHEBARY a series
of one or more fine mesh screens in cascade to the production of eddies of very small diameters
whose energy was dissipated as heat in a settling chamber downstream of the screen(s). Because
screens are structurally impractical for resisting the hygeaelic forces produced by liquid flow, the
means proposed by the patent ender¢prediie:Q@emCcE . ePatmesediecsvgtB relatively small holes in
plates. It will be seen in the data of Table 1 of that patent, reproduced below, that the improvements
achieved werg small. The largest reductions in turbulent variations cited in the prior p&igai¥aBevia

produced by reducers, either algngb@eiit€ebditiiRn @attiglatasoaving small holes. W@F One Flow
2009/078910RCT/US2008/013263 Table 1 Reproduced from U.S. Patent 6,647,806 B1 Tuky#gjise

conditioner Cd rg}g?l{g}'(%p%t%@%aﬁ% ?}?f\ﬂgeﬂn Cg&le%rlfri]l%/}vfample Straight pipe with no diftuser. 1 7so

mechanism 1. 0 Large hole perforate
Large hole perforated plate | 1.61%
Small hole perforated plate 0.93%
Reducer immediately upstream 0.63%
Reducer/large hole perforated plate 0.64%
Reducer/small hole perforated plate 0.59%

* The lower figure was not included in the referenced patent, but reflects multiple measurements made
subsequent to the filing of that patent. Standard deviations higher than 1.75% can be found 5 to 10
diameters downstream of hydraulic disturbances such as bends, compound bends, and header exits.

[0029] The method for reducing the effects of turbulence employed by the
turbulence conditioners of this invention does not rely on the elimination of turbulence
through the dissipation of very small eddies. Rather, the reduction in the random
deviations of flow samples is brought about reducing the eddy sizes such that they are

effectively averaged within the acoustic beams of the ultrasonic meter.

[0030] The reduction in eddy sizes produced by the turbulence conditioners of
this invention also leads to an increase in the frequencies of the random variations in
fluid velocity produced by the turbulence. The frequency increases also lead to
improved proving performance, by making a limited sample of N velocity
measurements collected during a proving run more representative of the entire

population of velocity variations.

SUMMARY OF THE INVENTION

[0031] The present invention pertains to an apparatus for determining fluid flow
in a pipe. The apparatus comprises an ultrasonic flowmeter which communicates with

the interior of the pipe through at least one pair of apertures, where each aperture of the



1.61% Small hole perforated plate 0.93% Reducer immediately upstream 0.63% Reducer/large hole
perforated plate 0.64% Reducer/small hole perforated plate 0.59% * The lower figure was not
included in WO AOfRTH& patent, but reflects multiple measurements madSHHEEGMBMRSIhe filing of
that patent. Standard deviations higher than 1.75% can be found 5 to 10 diameters downstream of

hydraulic disturlaagasrsecaRethrRIAS CoMeFsil bensaerrd NRadep £X8 comprises a turbulence
conditioner disposed in the pipe having openings where the Ritch between openings is a

function of the effective diameter of the apertures.

[0032] The present invention pertains to a turbulence conditioner for a pipe.
The conditioner has openings and a pitch. The conditioner has walls between the
openings whose thickness is a function of the pitch. The conditioner has a length which

is a function of the pitch.

[0033] The present invention pertains to a method for determining fluid flow in
a pipe. The method comprises the steps of flowing fluid through a turbulence
conditioner disposed in the pipe having openings where the pitch between openings is
made a function of an effective diameter of an aperture of an ultrasonic flowmeter
which communicates with the interior of the pipe through the aperture. There is the step

of measuring the flow with the meter.

[0034] The present invention pertains to a method for producing a turbulence
conditioner for use with an ultrasonic flow meter in a pipe. The method comprises the
steps of identifying an effective diameter of an aperture in the pipe through which the
flowmeter communicates with the interior of the pipe. There is the step of determining

a pitch between holes in the conditioner as a function of the effective diameter.

[0035] The present invention pertains to an apparatus for determining fluid flow
in a pipe, comprising an ultrasonic transit time flowmeter and a turbulence-altering
turbulence conditioner, both placed in the pipe. The alteration of the turbulence by the
apparatus is such that a meter calibration meeting very narrow accuracy requirements
can be determined in a few runs of a prover (a volumetric standard), a capability not
otherwise achievable. Several turbulence conditioner configurations that will produce
the necessary alteration to the turbulence are described. A second arrangement of the
apparatus is also described. It draws on a configuration employing a reducing nozzle

downstream of the turbulence conditioner but upstream of the meter.



[0029]The method for reducing the effects of turbulence employed by the turbulence conditioners of
this invention does not rely on the elimination of turbulence through the dissipation of very small
eddies. RatNe®, 20/p881btion in the random deviations of flow samples is bR HE298(H $&ebucing the
eddy sizes such that they are effectively averaged within the acoustic beams of the ultrasonic meter.
100301 The reduction in eddy sizes produced by the turbulence conditioners of this invention also
leads to an increase in the frequengR$EN HESERIPMOR GHOE DRI WEIeGity produced by the
turbulence. The frequency increases also lead to improved proving performance, by making a limited
sample of N velpnsmeasurerigirs qalegtad Buwigshit ovdndifisheorRlRRIesamatiyerrhihewhlire
population of velocity variations. SUE/IMARY OF THE INVENTION 100311The present invention
pertains to an aPPRFGET AP LSRR PP HALMERr shavie. PhstaphLPa s iprises an ultrasonic
flowmeter which communicates with the interior of the pipe through at least one pair of apertures,
where each aperture of the ope pair of apertures has an effective diameter. The apparatus comprises
a turbulence coiﬂﬁégher dispdd€dth ltﬁeli)ii?gtﬁ%ﬂﬂ“ﬁlsgeﬁmag wprsecarb rerdianee s ehtiddis a
function of the efferetive miasheten buthwapestts eswiddRaldd)e present invention pertains to a turbulence
conditioner for a pipe.

[0038] Figure 2 is a perspective drawing of the honeycomb turbulence

conditioner also as prescribed herein, with the chordal ultrasonic meter downstream.

[0039] Figure 3A is a perspective drawing of an “egg-crate” turbulence

conditioner also as prescribed herein, with the chordal ultrasonic meter downstream.

[0040] Figure 3B is a sectional view of the “egg-crate” turbulence conditioner.
[0041] Figure 3C is a side sectional view .of the ‘“egg-crate” turbulence
conditioner.

'10042] Figure 4A is a perspective drawing of a “mini-tube” turbulence

conditioner also as prescribed herein, with a reducing nozzle and chordal meter
downstream (and an expanding nozzle downstream of the meter, to maintain upstream

and downstream pipe diameter).

[0043] ‘ Figure 4B is a sectional view of the “mini-tube” turbulence conditioner.
[0044] Figure 4C i1s a side sectional view of the “egg-crate” turbulence
conditioner.



The conditioner has openings and a pitch. The conditioner has walls between the openings whose
thickness is a function of the pitch. The conditioner has a length which is a function of the pitch.
[0033]The pYEEMMIVEHlon pertains to a method for determining fluid flow R¢A/ BR3&SIHE 2% ethod
comprises the steps of flowing fluid through a turbulence conditioner disposed in the pipe having

openings whergdbasjitch betwgeiRopapingkéschapewadbnGHaANE aale e dismetss aieinamerture
of an ultrasonic flowmeter which communicates with the interior of the pipe through the aperture.

There is the step*BPmERNHAYUH RERPIEARCSERTRteRei s phy hebienrwentshodinaes of
method for produgingvarntgaulence conditioner for use with an ultrasonic flow meter in a pipe. The
method comprises the steps of identifying an effective diameter of an aperture in the pipe through
which the flowmeter communicates with the interior of the pipe. There is the step of determining a pitch

between holes ifpgag]conditiorgiure 8 funchn of theefirciiva disMelontlRRPI IR HesRMEIREAION
pertains to an ?‘{%ﬁr tus for determining fluid flow in a pipe, comprising an ultrasonic transit time
Wimshcseas b

flowmeter and AT NIRG LS Bt ST OSOApraR e ViRE thpanagmatude pitiBA of

the turbulence Hlothevaripasatysais auelihat aynetrr salldmdodeMeesnbYahe NAFOVEASHIESCYs a
requirements can be deteégained in a few runs of %(gro er (a volumetric standard), a capability not
otherwise achieVASICE8Y M USGIene LuHdtBRe PlorRiiatd Aty sysirally the pbtaigedry
alteration to thewitiinieteeata: ieserdoadifonecndsarshogament of the apparatus is also described. It
draws on a configuration employing a reducing nozzle downstream of the turbulence conditioner but
upstream of the meter. BRIEF DESCRIPTION OF THE DRAWINGS [0036]Figure 1A is a honeycomb
conditioner vieW@4ifpm upstiggurevithisteapist o€ ex ppdnisnes edsoe)dabwiaie fieh overake RRASEQN a
downstream. set of five meter factor measurements obtained with the honeycomb turbulence
conditioner and ultrasonic flowmeter as described herein, as a function of the calculated
standard deviation of the mean flow during a proving run, for proving volumes typical

of the flow rates present during the measurements.

[0048] Figure 8 is a bar chart of experimental results showing the percentage of
successful sets of 5 proving runs each, as a function of the calculated standard deviation

of the mean flow during the proving runs.

[0049] Figure 9 is a cross-section of a conditioner with different sized holes.

[0050] Figures 10 and 11 show a conditioner where the holes are not of equal

dimensions.

[0051] Figure 12 is a cross-section of a conditioner with holes having 2 sides.
DETAILED DESCRIPTION

[0052] Referring now to the drawings wherein like reference numerals refer to

similar or identical parts throughout the several views, and more specifically to figures

1A, 1B, 2, 3A, 3B, 3C, 4A, 4B and 4C thereof, there is shown an exemplary apparatus

10



[0037]Figure 1B is sectional view of the honeycomb conditioner (the chordal meter is not shown but
couples to lower flange). [0038]Figure 2 is a perspective drawing of the honeycomb turbulence
conditioner MW P7ELHibed herein, with the chordal ultrasonic meter doWHSHESHOFOOROF-igure 3A
is a perspective drawing of an "egg-crate" turbulence conditioner also as prescribed herein, with the

chordal ultrasonig reteseawnRiEand@RPIhiapSBIS TrecipARIMeWAEhHrReg-AalRrlyhidence

conditioner. [0041]Figure 3C is a side sectional view of the "egg-crate" turbulence conditioner.

[0042]Figure 4AlRMNSETE b eI BicRishiwithy s RIBIERE PRSP ERSS N3 JrestABed
herein, with a reducisn fezalrans charsal éﬁ@ﬁeapism&strgam taechan pxRasdiEAeREle gayyestream
intai t dd t [ ilameter).
of the meter, toe@fglzrt]ltséndlflgrgert%?.r%gg app%?fsrleg Tor%lggses a turbtzlence conditioner 16 disposed in
the pipe 12 havirig openings 22 where the pitch between openings 22 is a function of the

effective diameter of the aperture 18.

[0053] The conditioner 16 has walls 20 between the openings 22 whose
thickness can be a function of the pitch. The conditioner 16 has a length which can be a
function of the pitch. The meter 14 can be disposed up to 3 internal pipe 12 diameters
downstream of the conditioner 16. The pitch can be less than the effective diameter of
the aperture 18. The walls 20 can have a thickness between 1/4 and 1/10 of the pitch.
The length can be 5 to 20 times the pitch. The pitch can be a function of the meter's 14
diameter. The pitch can be a function of the meter's 14 maximum velocity. The pitch

can be a function of the meter's 14 sampling rate.

[0054] The holes can have a cross-section that is two or more sided. Figure 12
shows holes that are two sided. Alternatively, the holes can have a circular cross-
section, as shown in figures 4a and 4b. A filter 26 can be disposed in the pipe 12
upstream from the conditioner 16. A nozzle 24 can be disposed in the pipe 12 upstream
of the flowmeter 14 and downstream of the conditioner 16. The meter 14 and the
conditioner 16 can satisfy proving requirements for maximum and minimum flow
velocities for which the meter is designed. The conditioner 16 and the meter 14 can

satisfy a proving requirement of +/- 0.027% uncertainty in five proving runs.

[0055] The present invention pertains to a turbulence conditioner 16 for a pipe
12, as shown in figures 1A, 1B, 2, 3A, 3B, 3C, 4A, 4B and 4C. The conditioner 16 has
openings 22 and a pitch. The conditioner 16 has walls 20 between the openings 22
whose thickness is a function of the pitch. The conditioner 16 has a length which is a

function of the pitch.
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[0043]Figure 4B is a sectional view of the "mini-tube" turbulence conditioner. [0044]Figure 4C is a side
sectional view of the "egg-crate" turbulence conditioner. WO 2009/078910PCT/US2008/013263
[0045]Figurdve 208p489Hh showing turbulent eddies intersecting an ultrasoMEBE&MIFAQ  Rithout a
turbulence conditioner and (b) with the turbulence conditioners of this invention. [0046]Figure 6 is a

plot of experimeo@gpsults obtaingr b ithresie yeaamstis ueass S endiieasriants nmaikr as

described herein, showing the magnitude of the flow variations, as measured by one standard

deviation of the 3PS akipleSha 2L HEPTRSY HieStPRt Matipiing Hrid il Raturatrmee
typically be obtajseg e uldhBspoksdenceegpigiianerisialsoshamey IO4HORe pigiR Biketn

experimental results, showing the average range of a set of five meter factor measurements obtained

with the honeycSRiB &b dtente BaHAIfoARRSHRR [ b SilaroNmdiansten oL b P FEYE 1 8s mction

of the calculatedstasshachideviation Df thaisheashilauntiadiova tBrensniaitebrior phe e VRIURR Brpical

of the flow rates present during the measurements. i i
t}Pe aperture 1£gT ere is tﬁe step of measuring the flow with the meter 14.

[0057] The flowing fluid through a turbulence conditioner 16 step can include
the step of flowing the fluid through the turbulence conditioner 16 wherein the
conditioner 16 has walls 20 between the openings 22 whose thickness is made a
function of the pitch. The flowing fluid through a turbulence conditioner 16 step can
include the step of flowing the fluid through the turbulence conditioner 16 wherein the
conditioner 16 has a length which is made a function of the pitch. The flowing fluid
through a turbulence conditioner 16 step can include the step of flowing the fluid
through the turbulence conditioner 16 disposed up to 3 internal pipe 12 diameters

upstream of the conditioner 16.

[0058] The flowing fluid through a turbulence conditioner 16 step can include
the step of flowing the fluid through the turbulence conditioner 16 wherein the pitch is
less than the effective diameter of the aperture 18. The flowing fluid through a
turbulence conditioner 16 step can include the step of flowing the fluid through the
turbulence conditioner 16 wherein the walls 20 have a thickness between 1/4 to 1/10 of
the pitch. The flowing fluid through a turbulence conditioner 16 step can include the
step of flowing the fluid through the turbulence conditioner 16 wherein the length of the
conditioner 16 is 5 to 20 times the pitch.

[0059] The flowing fluid through a turbulence conditioner 16 step can include
the step of flowing the fluid through the turbulence conditioner 16 wherein the holes
have a cross-section that is two or more sided. Alternatively, the flowing fluid through
a turbulence conditioner 16 step includes the step of flowing the fluid through the

turbulence conditioner 16 wherein the holes have a circular cross-section.
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[0048]Figure 8 is a bar chart of experimental results showing the percentage of successful sets of 5
proving runs each, as a function of the calculated standard deviation of the mean flow during the
proving rundYOI¥IEIfe 9 is a cross-section of a conditioner with differerR SIZES2AIE43263
[0050]Figures 10 and Il show a conditioner where the holes are not of equal dimensions. [0051]Figure
12 is a cross-section of a conditioner with holes having 2 sides. DETAILED DESCRIPTION
[0052]Referring now to the drawings wherein like reference numerals refer to similar or identical parts

throughout the $&80M1 views, AalIRBroE Susicainr el fytirdwigncpsondiionsy 16stepacaminglydec

thereof, there isishewwp anfowimplaty anrpthibegH Q Preeteraipoaduidiiowipea pipgsiiatiom
apparatus 10 comprises an ultrasonic flof\%r}nveter 14 which communicates with the interior of the pipe

12 through at 1695t ST PAPSt Aperilifss 0V IRaBId dbrongh f furphIRtR-oRdiBameb il p8iRRredn g
has an effectivasiametete i appA@ia g GHeomatsescu i b ignsacoaditionsic46i6ishosagdnithe
pipe 12 having openings 2 Whﬁl‘e the pitch between openings, 22 is a function of the effective .
diameter of the %%&?a q the flowmeter 14 and downstream of the conditioner 16. The measuring
step can include the step of measuring the flow with the meter 14 which meets a
proving requirement. The measuring step can include the step of measuring the flow
with the meter 14 which meets the proving requirement of +/- 0.027% uncertainty in

five proving runs.

[0061] The present invention pertains to a method for producing a turbulence
conditioner 16 for use with an ultrasonic flowmeter 14 in a pipe 12. The method
comprises the steps of identifying an effective diameter of an aperture in the pipe 12
through which the flowmeter 14 communicates with the interior of the pipe 12. There is
the step of determining a pitch between holes in the conditioner 16 as a function of the

effective diameter.

[0062] There can be the step of determining a thickness of walls between the
openings as a function of the pitch. There can be the step of determining a length of the
conditioner 16 as a function of the pitch. There can be the step of building the
conditioner 16 having the pitch, wall thickness and length determined in the
determining steps. The building step could include fabricating the center portion 35
having the holes 22, cutting it to length and diameter to meet the design parameters
determined for the pitch, wall thickness and length, and attaching a flange 37 to the

center portion 35 so it can be seated in the pipe 12.

[0063] The present invention pertains to an apparatus 10 for determining fluid
flow in a pipe 12, comprising a turbulence-altering turbulence conditioner 16 and an
ultrasonic transit time flowmeter 14, both placed in the pipe 12. The arrangement

facilitates the “proving” of the ultrasonic meter 14 in a number of prover runs
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100531The conditioner 16 has walls 20 between the openings 22 whose thickness can be a function
of the pitch. The conditioner 16 has a length which can be a function of the pitch. The meter 14 can be
disposed upXe 208 0pipe 12 diameters downstream of the conditioner RETHEWREAREH be less
than the effective diameter of the aperture 18. The walls 20 can have a thickness between 1/4 and

1/10 of the pitchyohkitepRtRCaR B tertthdd) mﬁﬁﬁt&rmmi%h%piiﬁeta%rbbecﬁﬁﬁm

. ! : . ; ioRcehHdfoBigler's
14 diameter. The pitch can be a function, of the meter's 14 maximum velocity. The pitch can be a

function of the rHEfBHEIMESH AR PRI YR HPIFRNBI M el hanil ereuR shmsatmatiperdble

more sided. Figufighl 2cohouriibeies thadnkaivessided. Wiigipaiivelieifis holes srRdiave aciieildE
cross-section, as shown in figures 4a and 4b. A filter 26, can be disposed in t,he(inipe 12 upstream from
t

the conditioner T ASHESRBS A% e HapulcansnspRAigner? D stisaicsriedovhivtdhrbalsnee

downstream of HypdieiddEienes tan TAIgoieiphhienddh comshiiianay Ak aaresaisis PIRYIRGclosing
requirements for maximum and minimum flow velocities for which the meter is designed. The

conditioner 16 AR BSARLIFAPUS MELFEAA VSRS ReEfmrdeiembest 1y e 0515 aih d@ddmiyhichve

proving runs. [0R62:1d he piesestueMeRtignpieyElNps Rkt BIUIR CRreiiPRes: 16 Il piPeskeams
shown in figureséﬁing, 2, 3A, 3B, 3C, 4A, 4B and 4C. The conditioner 16 has openings 22 and a

pitch. The cond oS PEPHIRGEALSBINNT kéh N PEiREs TS h BElGhibaneRe o Hin a6BIF Wdhe
pitch. The condiiithehitGhasgadangth which is a function of the pitch. WO
2009/078910PCT/US2008/013263 [0056]The present invention pertains to a method for determining
fluid flow in a pipe 12. The method comprises the steps of flowing fluid through a turbulence

conditioner 16 digg®ted in th&fiped 2 AaviBy Silepirgsw 2ond S the piehaballtéeitiopenitasedde IS
made a function of da{n eﬁecti\gg diameter of an ﬁ?perture 18 of an ultrasonic flowmeter 14 which

BHETRER b oF TR PY tiBuRVER AR e Wil 2aChefdnl i8ltresepls Spsiadthing

communicates
the flow with thelovetstrdain [0R5 pfEbhaibediby fthid traunglom tulthdeoneigurstivanarei@stencan a
include “honeycomb” having six sides, has been tested to demonstrate the capabilities of this

invention. Results will be described in later paragraphs. The key dimensional

requirements of this exemplary embodiment of the invention are as follows:

[0065] 1. In the configuration shown, the pitch of the honeycomb
turbulence conditioner 16—the si)acing between the centers of
the openings 22—is one-half the effective diameter of the
apertures 18 of the ultrasonic meter 14 (% inch pitch vs. % inch
aperture); although generally, the pitch should be less than the
effective diameter of the aperture 18. The aperture 18 diameter is
equal to the diameter of the transducer assembly if the bores of
the pipe 12 penetrations containing the ultrasonic transducer
assemblies are equal or nearly equal to the diameters of the
transducer assemblies. In some ultrasonic meter 14 designs, the
minor diameter of the opening 22 in the internal wall 20 of the
pipe 12 through which the ultrasonic energy passes is smaller
than the diameter of the transducer assembly. In such cases, this

minor diameter of the opening 22 is the effective diameter of the
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the step of flowing the fluid through the turbulence conditioner 16 wherein the conditioner 16 has walls
20 between the openings 22 whose thickness is made a function of the pitch. The flowing fluid through
a turbulenc@VEbANBHM A6 step can include the step of flowing the fluid thrBGEA 08/ BINENce
conditioner 16 wherein the conditioner 16 has a length which is made a function of the pitch. The

flowing fluid through a turbulence coagiiirer1 86 Sidptsamainfudaitn siepeklewingotherivig seeaugh
the turbulence conditioner 16 disposed up to 3 internal pipe 12 diameters upstream of the conditioner

16. [0058]The flowing fluid through a*RIAEn B4R itiGndrche ISR d8n"dRfdke TRETEHED b8 fidilihg the

fluid through the turbulence conditioneswéveheretn dhatitebdsdesssthary the affscibae fingsiehabthe
aperture 18. The flowing fluid through a turbulence conditioner. 16 step can include the step of flowing

I
the fluid through the turbulence condiREHEIeLE IS &5 TAfem 815l thickness between 1/4 to

1/10 of the pitch. The flowing fluid through a turbulence conditioner 16 step can include the step of
flowing the fluid through the tyrbule copditioner 16 wherein the length of the conditioner 16 is 5 to
20 times the pitl‘,@f 59]The Iowinr;;’fﬁﬁiot of & u‘\fol,ﬁjlgﬁﬁé g?n&??&ﬁ%rh@%%’éﬁr&gnlﬁwauﬂ@%e
step of flowing the fluid through the titetiemneo€ wesithnzr the viderein thhaRichanR AsyRSs-gagtion

that is two or more sided. Alternatively, the flowing fluid through.a turbujence condjtioner 16 step
includes the step of flowing the fluid Y%?’gﬁg% t&é%%ﬁléﬁ@erfgﬂmﬁo}?eﬁ % Qe tﬁ‘g HYeL RS a

circular cross-section. WO 2009/0788h0ffici¢t) $2008/GA8268gE00604 Thelflowiog fhudpispughia
turbulence conditioner 16 step can include the step of flowing the fluid through a filter 26 djsposed in
P 2R i W BroBEFTE LBt

Eher 9. 2PRa it rotigHE" End8%onfitbiveris

the pipe 12 upstream from the conditibhe
step can include the step of flowing tnditidittrotgh Bevanzte MHedisphiseddn ke pipe, 1thelpstidasn of
the flowmeter 14 and downstream of the c?é\(fiitiorgﬁéi}qé The mefasurinlg include the ste

tep C ( of
measuring the flow with the meter 1AW Medts's proSinaéereoqu?r’étﬁ?en%ﬁﬁ@?ﬁeg?l?ﬁﬁﬁrﬁéﬁlgﬁn
include the step of measuring the floenovigh thetnetémpdcwhieh maeatatikiicproyiterdtiireverititbdst/-

0.027% uncertainty in five proving runs. Slu(%(gg 1Tﬁg &E?Ss%rr]ﬁénr\rlleFetriolrllgﬁ&amsset&g m 1thog for

producing a turbulence conditioner T8 TaT Lse With an JiTaesnie owmets 12 A Tee 15 2 FhehYethod

comprises the steps of identifying arsefi8ictaletdiaretbe dianctgrestutiecinpbenpipa )2 hinnbighegdrith the

flowmeter 14 communicates with thetinter'or of the pipe 12. There is the step of determini itch

: » hi .

between holes in the conditioner 16 as a tfbonr%:et?’ocr?rgﬁthgoe }é({%]t{\?g(g}arﬁgfder. the O%Gr Hirbhfefice
conditioner 16 configurations covered in this invention are
inherently superior to the plate conditioners 16 of the previously
referenced patent, where the dimensions of the ligaments are in

the same order as the holes.

[0067] 3. The axial length of the turbulence conditioner 16 is in the range
of 5 to 20 times the pitch. This length is sufficient to eliminate
global vortices created by features of the piping upstream of the
conditioner 16, obviating the need for additional flow
conditioning. Turbulence conditioners 16 employing large
diameter tubes or plates with holes are normally provided for
turbine and ultrasonic meters 14 to eliminate global vortices.
With the proposed turbulence conditioners 16 these will not be
necessary. The 5:1 to 20:1 length to pitch ratio also provides a

configuration that is axially stiff, thereby producing a structure
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[00621There can be the step of determining a thickness of walls between the openings as a function of
the pitch. There can be the step of determining a length of the conditioner 16 as a function of the pitch.
There can bW e building the conditioner 16 having the pitch, wall tRERAERIMA Jeigth
determined in the determining steps. The building step could include fabricating the center portion 35

having the holes 22, cutting it to lengiaeagediasieder tetspst armRsianRa e ersdetarmningditor the
pitch, wall thickness and length, and attaching a flange 37 to the center_portion 35 so it can be seated

in the pipe 12. 100631The present if&RgoFHRHENQ tovAhsiph HRK foress ddielemiaied RISSHYW in a

pipe 12, comprising a turbulence-alteiigies tyb RN egr beai0R8H B G 41 HBKITIE AT sl imee
flowmeter 14, both placed in the pipe 12. The arrangement facilitates the "proving” of the ultrasonic

meter 14 in a number of prover runsCCBRFAPLH IO (ReTERIET HARSOL FRIMBIGBYLINDG BPmERNS of

competing technologies (turbine meigssdfienRAs TR FEEAGRNALHHIMILERS) 1B FbAESRIP RIGHITRRNRO!
possible with conventional arrangements of yltrasonic meters 14. Several alternative configurations for

the turbulence conditioner 16 are deSQrilsSE 9L RerEmarcles MR She RIesE S HIEaRS PPidsiR@%o an

alternative arrangement of the enclogiftshpiptegcanditiinasonie Bielerad Avoivhenam haenpdeseribrd in
the prior art, and in which a nozzle 24£%/Ipe reducer is employed upstream of the ultrasonic meter 14
Tti

but downstream of the turbulence cdftitiHEF F8'fth proving results better than previously achieved
with this arrangement. 100641Figures 1A, 1B and 2 show one of the several alternative turbulence

conditioners 16 yed by this inventjon wi chordal ultrasonic meter 14 downstream, as
prescribed by tﬂﬁsﬂmntion. Tjthe coﬁ}g%l%ﬁ&z}r%% S[%né%lgexﬁmg;}é(j}ﬂ?ﬁmr%%%%%%&%ﬁs
been tested to demonstrate the capahibties opipis ingentlameResdisviirbateserihpe indasalence

paragraphs. The key dimensional requir@ments o{éhi%[?xem lar enago imentﬁ)f the i}rlwventionkaae as
follows: [0065]1.In the configuration SHYWRCHRE pith of ke K E%YWS pater show that marke
» improvements in proving performance are achieved with this

configuration. A separation in the range of up to 3 internal pipe
12 diameters will produce satisfactory performance. Larger
separation will allow eddies to agglomerate into larger eddies and
new eddies to form, reducing the effectiveness of the acoustic
beams of the ultrasonic meter 14 in averaging the rotational
velocities of the turbulent eddies. Axial distances shorter than %
diameter can cause local velocity profile perturbations produced
or preserved by the turbulence conditioner 16 to be “seen” by the
ultrasonic meter 14, degrading its capability to integrate the axial

velocity profile numerically.

[0069] Figures 3A, 3B, 3C, 4A, 4B and 4C show alternative configurations for
turbulence conditioners 16 meeting the requirements prescribed above. For each
design, the axial length of the conditioner 16 provides stiffness which reduces axial
deflections and stresses to very small values provided the egg-crate of Figures 3A, 3B,
and 3C and the tube bundle of Figures 4A, 4B, 4C can be made to act as a plate such

that the tensile stresses on the downstream end can be transmitted from tube to tube. For
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turbulence conditioner 16-the spacing between the centers of the openings 22-is one-half the effective
diameter of the apertures 18 of the ultrasonic meter 14 (1/4 inch pitch vs. 1/4 inch aperture); although
generally, tHEQAMWERIMN be less than the effective diameter of the apertuRCTSISEARSApEIGdire 18
diameter is equal to the diameter of the transducer assembly if the bores of the pipe 12 penetrations
containing the ulieasYbiiANRIGEEERASTEMRIRS ale amialRr deatieavatdodheidiamslershilt
transducer assemblies. In some ultrasonic meter 14 designs, the minor diameter of the opening 22 in
the internal wal™%*8%the pipe 12 through which the ultrasonic energy passes is smaller than the
diameter of the transducer assembly. In such cases, this minor diameter of the opening 22 is the
effective diameter of the aperture 18. Substantial reductions in flow variations have been obtained

with the 1/4 incA49® to 1/4 ifeh apedirak dikaRERusarkber hsgingy thsSPFIaRRgidtiRSmkA bA0GHHained

if the pitch to aperture 18 ratio is srpafige thaseangshalt [0RREEA Theébicivnessces thewaha2@ntthe
honeycomb is a small fraction of the pitch (in the order of llli%g.ﬁﬁCalc,ulations show that walls 20 that

are thin relative to the pitch of the tAFBYREAERSS RiRtHECf svithitanfing dhsrhydray 9 fersesiendins -wil
provide adequate structural strengtis Wikibdstutuseaaa conditioner 16. Because the walls 20 are thin,
the eddies genergted in their lee are of extremely small diameter-small enough not to impact the net
statistics of thei@/\?ﬁelocities%s §Bf’éd”ﬁslf?fn e%ﬁ?ﬁ&ﬂ%‘r‘ﬁ’é’té}ﬂ?{% et dbe dena s sl feifsmall

relative to the diameter of the aperbiedld). dnsivissre@ard dne anaxcomees casfiguraiignangibgirther
turbulence conditioner 16 configurations covered in this invention are inherently superior to the plate
conditioners 16 of the previously re‘?’j@ﬁ’@é‘é{ &te?ﬁ?wﬁ%’%‘ﬁ]@m%@nsﬁ% % of e Rjatiifyede B the
same order as the holes. 1006713 sbir¢egixigl length of the turbulence conditioner 16 is in the range of 5
to 20 times the pitch. This length is sufficient to eliminate global vortices created by features of the
piping upstream of the conditioner 16, obviating the need for additional flow conditioning. Turbulence
conditioners 16[00%2pying lar§padiarleenitiidaboBatescdith stiffes ahe downslt¢dpmosbastdasfttibine
and ultrasonic meters 2.4 to glliminat%g!gggl vortig&s. V(\{i the proposed turbulence conditioners 16
these will not bé %8&%&5’8{1 ‘Hgn‘oe:r 110 :ig}gﬁf:] pitcn ratio also provides a configuration that is
axially stiff, thereby producing a structure that does not deflect significantly in the flow stream and that
is strong enougtbgalg\fithstand IoeNJé)rcegtrgi%llﬁlrjllat?d pressure dropsfrr)f thetlu(ribélenc conditioners 16
described hereih aré ‘compara 610 the’ pressure Brg%éng? cOnventional tue tyﬁ ow CondgtfiBRefs.
The pressure dpopsipiftabel twihuterasplednaitnerd bécaescobdae hekainayestast tisenitie R ssuhe
drops of plate type turbulence conditioners 16 such as described in the previoysly.referenced patent.
1006514 1n Figur B0 D e A BrEHREE I, R R T el A B e R e D
downstream of fHeetuBbulendmeomdiivsenaibér ata discossed iatestsisouptitieamacfethémprbuments in
proving perfor re achi i i nfiguration. A separation in the ra of up to, 3 internal
pipe 12 diamertreba.r@s%vﬁ‘fbﬁ?%%u%éi%%%%a@%?@%&f%a%gg %?g%re Ssseurgg?g 0 %ﬁfﬁﬁg\}gyeﬂ%@?g d
agglomerate inter|sitgaresdtiieswhulerse edutieisomefolm, amti thsingttiasoife tvvemets dititeciCiulstis
beams of the uligRofiE B JNavRanie SIe aalghal velarias didbs Libler addies, el
distances shorter than ‘A diameter can cause [ocal velocity protile perturbations pro uced or preserved
by the turbulenddtepAditimden W benditienethlatiogihrasoiic pretsnicd dugyradintsdls gaperaiity 40

integrate the axial velACHBI R AUIERERYnic meter 14 does not. A positive displacement meter 14
also generally has a filter 26 and though it generally has no turbulence or flow
conditioner, itself generates a pressure loss greater than that produced by the turbulence

conditioners 16 described herein.
[0074] Figures SA and 5B illustrate the principles of this invention. Transit time

ultrasonic meters measure the travel times of pulses of ultrasonic energy transiting from

a transmitting transducer to a receiving transducer. In the figures, a transmitting
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[0069]Figures 3A, 3B, 3C, 4A, 4B and 4C show alternative configurations for turbulence conditioners
16 meeting the requirements prescribed above. For each design, the axial length of the conditioner 16
provides stilNf23808/Ai8A1Peduces axial deflections and stresses to very smalWENE(%bldded the
egg-crate of Figures 3A, 3B, and 3C and the tube bundle of Figures 4A, 4B, 4C can be made to act as

a plate such thagihedieRsilstsenspaan i ke wnstisanvendLan IR SRR HoMivhg L fye. For
the tube bundle design of Figures 4A. 4B, and 4C, this is accomplished by redundant means:

100701(a) A shiHECEHERREHBY nEakiRY §5es drnsKitipibe & Yendey Fiise il wRephrig aiskansaled
tubes, produces,fiwkenatdnsaascbe tnaand phesacanah oM ihstansing-ibsuRvdiastis feigasignsing to

dislodge them, and [0071](b) Spot welds between adjacent tubes near the downstream end of the

bundle, ensurestHt fHEe6lifRRha¥E 1 hehigites R RIAPAATMAARIeH AR heiswm ahBisgvelBe can
be achieved by spldetiag:l@df 2} niiwaldewanitalsalie wsreity siffenhodRMAsRBIREOMALS Of

the egg-crate conditioner 16 of Figures 3A and 3B. [0073]Because petroleum pipelines are not free of

debris (for examplEn 2 second transmission 1s generated 1 the opposite direction (that is, from the
downstream transducer in the figure to the upstream transducer) the propagation
velocity is the difference between the velocity of ultrasound in the fluid at rest and the
fluid velocity projected onto the acoustic path. Thus, knowing the path length, the two
transit time measurements yield two equations in two unknowns: the ultrasound
velocity in the fluid at rest and the fluid velocity projected onto the acoustic path. But,
as illustrated in Figure 5A, the fluid velocity projected onto the acoustic path is
determined not only by the projection of the average axial velocity (the variable that
needs to be measured) but also the net projection from the multiple turbulent eddies that
accelerate or retard the pulse on its way. The transmission in the opposite direction is
also affected by the turbulence, but not generally by the same eddies (which may have
moved on between transmissions). For the condition illustrated in Figure 5A, therefore,
multiple measurements are needed to average out the effects of the turbulent eddies and

thereby to determine the average axial fluid velocity along the path.

[0075] When the maximum eddy diameter is made significantly smaller than the
diameter of the transducer apertures that form the acoustic paths along which the pulses
of ultrasound travel, the disturbances to the ultrasound propagation velocity produced
by the tangential velocity of an eddy tend to be canceled in each transmission. This is
illustrated in Figure 5B. Within the beam of ultrasound, the component of an eddy that
hastens the ultrasound transmission is offset by the component of the same eddy that
retards it. Eddies typically move at a velocity close to the average fluid velocity—
typically in the order of 100 inches/second. The propagation velocity of the ultrasound
is in the order of 50,000 inches/second. Thus the displacement, during a pulse transit, of
an eddy within the 0.7 inch projected axial width of a (typical) 0.5 inch ultrasonic

transmission beam is negligibly small. Thus the rule is that the turbulence conditioner
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precipitated wax or asphaltenes) and because of the relatively small openings 22 of the conditioners
16 prescribed in this invention, it is beneficial to install a basket type flow filter 26 or fine mesh strainer
five or moreVekhAee78UPstream of the turbulence conditioners 16 prescrib@§ HERINSPhEGHgregate
pressure loss generated by the filter 26 or strainer, the turbulence conditioner 16, and the ultrasonic

flowmeter 14 itseifisdassiantion ofepnreing teshpalegiesatitripr materslh alsaksnsfitaifom a

similar filter 26 and a flow conditioner having a similar pressure drop and itself generates a pressure

drop, which the DRPaEHRPATBIET Sirmséer od Ahswdstibecaks praclersentedrias: suechy dant ondyanddiess a

filter 26 and thowgbgé am&éfmdﬂﬁgﬂﬁéuﬁw@ﬁ@ﬂ&rtﬂmﬁ@as@}aﬁermiéSﬁ%%&f&arates a pressure loss
greater than that produced by the turbulence conditioners 16 described herein. [0074]Figures 5A and

5B illustrate the principles of this invention. Transit time ultrasonic meters measure the travel times of

pulses of ultraspgigenergy traisgdTass 2, ianse RS aRSEMESH 1he FarEvingelraRsaCsir fiswhe
figures, a transmitting transducer has generated a pulse that is traveling diagonally across the flow

stream in the difRIRIF SHHEG iR PircEetrahdiptimedeanatl by ssdwingdhe sl arseddyesistveen

transducers andiibie (ARASNESS MERENI9T dheratasong. theraadisns MissRNLINHGEHIsCIaN Bhown
in the figure, the prop %fation velocity is the sum of the velocity of ultrasound in the fluid at rest and the

fluid velocity préfaed SHEYTHE 2t pHUAT AR RIResdd BYaAs idesdn hensaiserabe tibwience

opposite directioanditadrier Tenaskacionviisieare tramssgGacindiiadiguled e Hpel eankadssieser)
the propagation veloﬂt% is the difference betvy%ﬂ],the velqcity of ultrasound in the fluid at rest and the

fluid velocity prE&SEd BRI LR AR N IRIRRERAFR MEtHE tetigtiusme i S tciishairms
measurements yigigkiveeregeatioas i3 wtapplremasing ulshsdundelachyiinsbadbndmiresteand the

fluid velocity pr%'_ cted ontoftiée acoustic }E{ﬁ{t-ﬁ But, as illustrated in Figure 5A, the fluid velocity
projected onto the d8B8Ste path'i éb?e? BG5S B HoRsetbrest tHadardrdguiaiens, &city
(the variable thahdieailmlolos resaplee df ippadsorihe neyrojeeiian frosatirim dipisiskbstenbegdies
that accelerate or retard thi ulse on its Wf : Tf}ﬁitransmissioni the %J osite direction is also
affected by the m%b%he‘ﬁgg,ﬁo%ten%%%:ﬁee% f\%ﬂyt > WS B Gle %vﬂ*ﬁ% ﬁ‘?ﬁy‘ﬂa@esﬁ?d‘%}éﬁ BRbddveen
transmissions). withdbhethemaibolenidestoaidicd ondrigeye S5A, therefore, multiple measurements are
needed to average out the effects of the turbulent eddies and thereby to determine the average axial
fluid velocity along the path. 100751When the maximum eddy diameter is made significantly smaller
than the diamet@®0877ihe transtucecdypsitarés thatsiaratdedectutidic paths @owgsaislesheapsiises of
ultrasound travclel (t)hcls ngli§,tl\J/rtéanlgéag,1 Itlo thgrfé)lggso%ndrgreo ao%ation velocit rodu(ﬁclad bey the tangenptial
velocity of an eddy taRB 0 Be RANCaR S amange: n Lhe RIGN 8, RETIQIMERSTd i PR ACBEYSRIMRIN the
beam of ultrasoumdlitire@ohtpene mhedsaned dgy chamhaste tscthampiraf meer tidnfrissidn isaffsEtby
the component of the same ed at refardsdt. Eddies typically mave at.a velgcit %ose to the
average fluid v@f)oc‘ffyr/l-%y%%l?f}ciytﬁngno? er %fssi(gm r%dgﬁgss%%rgo%%ﬁ%eo %%é%%g%%loﬁyfve %ct:ftvf 0 R}a(teh
ultrasound is inttieteosdek; of 50000 erehe$lsecmtes Tiliw ithetdisplafernanrainpy al pumlse-transii] of an
eddy within the Q.7 i jected-axial yidih, of a (typical inch ultrasonic.transmission beam is
negligibly small&rﬁﬂﬁsgﬁg eltgst at%%wtgigg e&né’a}{gg%%%ti%#er? ?{etgé‘r?tgr?égfaﬁ%ﬂ&%‘ t?%sp% g%ﬁeer of
only those eddieslwhicioa?d dignifisanty smplitorcthdrd thessaperhuat SO eret aAdGshauklsopeakhopr

arger eddies syetiaal enly Rsice WhRRRALATRC RSN VISRRY P BLANA0 MG APAEN %R
produced. 10076]%5 noteEdJ'above, in the plre entglnvéntion, tﬁ@ranim cﬁe%ztlﬂc:ng%fﬁg\?vw rate of
3400 barrels per hour was employed. Proving volumes in the 10 to 20 barrel range are

typical for the two flow rates.

[0078] Proving data collected during the tests with the turbulence conditioner 16
of Figure 1 are presented in Figure 7. The abscissa of Figure 7 is the statistical
characterization of the flow variability developed in a preceding section: 2 X Gpean,

twice the quotient of the standard deviation of the individual flow samples measured
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samples of the ultrasonic meter 14 are made small by reducing the turbulent eddy sizes such that they
are effectively averaged within the acoustic beams of the meter 14. The data of Figure 6 show the
reduction pry@RYIHBHA /4 inch honeycomb turbulence conditioner 16, asRABWPRMIGXES 1, in a 6
inch duplex ultrasonic meter 14 (the duplex meter 14 consists of two essentially independent meters

14 of four pathsdegielp) afteing dranseke ehapQitieas d SoTRORINBBRITY MR IR dR@eRrifoWihbe
seen that, over a 9:1 range of flows, the turbulence conditioner 16 produces standard deviations for

individual flow SAHPIES SPIBHsS fRtb Presichal i wrasems mden idistle p6, @heah WotR) be

expected from theisageumeien dfithpenali ThdbasiEalt Piped 2 withe ut thesk rmlensauco peivaner
16). 10077]The reduction in the standard deviation in the flow samples translates into improved
proving performafice’ ef}%’(ﬁ'ﬂé %l@&rﬂ?é%é%%fﬁlmgh%ﬁ@% PRERAtIAAR e dastsofed by

examining the rprgengf medes debfagiaistihseja0ts Proying runs each. Ten sets of 5 run trials were
carried out for each of the two 4 path meters 14, at two different flow rates and with two different

proving volumes-a total of thirty 5 run sets for each of the two meters 14. For twenty of these run sets
a prover volumgon78) barrelsThas asndolae, i saisigashtat SeREando 700 parfeimpRsdIod” two

respectively. For the remaining run rover volume of 10 harrels with a flow.rate of 3400 barrels per
hour was empIo%%’bsqﬁgaﬁﬁﬁl%%?ﬂrﬂiﬁ“l%q}’?@‘%e&}%t%?rﬂélaiﬁgeza?é%?@ilﬁﬁm‘%‘étmwwsrél?&.
10078]Proving dataddilectednduiingrhefidbtawide the. 0sshwendecondiiesiap heahEiguie 1 aie0.
presented in Figyre 7, The abscissa of Figure 7 is the statistical ¢ terization of the flow variahility
HE dad Fi f RS b ?

developed in a precggflﬁgtsec%flc?ﬁ 025 meEan  ThiLR B QotiEh Bt el G\RRROM St EhE ©
individual flow shmplesimeastied0dFing alerodidg sfobaihthe suateuledfithinaumhanef samples

Hay and the duiBR o) T AR s R R A A T AR A ™
linear trend of tivéitata shows. that M36%y erag e ff dhgepod thegdatas fsbioud st ofat hiio kg ptedsrided

ﬁ[?[\rl)vrgmmately qﬂb@/otc% a%%exg-dg@/?g #9%78@"“3 trend line can be used to project proving performance.

[0080] Figure 8 shows the percentage of 5 run prove sets that were actually
successful—that met the requirement of 0.05% range for 5 proves. As projected above,
the figure shows that, when 2 X Gyean is 0.025% or less, 100% of the 5 run sets were
successful. When 2 X Gpean is in the 0.045% range, about 50% to 70% of the 5 run sets
are successful. These latter results are also roughly in accordance with statistical

predictions.

[0081] The performance of Figures 7 and 8 is markedly better than would be
obtained with the same chordal flowmeter 14 without the turbulence conditioner 16.
Without the conditioner 16, 2 Gmean Would be in the 0.06% range, at best, for the 20
barrel proves, implying a success rate of less than 50%, which is also in agreement with

experience.
[0082] As has been previously noted, reducing nozzles 24, such as described in

the patent previously referenced (U.S. Patent 6,647,806, incorporated in its entirety by

reference herein), can be applied with the turbulence conditioners 16 described herein to
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standard deviations of the measurements are 0.025%, a normal distribution shows that the odds that
one run will fall outside a 0.05% band encompassing the mean are 1 in 20. The odds that any one of
the remainiYyaaU9¥ard Will fall outside the opposite end of the band are 1 iIRGOUPHIYS/M&26Hds of
obtaining two results differing by more than 0.05% are: (1/20) x (1/40) + (1/20) x (1/40) + (1/20) x

(1/40) + (1/20) »ehbitR: PR PathoZmameagin GL8RY0. e Uliveonre\inaibe nsusaRul Al vithin
the prescribed O.OS?Iange 99.5% of the time. [0080]Figure 8 shows the percentage of 5 run prove

sets that were 2SIAINPOGEHR RASHE st TSRS NN R DL BoBECsSRGEd PSSR oM Rijdcted

above, the figureghelwg @izhen 2@th an ultrasonic meter 14 downstreamX oM BRN A8 2:25%0 Aess,
100% of the 5 run sets were _successful. When 2 x anican is in the 0.045% range, about 50% to 70%

of the 5 run setSXPaiRgLSierrawnsisam okt mrieriLd Fetigms el Ry FeamdeREith stiarsgten

predictions. [0084 Fhivérpel fissnancenef fiigunaszZiand Sdsmarkadh, Bestalthsshonishomeltained with
the same chordial flowmete ithé)utt e turbulen%% conditioner 16. Without the conditioner 16, 2

14 ]
ci,,a" would be fﬁcﬁli%dd%%erﬁ?f BAOERE Lredt e D6 BRrEicordved MisihINEEasetidBEsTRa: Hitidss
than 50%, whickétoalsp seeadrgeimeantwithexpaiteretpritdB AP dbsheaibrQUasElyTHeiBgreslising
nozzles 24, such as described in,the patent previously referenced (U.S. Patent 6,647,806,
incorporated in Ifs'ehHFRYHY ?ﬁé‘reeﬁé)éz‘tlueeryé{? ﬁﬁ‘f%%r&‘gglgﬁﬁl?éé\)\ﬂ%uﬁférmlﬂﬂ?’?cézc‘éﬁmﬁf%erg%
described hereiretinctiohanaarbrdving periesrabnaechstitifsyhdiilEigereotAbows i edieomadi@erage
turbulence conditioner 16 meeting the dimensional parameters prescribed herejn upstream of
reducing nozzlgf@ﬂ?v}/’l toglnym#ac&enslcn {e%ﬂgcagkﬁﬁgﬁsl‘%\ﬁ%%fgﬂgeﬁgﬂI@%ﬂ?lﬂﬁse&ég}?dﬁ‘ﬂ%&%ﬂger
downstream of thigigwetEhid ttestores] éheeupstr @arepipgel af diasngie rfatidhiniioaltiossrdauidel flpesrozzle
24 configuration, the ultrasonic flow meter. 14 is located.jn the cylingrical throat of the nozz]e 24, which
increases the n?éaavr? Gid ?/%ﬁggltfy(?s\%eenae@%eor%é%?l’f %{% h%é’ 1%%%%e§glr Phe ﬁét&ﬁ id grg&ﬁ The
beta ratio is the starateedtdsvilgamaf ;@i ihralafl ova metsnsndihie by atreana figend 2 tiiameiemigia

reduction in turulence comes a gause, while the nozzle 24 increases the average fluid velocity,
it does not signti?ﬁ%aeﬁ VA (g;“t %e?;fr@é?f%am%cr %Wtﬂ%aﬂﬂ%ﬁ%@ Laanastrean ohdhg ItLifaS Gs a
percentage of aygagRAeid Belaciipireagueethel gsiehave tememat ket theabilih M esdasoad

having a beta ratio of Q.67 tg reduce the standard deviation of individual flow measurements by about

a factor of two, 85 MM BEE R Terkeda /6 A 2rte: The arngemataveydibabe dhaisFeam of

the turbulence cridliborEElEDT upstssaRneiibadQometeicktwaichreddsaibel stangridigviations
of the flow of Figure 6 from 0.5% to 0.25%. The arrangement would halve the (2 mean) data of Figures

7 and 8, leading t0"%0% success even with the 10 barrel proving volume.

[0083] It should be noted that the pitch does not have to be fixed. Figure 9
shows larger holes in some part of the cross section of the conditioner 16. Figures 10

and 11 show the openings 22 are not of equal dimensions, but vary.

[0084] Although the invention has been described in detail in the foregoing
embodiments for the purpose of illustration, it is to be understood that such detail is
solely for that purpose and that variations can be made therein by those skilled in the art
without departing from the spirit and scope of the invention except as it may be

described by the following claims.
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[0083]It should be noted that the pitch does not have to be fixed. Figure 9 shows larger holes in some part
of the cross section of the conditioner 16. Figures 10 and 11 show the openings 22 are not of equal
dimensions, but vary. [0084]Although the invention has been described in detail in the foregoing
embodiments for the purpose of illustration, it is to be understood that such detail is solely for that
purpose andthai vag@ions/ean Ige made therein by those skilled in the art without departing from the
spirit and scope of the invention except as it may be described by the following claims. WHAT IS

CLAIMED I§; 1. A, sgpacatys.for determining fd down a.pipe having-onenings comprising: an
ultrasonic flow meter which communicates wi € Interior e pipethrougirat least one pair of
apertures, each of which is disposed in a respective opening in the pipe, where each aperture of the one

pair of apertures ha amtefsents/Bowanesee rvhint comaunibateswéledriititariar ditgwseigdn the pipe, the

conditioner hﬂV@u@t@ﬁq@H%%rY&%ﬁ? dhgp@itﬁhé@,?wéeﬂf Wﬂ@%@%ﬁé@@cﬂ'iﬂ%rb%ﬂﬁéﬁd@@ﬁeﬁﬁiﬁ@ﬁedwe
diameter of the a%)e.rture. 2. An %%E)aratus a}s described in Claim 1 wherein the conditioner has walls
|

between the'BBERMEE WHEKLATRZREEVIE & f‘iﬂ‘r‘?c‘%iberPSfrtheﬁBREW.r%.hREae'[b% Fais H8ES ibed in Claim 2

wherein the go#ditioner has a length which is a function of the pitch.

a turbulence conditioner disposed in the pipe, the conditioner having openings
where the pitch between conditioner openings is less than the effective diameter of the

aperture.

2. An apparatus as described in Claim 1 wherein the conditioner has walls between

the openings whose thickness is a function of the pitch.

3. An apparatus as described in Claim 2 wherein the conditioner has a length which
is a function of the pitch.

4, An apparatus as described in Claim 3 wherein the meter is disposed up to 3

internal pipe diameters downstream of the conditioner.

5. An apparatus as described in Claim 4 wherein the pitch is less than the effective

diameter of the aperture.

6. An apparatus as described in Claim 5 wherein the walls have a thickness between
1/4 to 1/10 of the pitch.

7. An apparatus as described in Claim 6 wherein the length is 5 to 20 times the pitch.

8. An apparatus as described in Claim 7 wherein the holes have a cross- section that
is two or more sided.

9. An apparatus as described in Claim 7 wherein the holes have a circular cross-

section.

22



4. An apparatus as described in Claim 3 wherein the meter is disposed up to 3 internal pipe diameters
downstream of the conditioner. 5. An apparatus as described in Claim 4 wherein the pitch is less than the
effective diameter of the aperture. 6. An apparatus as described in Claim 5 wherein the walls have a
thickness between 1/4 to 1/10 of the pitch. 7. An apparatus as described in Claim 6 wherein the length is

5 to 20 timeghe pithappafi3RRIIIIFHRE HESRIREDiRtIGANY o MBetRipdbaihinie® paye a cross- section

that is two o[jrr%e[rea%q?gm %eAgr%)l%r%trus as described in Claim 7 wherein the holes have a circular
cross-section” > 10. AN appara?us as described in Claim 7 including a filter disposed in the pipe upstream

from the conditioner. 11. An apparatus as described in Claim 10 including a nozzle disposed in the pipe
upstream of the flodmaeRaraks addasstieesrpEtrECEhieuaitg anozie dipestindbedeigeribed in Claim

11 wherein thgspitehisfarit nelipmeking iesars tRarbenav@lagitiendd. A method for determining fluid
flow in a pipe having openings comprising the steps of:

12. An apparatus as described in Claim 11 wherein the pitch is a function of the

meter's maximum velocity.

13. A method for determining fluid flow in a pipe having openings comprising the

steps of:

flowing fluid through a turbulence conditioner disposed in the pipe, the
conditioner having openings where the pitch between openings, is less than an effective
diameter of an aperture of an ultrasonic flowmeter which communicates with the

interior of the pipe through the aperture disposed in an opening in the pipe; and
measuring the flow with the meter.

14. A method as described in Claim 13 wherein the flowing fluid through a
turbulence conditioner step includes the step of flowing the fluid through the turbulence
conditioner wherein the conditioner has walls between the openings whose thickness is

made a function of the pitch.

15. A method as described in Claim 14 wherein the flowing fluid through a
turbulence conditioner step includes the step of flowing the fluid through the turbulence

conditioner wherein the conditioner has a length which is made a function of the pitch.

16. A method as described in Claim 15 wherein the flowing fluid through a turbulence
conditioner step includes the step of flowing the fluid through the turbulence conditioner

disposed up to 3 internal pipe diameters upstream of the conditioner.

17. A method as described in Claim 16 wherein the flowing fluid through a
turbulence conditioner step includes the step of flowing the fluid through the turbulence

conditioner wherein the pitch is less than the effective diameter of the aperture.
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flowing fluid through a turbulence conditioner disposed in the pipe, the conditioner having openings where
the pitch between openings, is less than an effective diameter of an aperture of an ultrasonic flowmeter
which communicates with the interior of the pipe through the aperture disposed in an opening in the pipe;
and measuring the flow with the meter. 14. A method as described in Claim 13 wherein the flowing fluid

through a tutigulence petihiticRerstepdachidesHhe sinprenlivwingniirg fluid through dherirertence

conditioner wher, Ln the condition %' aII etwee the o n|n 0 eth| kneSS| adeafunction
of the pitch. Cfgd ‘e hsge InCPeoé%cSrl Sra nrFleﬁéjllr(lﬁ)t Ofl?%\%ge Epézﬁg qt?elrence

conditioner M@prmﬁlﬁ@Re\gQHéfﬁé@)mFdWﬁ’@ mmmmwwgﬁw ﬂ]?d@ltéhce condltloner wherein the

conditioner has a length which is made a function of the pitch. 16. A method as described in Claim 15

V\r/]hereirr]\ tkf]le ﬂ@wing&'ﬂ&ﬁh{g&@&e&ﬁﬁ@@hﬂ@@.ﬁomu}ﬁa@ﬂﬂe imwg?ﬂdnﬂﬁisegthf aﬂowifn% the f |lé|id
through the ence conditioner dis int m eam of the conditioner.
17. A methoh%% ens&%)@ '%08?&?59 gr\ﬁHéiFél eﬂ?o?/vl E]%? ﬁﬂg&ﬁa %é%%h&‘ foner step
includes the Gstegivdriervihgreie theidetigibugh thé@lﬂlmﬂemﬁam‘mhdltloner wherein the pitch is less than the
effective diameter of the aperture. 18. A method as described in Claim 17 wherein the flowing fluid

through a tusgyllence cefiditioRelestepdashensthe sifereid l@wwn% i) E'I%HSH he turbulence
conditioner whegem the walls have a thickness between 1/4 to 1/10 of tﬁ%f{)mh 19. A method as

described in"EiBHEAE GANGEIANHS HRMF G668 R R dn &g WQrtEFeerEIEH%ES the step of
flowing the fraddtironayiwite¢ur iokernen icge dititeaonditiaiarthavkea gthsis ®eod0thia ésttequitch. 20. A
method as dgggrkggdn Claim 19 wherein the flowing fluid through a turbulence conditioner step includes
the step of flowing the fluid through the turbulence conditioner wherein the openings of the conditioner
have a cross-section that is two or more sided. 21. A method as described in Claim 19 wherein the

flowing fluid through I'aiR9dI8REesEHRBiBhelP i PiMtIBredR theTlauh e A REPHA fuid through the
turbulence canditienes svheitontnatep@mihgkofbste ntlftmwier hay € @ ¢ tlawiagctbs susbateone

conditioner wherein the openings of the conditioner have a circular cross-section.

22. A method as described in Claim 19 wherein the flowing fluid through a
turbulence conditioner step includes the step of flowing the fluid through a filter

disposed in the pipe upstream from the conditioner.

23. A method as described in Claim 19 wherein the flowing fluid through a
turbulence conditioner step includes the step of flowing the fluid through a nozzle

disposed in the pipe upstream of the flowmeter and downstream of the conditioner.

24, A method as described in Claim 19 wherein the measuring step includes the step

of measuring the flow with the meter which meets a proving requirement.

25. A method for producing a turbulence conditioner for use with an ultrasonic flow

meter in a pipe comprising the steps of:

identifying an effective diameter of an aperture to be disposed in an opening in

the pipe through which the flowmeter communicates with the interior of the pipe; and

building a conditioner with a pitch between openings in the conditioner which is

less than the effective diameter.
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22. A method as described in Claim 19 wherein the flowing fluid through a turbulence conditioner step
includes the step of flowing the fluid through a filter disposed in the pipe upstream from the conditioner.
23. A method as described in Claim 19 wherein the flowing fluid through a turbulence conditioner step
includes the step of flowing the fluid through a nozzle disposed in the pipe upstream of the flowmeter and
downstreamzg the sonelitiones. d@&rmmaﬁmauﬁﬁz@&ﬁﬁ@h@dtm@lﬂimﬂgeswbemmdb@tﬁmwdﬂg step
includes the ste@ of meﬁstg\ﬂgg? H‘I(g%v evgg% ép\ﬁe%e er glv?rgﬁlr}] mefﬁ 24K CBrc?/{n(g1 qwrgg;gnt 25. A method
for producing a tur HiuiEnce Conditionsr 167 USe with an UIEraso low meter in'a pipe comprising the steps
of: identifyiyian dftbetitcliameter of an aperture to be disposed in an opening in the pipe through
which the flowmeter communicates with the interior of the pipe; and building a conditioner with a pitch

between Opeﬁings iR iheeenelieseinbimdnlassdhandhimalie BiNritigeietanciREcmraiRpdas described
in Claim 25 reln th | (_Hgal ?ﬁ EP mcluc}) the s of bUIldI walls Igc?vmég Eﬂgckness between the
openings of (51:9(%‘ R 3%?15& o%e{ﬁ %‘PF“E“?S rﬂlﬁﬁ% éé e8¢ 58 fh°Claim 26
wherein the buitding stépeiptkides the step of building walls having a thickness between the openings of
the conditioner that are a function of the pitch.
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