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accuracy in many f (& ' .
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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.



On a small scale, such a transfer takes place at the
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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



[0006] Unlike turbine and positive displacenent flow
nmeters, a transit tine ultrasonic flow neter does not
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[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



measurenents of transit tinme ultrasonic neters will be
affected by the small scale random (i.e., turbul ent)

wa 2000at§9oms in | ocal fluid velocity. These varPEL/Us2088/013263
are both tenmporal and spatial, and an ultrasonic
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vi00dadki ty conditions. [0012YIFFoV/NRISt ody transfer,
flow neters are designed to produce pul ses per unit
vol une of fluid that passes through them (for exanple,
18fH4pul sesahagrel ). The neter factor MF is given by:
013] MF = V/ NP [0014] Here [0015] V is the vol une of
t {9181 andar d- t he o ther valeineedthe Istantawd—pths ifirovar—between the two

swi tches enbedded in its.walls. .a.provin un i s . .
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meter during the p€ en e up
switch i s actuat edwhnkirean Switcland ends when t he
downstream switch is actuated (time T2). [0017]

Utrasonic neters determine a flowrate Qin volume
URjou ) PEr SecondNp 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
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W@ewenzer pul ses by nmeans of a frequency conveP@EDS1008013263

produces pul ses at a rate k exactly proporti onal to
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factor for a 95% confidence level is given by: [0020]
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eviatio nean o
sanpl es col | ect ed dsamplgs tdllected aveng tire oea g Minean(N).
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of N representative flow sanples taken during a

p 6U22NY T UN Orie R BYViafi@HP8BIheSHBAH) H}Qanm)%fw rébtentative flow
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[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
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nore fine mesh screens in cascade to the production of

eWas sissiratadeps) hegtain a el shambgrodevesisprgyof 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.
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I NVENTI ON [ 0031] The present invention pertains to an
apparatus for determning fluid flow

[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



in a pipe. The apparatus conprises an ultrasonic
fl owreter which communicates with the interior of the
w@epe/ntdmough at | east one pair of apertures, RBEDS2008/013263
each aperture of theone pair of apertures has an
ect.i v rises a

apparatus c
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0 P& fidifer WEPbSedt IRGh pipehab RigWRRRInGH %‘efkgt%e bftcRbetween openings is a
function of the effective diameter of the apertures.
[ 6osgpn vhthepitesve diametantof ghe qpertuzgins to a turbul ence
condi tioner for a pipe. The conditioner has openings
and a pitch. The conditioner has walls between the
OpEO32Ngs Whase proscpkieeition pRrthindabi Dfurblileh&te cPidiGbner for a pipe.
The condjtioner has a length which is a function of
t hBe giopeiionenhasoprBghred eh Pitelhy Eh icondipienerahass wadls dbetween the

[
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twnb&meM@eobmnpuuMoner dlsposed in the plpe haV|ng
openi ngs where the pitch between openings is nade a
function of an effective dianeter of an aperture of an
ufdo3aponi ¢ finQ\WERER! invBhifdh SRR %%@tﬁo&“f&hdét%mmg fluid flow in
interior of the pipe through the aperture. There
theplsc epTbe rnetéigdrq:mgprushe the osiepsi oh fidvengeflad. th[r@n'gM]a turbulence

resent iny ertains to a
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Uhiaﬂa&‘aoﬂjn@tl&h QW eﬁlieéﬁéctllve dlabRee of BReagBRiufOdf GRANMIrb§A%c flowmeter
the steps of identif an effective dianeter of an
awéquhwpelmwwes with q lﬁl siog Rt theindpe theeughl thoaparawre. There is the step
[ ior of the pipe. There is
ggg%g%ﬁgﬁﬁ H%%S%¢ﬂ?ﬁéméséltch bet ween holes in the
condltloner as a function of the effective dianeter.

[ The esent jnvention pertains to an apparatu
B3 or i DR @FIenl VERGIR PRI {DE MEBAAPSPguaRE 2 turbulence
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turbul ence-al tering turbul ence conditi oner, nh
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he PR OBP s B i or 240 Eherd bR Msertep of determining
d@bﬁélﬂbdﬁ%eﬂl Roles fretle lcuditiBheras RIfAN@Ton(GF INOEAHEBRVE ldfameter.
standard), a capability not

[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.



ot herw se achi evabl e. Several turbul ence conditioner
configurations that will produce the necessary
w@bkdoenzoion to the turbul ence are descri bed. APGEUSUAS8/013263

arrangenent of the apparatus is also described. It
draws on a configuration enploying a reduci ng nozzle
downst ream of t t oner but stream
of the neter. E&EW%MF 0036]

ure TAis a honeyconb conditi oner vi evved from

3pbam wi Fhgure ahs discerhoapomby égmbflomrov@wednﬁ@@r upstream with
S 0} qux & |
sﬂg et AR 3 R R ok Bhafo ML iG Tk
chordal meter is not shown but couples to | owner
flan [0038] Figure 2 is a perspective draw n % of

ﬁb neycombeurel ﬁgisesﬁé%o‘taé |’Y Sl PS Fh?r hepeygorgl conditioner (the chordal
an%&%é R&%hbfvﬁ%ﬂ mgléshotl ul trasoni c meter
downstream [0039 f I gure A |s & perspectlve drawi ng
of an "egg-crate" turbul ence condltloner al so as

p i bed herein, with the chor ultr ic neter
mgi ream [[8B%07 i GuPSSBESUIVE f?%egu Bﬁat thgwyg?mb turbulence

t Béhdi®air GlsBta8 prdsbibed R168, wARtd dHOREI ultféggﬂl%]mé%élgdﬁvﬁlstream
3Cis a side sectlonal view of the "egg-crate"

turbul ence condi ti oner [0042] Figure 4A is a

p ctive draw m.ni -tube" .turbul enge "

C@LO?IBFI oner F o %g bsr é‘s & FrsB%CéwﬁeE@iwﬁr}gV\? Aa ¥&&aTaieh g turbulence
neariddi torien d1s6 e pekatrib@t 1esreit OWMB tHeahdy da2 Dra6nie Ra&dddiehstream.
nozzl e downstream of the neter, to maintain upstream

and downstream pi pe di aneter). [0043] Figure 4B is a

igf;(])gll) nal 'F?%Mé% E]@E semoﬂhf\t Q\Q%f et %glc?ﬁg’eturbul[:nci/ei Cé)vlelditioner.

|oner I gure 4CTS asi sectiona
of the "egg-crate” turbul ence conditioner.[0045]

Fi is_a sketch showi,ng turbuyl ent eddies

tﬂ%gilﬁectl ng 181 u#ér’ésﬁn?lée b%@%‘?naéj ayleWi Chollie acse-crate” turbulence
tégm(g{@ge conditioner and (b) with the turbul ence

condi tioners of this invention.

'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.



[0046] Figure 6 is a plot of experinmental results
obtai ned with the honeyconb turbul ence conditioner and
WO b@osoer as descri bed herein, show ng the naRgi/Us068/013263
of the flow variations, as neasured by one standard
ion of..the flom13 functjon of fl.ow :
81 The MU aoa pBERiEing BrPwat Glitinfesectiag ap uirasonic
bBedﬂi)t(a? Redhod 4 hﬁﬁhlehb@c&ﬂtﬁ@éﬂe@ R6E (E)Oﬂﬁhtth@Hﬁ!’)ulblﬁceaéo?ﬂltloners of
shown 0047] Figure 7 is a plot of experinental
r Biginventidhowi ng t he average range of a set of five
nmeter factor neasurenents obtained with the honeyconb
turbul ence conditioner and ultrasonic flowreter as
dedo| bed heigire 6 8% glof oh eipdﬁiﬂn@ftaltrb@h@aib@dihéﬂ @6th the honeycomb
sta ard devjation of the nean flow during a proving

F’Eﬁe whdiiongt i flovactey s é%ﬁcnla? harging shopyipg theqmagnitude of the
pﬂsaeo&qa%%% Nk Mb%sméscgr BHE Madald ﬁé«ﬁimﬁi Belifie §10w sBmples, as a
bar chart of experinmentd results show n
pﬁmcanm afdlof ratec dbs shagnitnde Sof o»farlﬁtlmsothan gvaulth sypdeadly, be obtained
S 'ﬁH i‘&& of th caIcuI st andard devi ati on of
tﬁ% AREAC FYTBNCRS FHNG HARET 15 “funs. [0049] Figure 9
is a cross-section of a conditioner with different
si zed holes. [0050] Figures 10 and 11 show a
cH¥d47t i oner Figves & is Apldi @rfesp@:men’thre@ﬂtsmwmg the average range of a
o RS el bl L o o BB PSR BB Shofto wroutence

DESfdRlidhEr @il [RASS)ic %fwellid’tbm dt@&ilﬂieﬁ Hehsﬁ‘n HsaWuR&son of the calculated
wherein |ike reference nunerals refer to simlar or

i efandard dpvigaen of thermeyhBaw durweserRieymg WnelRs prewing yelumes typical
SO o Palot phich] SRR feabBemenis 30 5B 3G 44 4B

and 4C there ereds own an exenplary
apparatus10 for determning fluid flowin a pipe 12

T paratus 10_co ses an ultraso | ownet er

AR C oo Tt B3 APk Rk sHPH MaRabfesplie Shivpae e percentage of
t firceenahul dkts lo€3roARE rdd dachf asBPRLEHELST the calwﬁfe% sBfdlrd deviation
aperture 18 of the one pair of apertures 18 has an

edf themapn fipmadunng the Pheviagpmsat us 10 conprises a

turbul ence conditioner 16 disposed in

[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



t he pi pe 12 havi ng openings 22 where the pitch between
openings 22 is a function of the effective dianeter of

w0 b@oapsona ure 18. [0053] The conditioner 16 haBCIEE1088/013263
20 between the openings 22 whose thickness can be a

f ti of. the h. . The.co oner s a length .
DG srPinn B et i PR pyThEAPParAS, Dy emAEoR g ultrasonic
bfoWh R SIA0WRRh tc@mIninié REsN@th BAPBitekr @T%@%@EQZ through at least one
downstream of the conditioner 16. The pitch can

| BYE of eaartunge 18 Mdere vechdiparered 8 off thaeongppait of epqralres 18 has an

T e A PR e st

piheglipe ThRavyihg 6pertngs navaerfe RCHitcdbeledn$peRBig8 225s 4 function of the
di aneter. The pitch can be a function of the neter's

1gfWﬁ%ﬁﬁﬁﬁﬂﬂ@“&ﬁh@??ﬂﬁﬁelﬁltch can be a function of

the neter's 14 sanpling rate. [0054] The hol es can

have a cross-section that is two or nore sided. Figure
1[1)O§Bbws holThs tdmliticaee tomhasivdath. 2AI bamaﬁithel @fpenﬁx’@ 22 whose

s can ci rcul ar cro sect as .shown
f %g‘jﬁn@ q’&r?dﬁ%tww? t}hF PUFD 28he Son %Oftﬁrééé’é‘%a I5heth hich can be a
PRRBtid oF BRI FiRAM FHOMbN €4 CANFE WiPBEI ﬁl;ﬁto ﬁlrﬁ%ﬁi $ip€42 diameters
can be disposed in the pipe 12 upstream of

f lovmstream afathe gdnditiomert 16e abheopitahheandweridsst nhom ehre dffectivhdiameter of

ter. 14 e _canditioner satj sf
b eRiealE THEwRHREhisaR 2Rt AfviERTeS Brired dPh aid 8o of the piten
f Dhe Whigtcdnl e STed 20 tihfes digspieihe Fhe piteh eANBE hifei@onld the meter's 14
and the neter 14 can satisfy a provi ng requi rement of

#wnctqysze pHele eambe e \fungtion] afthg msistisgl 4 magimymoshbicity. The pitch
d]&! fﬁﬁ@ﬁoﬁgf’@@%&é} PEr Ja%ﬂ%gtr&ea t ur bul ence
con t ip

I oner or a S shown in figures IA,
IB, 2, 3A, 3B, 3C, 4A 4B and 4C. The conditioner 16

h in nd a _pitch. The conditioner 16 has
i bgts%gﬁ e ffan 86%‘?1? ﬁﬁssﬁ%t\ﬂ‘?&g? if fyve ok dagrejsided. Figure 12
f 4HGs! RAle®khdt e RivbChided NA 1AV L] @l?er h&l@s has l?avleea{‘gfr&lar Cross-

which is a function of the pitch.[0056] The present
| ménn,u msfpem ai fhigutes 4 st Hlod Adﬂtedét6e¢am be dg;pbsadn nh the pipe 12

lllpcs I’eﬁlél ﬁ?rﬁ tlgcecq{%btb%%? té?rg%lzfé:%p %Sdlgp%%e t 5 e plpe 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.

11



conditioner 16 disposed in the pipe 12 having openi ngs
22 where the pitch between openings 22, is nade a

wo covenisom of an effective dianmeter of an apertRPCEUIB0O®O13263
an u1trasonic fl owreter 14 which comuni cates with the

[ | or he 12 through the a re,18. .The
| DL 5. op ToF SRRl Ry P\a FRPR oA Eminine fuid flow in
[ QQfigd 12heThé Giethad fdokiprlistd FHRUGBpS of YIRHhETRAd through a turbulence
condi tioner 16 step can include the step of flow ng

t penditienay lbhdispepedtinethe l]’lﬂ}lﬁ,lll%ﬁ’@ém@cﬂmnmg@ ?@r where the pitch between

\A’ggénﬂ%é& 5% 1s\?ﬁxﬁgétl g 10%60th§§ eﬁ%%flve g rweten tap{slﬁlére 18 of an

ness 1s na i On2df

pulteonid Hywrheret Dy vf'}ht‘h dormhfuaitgtes avitiu EHéulhwﬂﬁﬁi of the pipe 12 through
condi tioner 16 step can include the step of rovmn%1

t Hie apeiig 18y rw@mth% step ohmeasEwedhe He i vwide the mgeter

mhereln t he conditi oner 16 has a | ength which is nade
a function of the pitch. The flowing fluid through a
t (00501 ence dbedidwiapdtuid éhretigp adearbuienct aoeditibigersttestepican include

flowing t fluid, th gh the turbu] ence condi.tioner
1815 F‘gﬁ %fgglombn% dha i ciheon pHise turulgneg eprditioner 16 wherein the

UpSHdi€aBr Ofc hhe veARMDd 'b‘éﬂﬁéenlﬁre o9 INvHds@Vhtness is made a
fluid through a turbul ence conditioner 16 step can

i fgictide of ftlee Bltt@p dhe fllogung uidtareughi a:ltltrhlulou@hcqrtdaloner 16 step can

025 SRR, AT BEHE ol BBl h kiR wherin e

f benditighet 1161 iths tahreag@hwhichus bndde rmﬁln@@&d bt teNgitchl 6TRE BBwing fluid
can include the step of flowing the fluid through the

%%ﬂbeﬁcféﬂ&lmﬁtq%ﬁéronfs 1@hgemcan tipdude thes step %ggwalg the fluid
fFH&%l ﬁ%l trby & g:()lﬂdl&(?ne}/ %68d% o&elae OIP é&%‘hmtgltﬁ?ii é)l%et é% diameters

roug a turbulence c It oner
capstreamlofdbe cdmhmIe:m 16f flowing the fluid through the
turbul ence conditioner 16 wherein the I ength of the
conditioner 16 is 5 to 20 tinmes the pitch. [0059] The

floossng 1 uirde trfyvailg ad iHbRE §RESuRRARL LA BN ker G §t51? Ran include
can include the step of flowng the fluid through t

t thetrtgreplcBowimgdhe iflond thragshvihe rt'etlbnlenh@c(mﬂlte@leh ao eNl&rem the pitch is
A[ ?:fﬂﬁ@:’l e?he ét?\%t dﬁnbe (g %P Fl} A el'{lﬁ‘I? The flowing fluid through a
turbulence condltloner 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.

12



a turbul ence conditioner 16 step includes the step of

flowng the fluid through the turbul ence conditioner
wagonkesoed n t he hol es have a circul ar PCT/US2008/013263

cross-section.[0060] The flowng fluid through a

turbul ence conditioner 16 step can include the step of

flowng the fluid through a filter 26 di sposed in the

Pj0esOL 2 Upsmhe&"mwihg Mdid ehr6 @1 b trin®0RIcd BondiNBndr! BEtBY can include
fluid through a turbul ence conditioner 16 step can

i thel stereot Aewingethe diuid toangiya fitler £6 disposdsk wuthh papenb mpssream from

24 di ip t j t f.the flowgeter
2R 18 P Bl PRFSATH el RETEG R g s can
sirefudeathei siey wleldwiag shedlid thvaghird AgzAlOe4f Higposadt i the pipe 12
the nmeter_ 14 which neets a proving requirenent. The _
meREAINef Yedlpvemnater hé1and dommatreana of ghe genditipngig 6 hEhe measuring

Ly ahtiflciube tﬁgl%?é'po&é %%%Lgﬁl Rt fol Ntk rtﬁg | Rer 4. which meets a

requi renent of + . ertainty in trve pr ng
r proying @Q6it¢mdite Pheseasuringveept caninpbrdeahe stepofameasuring the flow

A P PSR BRI %SO 80T, AP0 certainy i

MEVOpRb v Rns.ses the steps of identifying an effective
di ameter of an aperture in the pipe 12 through which
the floweter 14 communicates with the interior of the

CBRIES T35 eLFBh P, Pl TR BoRbllip » wovinc

t fendetidree tliov fordisanwiteran (@@ScHic Hosvigetean4 ig 4 Eﬁ)eﬂﬁp The method
of determ ning a_thickness of walls between the

ofpfIAPLsS th sigDs ghddsndifyipg aprrdfestive Hiampierof aappesire e the pipe 12
o P S A L SO AU BRI HBRGT 181212, There is
bthiel sthipnef ddt@ncoingiat pitthéretiéenhisnlesnip thheorpditiciier Maedsl a function of the
t hi.ckness and | ength determined in the determ ning
s?%%%“efm%n%ﬂ?lding step coul d include fabricating the

center portion 35 having the holes 22, cutting it to

l ength and dianeter to neet the design paraneters

di0€Rhi ned fberetdeam By thehstemafl detetmhimige s shigkesk efigralls between the

?‘t)n deélgrg ts%lgs %is{!é]gftgodi c:)tﬁtlﬁ? %étégl fg%reiga_en ‘tg:eet@lte es{eppoqrcfeie%irﬁgg %Hength 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

13



[0063] The present invention pertains to an apparatus

10 for determning fluid flowin a pipe 12, conprising
wa@2a0a0soence- al tering turbul ence conditioner RGI/HIHO&O13263
ultrasonic transit tine floweter 14, both placed in

R e BB b SSHR S B
I GOERATRRED| Mdt Posittfe BRplaBEmédiaRete NRRbmpBdlthERInot possible

by nmeters of conpeting technol ogies (turbine nmeters
aMdthp croiny ertiong] sptrrmg@n@nts nadt edigysoaic ametsnpl l‘bhrﬁﬂvﬁral alternative

n ntional,.arr an rrent
?cﬁnfg% gﬁﬁo%snewetrtlge 1 en\c/:g ; %1 nd1 ngF na scnbed The turbulence

c otidigorend i16NGnf @lrsotﬁbeaﬁplfeﬂuﬂoeﬁlc Qlt@ﬁhﬁdbé laBafgerndént adfethe enclosing
descri bed. The turbul ence conditioners 16 can al so be
apiPIRENG Wtraspnig H@F%dﬁ%clahwawgr?@mrlhﬁi IR Hie RIRY 4 iapg in which a

ph&f@%@%e#&%l{%ﬁ’ e ngp}lggéoeﬁpsgréaﬁ’ifb'rt{? IC sok?l?ceﬁllet d ﬂl-lt downstream

descri a nozz

t ypHéher mdudencei @ndmninely &6, wiib tprexdng oésulth dettbit thas gitévdously achieved

meter, 14 but downstream of the turbul ence conditioner
%%PFﬁmﬁP3V?ﬂﬁ'results better than previously

achieved with this arrangenment. [0064] Figures IA IB

and 2 show one of the several alternative turbul ence

cil i oner Figgesedpl, dfedndy shove oinnvrfrmb cavernlt hlternative turbulence

chor ul tor son 14. do stre scri bed

SO e RISy il D oRR) & el sy meter 14
" B@Wﬁ‘s{ﬁﬁﬁb ‘ashpiéebetibedll By Shidefveftdsn. Ve tosfigAlatich, referred to as a
denonstrate t capablfltles of this invention.

REQTIEyomp T hatiBe ges silFDdws bRy istad t9atearpraispis. thy wapabdljties of this
| t
o;ﬂﬁ%ﬁg&ﬁ?naesm&q %ﬁe'ﬂ?”hés]pﬂf)?& WS la‘[:t%'o?é% %ﬁ%h?.ﬂq?%'e &) dimensional

I nvention are as

C caguirgments iof this bmmplatyhﬂnl}mdlmhnt(ﬁf thdrmvantivayae ab follows:
turbul ence conditioner 16-the spacing between the
centers of the openings 22-is one-half the effective

(ﬁjgg er of qthe ge&{eurc%ﬁf & t t fas t
(1% i nch pItCE VS. H%cﬁggbegﬁﬁﬁt)ﬂﬁ%??kgugﬁ fife honeycomb

gener ally, the pltmlbhlesh@abnﬁlbendrebﬁs—ihmspachg bétiveen ithe centers of
:jlsamst er of the %l'ljerotp%rruengél 822_Ii11$e R fu e 1e?fectlve c{lameter 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

14



equal to the dianeter of the transducer assenbly if

the bores of the pipe 12 penetrations containing the
wa@bkdopazsomi c transducer assenblies are equal orPCEHES1098/013263

equal to the dianeters of the transducer assenblies.

In sone ultrasonic_neter, esi gns, t.he m nor -

i aneter of ¢ he. GBEIT g % SpHERHA Hanelipism HH vasiptigns have been

the pipe 12 throwgtindd Ghtht he W IHASPIIC tE&NETiAYh RPSRER 18 ratio.

is smaller than the dianmeter of the transducer = _

assenmbl y. | n suchlevees evemigeeatar sieguctipagrary bebtained if the pitch to

opening 22 is th i i f 1l erture

12. Subst ant i al ?18%1%??&%@?%sﬁf@&f@gﬁpg%:ﬂgﬁg have

been obtained with the 1A inch pitch to 1A inch

aperture 18 ratiq, ver, even greater reductions _ |

nﬁ@‘sﬁﬁ obt a?ned iorfhe:ﬁéﬁﬁﬁ'ﬁfscﬂﬁ tthe afadlst 29 eof1the, heneycomb is a small
smal | er than one-ghal; h iof ) .

wal I's 20 of the t{%%{é{)/%gn‘glg ﬁ)gt]ca%grg?l%@e?gc? {1?2'8%?&%1&2&18 show that
pitch (in the ordallso20 1hdt0dre Bl celhtatd cnshe Ipitehtdfathe turbulence

walls 20 that are thi.n relative to the pitch t he . .
turbul ence condi FPB‘E‘E‘PT‘TGif?W"f e F%ﬂﬁj‘eoﬂg% n 1?{9 i’?ltbe pitch—will
of the pitch-w | lprpFigyi daedRAUGhRnshl UStéHgdh SbF € Nturbulence
for the turbulence conditioner 16. Because the walls _
20 are thin, theceaditiesergdherBacausei ithe hvedlls R@eargr ghipf the eddies

extrenely small dj r-s I Q not to inpact. '
the net statisti %S %Ftteﬁhlé‘ @%&eggrggﬁ?ﬁ"g@mﬁ%&é%@d&ﬁ?eta—mau

the ultrasoni ¢ nmehelighl do( bedmpse thBendt latRSic@lof herflow velocities
small relative to the dianeter of the aperture 18). In
this regard the HRFIEVEDRY thorkiaseramesst Idbesayse Hranddies are very

turbul ence condi j,an§E1alife "E(? e YR Rfer Y Qﬁg{lg? alit82. In this regard

this invention are I nherently superior to t
conditioners 16 dlie t hengyrembousinfiguration and the other turbulence

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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referenced patent, where the di nensions of the

liganments are in the sanme order as the holes. [0067]
w@200%0e89axi al | ength of the turbul ence conditipPCEUSDE8/013263

isin the range of 5 to 20 tinmes the pitch. This

length is sufficigent. to e]imnate obal .vartjces :
created by feat u?léastd&es PﬂLd@eﬁ?ﬁﬁnﬁjﬁﬁﬁ%é’ha& h?‘!’fegtream and that 1s
condi tioner 16, gh¥h@tdnbagh 6 WaRStadPMRAdotde@N@aldll A pressure
condi tioning. Turbulence conditioners 16 enpl oyi ng

| arge diameter tdoens of the durbylenre trohditieserar k6 resariietlyherein are
provided for tur Qé@ﬁfl}%ﬂ% t%l %?ae%?%rg (fg(%secg coia%eﬁt?onal tube type flow

el i m nat e gl obal i Ces. priopose

turbul ence condi tbadi€ioserd.6Thdpassuik |dropsobf B turbulence conditioners
necessary. The 5:1 to 20:1 length to pitch ratio al so
provi des a conf i ¢@rdgssedihersin jaee less Bian yhespresgure drops of plate type

t hereby produci ng,8, Pf@@&ﬁﬁiﬁ[)ﬁ@g lggﬁt%t%}?t ?eggél%eslg%ng the previously

significantly in the ow stream an

enough to wi t hst aefdrehtalpdtemtces. Cal cul ated pressure
drops of the turbul ence conditioners 16 descri bed
herein are conparable to the pressure drops of

CumesNt i onaly t uben FyRee bl MY eShid ABEF $4 isTIEatRE &
d?ggspof t he turb%lé%ﬁ% condi tioners 16 dg;s,cr?bedﬁﬁlld)&ﬁnmelyorle

herein are |ess titemat hpippr d2syianeienpdovafstiphmt eft ype turbulence

turbul ence conditioners 1 u as describ in,the

previ ously referéﬂ%égoﬁgtgﬁf.i#ﬁb6gf9%$e nﬁ@?gdwg“é,ﬂml marked
the ultrasoni c mihpfovithehS IOpRIVALE PBIFHAXINTBL AL Yached with this
internal pipe 12 di anmeter downstream of the turbul ence

condi ti oner 16. EerEgyrtEnsAcsgriation ins e wangme! whfkadnternal pipe

i mprovenents in RB0Y] Aeaer fArf gﬁag&cearsai&&&éwgvg)grfg%&%}ge. Larger

this configuration. separ at | I'n the rang
3 internal pipe 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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12 dianmeters will produce satisfactory performance.
Larger separation will allow eddies to aggl onerate

w0 nicg/orsam@er eddi es and new eddies to form rePCUSIY08/013263
the effectiveness of the acoustic beans of the

ul.trasoni c mefer 14.i.n averagi he, rptati onal ..
VI EPE B Bdetia 4t B A a e Aoulfisi s aPSiuplisbed by redundant
shreaher than XA di aneter can cause |local velocity

profile perturbations produced or preserved by the
turbul ence conditioner 16 to be "seen" by the

u oni c ter . degradi.ng Jits,capabi.lity.to . o
[ md(?g ate t;@ a>/<X| éﬁm\]/ke l?}c]i)rtof}u%fl o$¥ Ihggtﬁn h}el %% l?i}r}g pipe 12 100° F

[0069] Figures BéfordBnse¥ting 4he YEhddetd tdess H¥duces frictional forces
alternative configurations for turbul ence conditioners

16 neeting the PeG{fchdvhsarcapaestvitheanding the hydsgulicaferces tending
g
desi gn, the aXiﬁ;dﬁﬁﬂgéﬂuﬁf Lfe conditioner 16
whreh red

provi des stiffness uces axial deflections and
stt053kes t o (ber ppsthwtids batwees agjaosmitdelskstriear gdgglosvmstream end of the
of Figures 3A EB, and 3C and the tube bundle of .

Fi gures 4A, 4B, PWedlgs fopespifat (the ahyndle acty) af @ siirgle structure.

that the tensil aigtd#£9685 @8 LABNIONNSHE CRBLENACH. Behieved by
transmtted fromtube td6 tube. Forthe tube bundle

desi gn of Fi gureglddamng.4B, and 4C, this is acconplished
. by redundant neans: [0070] (a) A shrink fit, produced
by heating the enclosing pipe 12 100 F before

| [eaey i ng tispoburilisasotld e, benised Us 861t iitd d@Amdtream comers of the
forces between tubes capable of w thstanding the

h§@s-siats condyianss 16 ehHigweest3ss ad3Bdge t hem and [0071]

(b) Spot wel ds between adj acent tubes near the

downstream end of the bundle, ensures that the bundle

apig3hs a siBeghuses pematume pipdlihesr nad i kel free t b debiion@or example

a}r)rroeg ittage evgaxcglrn as%%al%gnréis)ee\{n%dbe%%usseogfdtl% ircggt'ively 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 more diameters upstream of the turbulence
conditioners 16 prescribed herein. The aggregate pressure loss generated by the filter 26
or strainer, the turbulence conditioner 16, and the ultrasonic flowmeter 14 itself is less
than that of competing technologies. A turbine meter 14 also benefits from a similar
filter 26 and a flow conditioner having a similar pressure drop and itself generates a
pressure drop, which the ultrasonic 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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[0072] Spot welds would also be used to stiffen the
downstream corners of the egg-crate conditioner 16 of

wo-e@ane®1BA and 3B. [ 0073] Because petrol eum pPEEUS06%013263
are not free of debris (for exanple precipitated wax

o hal t enes) o aﬁeéid adt %?;{ﬁ% ﬁgrlrggiglgpﬁ%ég%qﬂmﬁe%n?srﬁmt{‘% flow stream in

| [Héedﬁ'dcﬂﬁn oftlgve. TIRNERIESE Alandi tifdSik ivendb P ﬁﬁl‘(ﬂotfeﬂp 8f the distance
flow filter 26 or fine mesh strainer five or nore

dbefinser fransshserscanh the prapagatinmbyalesityeofctbe aittdsowad. For@ transmission

DEERS RS TR0 OB R nn e vetocts

Coﬂdltﬁas@nﬁrmlﬁe ﬂ&ftﬁath’@ﬁ anldtthesiafd elbdioyprieRtedlshtd tseLhdoustic path.
is less than that of conpeting technologies. A turbine
hen 4 gecond JransAETSIQNS it BT Aeds ihihieapprosite eireciipra fibiatais, from the

f%ig\\gﬁl?%m ttﬂaﬁ&ﬁfcepq}{l t’ﬂg ﬁ ﬁjemol ﬁ{e V\k&%}”‘{ (?raqg Flgnﬂle. Bropagatlon

generates a pressu e drop he u son
netlecityl 6 tHedsfferonce Wetwosi thev\elcdmypdfamemnhd ietherfluid at rest and the

al.so ner al | a filter t hough |t enerally
R TR Rl ofto fhedrusiapaioRier, knpwinghe path landth, the two

ORRRNiRkARk AEESHhR VRIP WhealBltiohdan MAunRhOWHS e ultrasound
by the turbul ence conditioners 16 described herein.

[ odvdly H @Qrfbsd BAresh dn(5316| fluid yeloaity ptdjectpd bnioi the (asousftlc path. But,

Eé Sl’lthlgsgr\\a;le | o u-I;{s) f F gug# VelltoPﬁlgg)g{)\]fé tngttg}ttéytﬁg acoustlc path is
t deteshibed @of b@l@ﬂ By thcapohactibh v the @ﬁ&rdg’& @Xial Qeldcity (the variable that
recei ving transducer. In the figures,

t Pegdls e be mﬁf@wrﬁqh)slw@éﬁo th%§etg§ﬁl@f5téﬂlbf!0@ themaudtiplp furbplent eddies that
t I i

SRR AROILNASE RS LQMNGBAT I B drction s
bylso lafectad by et turbulehae Gbustmrmehﬁt_y\wghe saradgddiee ($hich may have

and t&s gropa ation, veloc?,g Baﬁ uI rasound. For a
t POXNEHPR OPBYFeR franfmisgiongk: £iob 1°Pﬁ lpsieatqd ig frigurer b therefore,
PHRRAIE icAfurakAs! 'a}é’ néedled REavtiiBeBut ttltbeef‘fé;‘cltso&f th¥ tl?l{)ulent eddies and

ultrasound in the fluid at rest  and the fluid vel oc
pthejabyttedetigmimetthe avaragesaxia fhad kelotiheriong $eqatid

transm ssion is generated in the opposite direction
(that is, fromthe downstreamtransducer in the figure

t O7BE Upst VR the ansihieareddy enktanaaalit @[gin‘vfﬁiaﬁﬁy kdhaller than the
is the difference between the velocity of t rasound

i flamster fof thedtrapsdpeastapgitgres 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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fluid velocity projected onto the acoustic path. Thus,
knowi ng the path length, the two transit tine

wore@srsment s yiel d two equations in two unknoREBUS100£013263
ul trasound velocity in the fluid at rest and the fluid

vel ocit ected onto t e cqust i at But, as

{Frsit sl SIS g ot only Rice g1 Gl o spbificantly smaller
OfHaf thB&pBfAekSiiameRAtdhdl shot Rt ﬁfe'ﬁrlﬁ)dlzﬁ‘%’é Qfdliss Qnt tlﬂg only eddies
projection of the average axial veloci (the varla

t Whapsendienster & syemﬁeaelyrm@llebthanahe@qrtuee memrcprtwpect i on
fromthe nmultiple turbulent eddies that accel erate or
retard the pulse on its way. The transm ssion in the

oegsj t e di EA&Cx{dt@flalbcﬁveairﬁt(he Présetit Beiton, B faHabM| BN GRions of flow
but not Penerall the same eddi es (mhlch may have

nEARlcoHn @ét%mntqeﬁ@ﬁﬂéereom?e stpgi byﬁ@dt@majthsut@tbulent eddy sizes
' gdclﬁsthﬁtatthgg af@ei%é&léléfgeagﬁaggg %fﬂcu? ke acj&i%t?le % e& t%le 61f1eter 14. The

neasurenments are nee aver age out
t tagta tafr EilghEnﬁ soei ds: eaddctidre pﬁ’ﬁbuct:d) byei e4 rthete hbhl@jcomb turbulence

aver fluid vel ocity alon e path.
vwgﬁia »@Srﬁmweda 1818 feined O e %n%wé% 1§ﬁ$(¥ftlfbﬁﬁfqr;}4 (the duplex
SARldrau Jotﬁ@@tstm%' &E@?ﬁlﬁfl¥hs E)Qﬁdetn[ ﬂfé%éiiﬁq of Wﬁaﬁ'ﬁseec‘afch), having

that formthe acoustic pa al ong which the pul'ses
utranssdycerrepertnees 8, oft épprofismatel hdnoeb diametae It IWaH dsoea that, over a

pLQpagat i veIo roduced t he tangenti al

vétqo q%g ?ﬂ%%s’egl %féﬂ?il‘:fﬁ ocoﬂglk%’\é’ jpe%ro Vtceéa%‘l‘fldard deviations for
tm@nﬁaqum sarhples d gplrdxuﬁlbfe@t o, | (RerchOHandBrd MESilkidh of 1.2%,
t he beam of ultrasoun t he conponent of an eddy that

hediclnworldebe (expeaied: Awm (thh seme gnetar |14 erfetasing by atsiright pipe 12
C&tm&!ft]e[pé offbulbR& &%Hﬁloﬁgldif that retards it. Eddies

y nove a ve OCI y cl ose to the average
f|UId vel ocity- typlcally in the order of 100

iuﬁﬁg /seco The propagat|on velocity of th
u ound the, irRdyationgpfB¢ sgndarg, @R)’(bathi?ctli‘e%‘ﬁs%%%rﬁamples translates

Tﬂl‘t@ i B%\}éu%ﬁba&g”@éﬁom‘éﬂéé nﬁea{)wkncge P&rfmé&ﬁ ?h #hk honeycomb

eddy within the I nch projected ax
(cqqdutaxate) 16.8as mehsunéd bxasmtmmmg thesmangs pO mebaald fastors in sets of 5
|sthatthetur

ool s RIE i SRR 4R Ty e qple ot ehet P B two 4 patn

t efels E4lct Qﬁ/on'iffé‘fénﬁﬂﬁwSﬂa% iahil 6@ two aiFRIrR préviag vBhﬁnes—a total
aperture di anet er and shoul d break up | arger eddries

selcthintharup pety farcracle of Wiegsie metarselder Fergwengnofitheserrunysets a prover
S%un%roft ﬂ?‘Ba&Q? v@ﬁeér{lﬁgﬁecﬁ“l% &Esog&%eaq 3400 and 2700 barrels per hour

respectively. For the remaining runs a prover volume of 10 barrels with a flow 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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[0076] As noted above, in the present invention, the

random devi ati ons of flow sanples of the ultrasonic
worea0e/078040 ar e made snmal |l by reduci ng the turbuP@nUSHA$1913263

sizes such that they are effectively averaged wthin

e.acousti.c t he 4. The ta of
651 e AT, e s ol /M PR TGS ilen during that
t DN RNsoenpi@eddad thepesdutbof &% IHRAMId Metet P4 @@mgle raf® @bout 50 Hz)
6 inch duplex ultrasonic neter 14 (the duplex neter

c as therdsirggfons afdhe swe dihe Ardipate od Eperiel ns theegrverage Img@fof the proving
f e

ol R a0 AR s TAHE e RRE EE SR} from a set of s
opeIviEg ﬁnilsr@pg@umfate‘lﬂ' ey’ td he d.Jrbul ence condi ti oner

16 produces standard devi ations for individual flow

sanpl es of approximtely !/2% (versus a standard

d ion o c I e
SRS} o0, Oy, SEha e b By ol mence. 11 v
t stendand davieors afohdinteasuremerdts are £ 0@23Y, Tmermeldiistribotion shows that

Predfa i ety FHERB 8 B0iRG burkiseRReSnerhe mean are 1in 20,

PTRY bids BRE bRy BROGE thY fdmdilife ToRexas rmu GaIm Ghisid%”ﬁé obBosite end of
was neasur ed by exam ning the range of neter

f Hiet band arg lsis éO of hus tiEoQﬁldﬁngrQhﬁ@inmﬂWO esults étfﬁerm[g By more than

5 r
RSB AR TR R £ S 1620,880 ) - 0005
dWlﬂEQenbmg{ 9\0 OSQS%OEMM -fﬁ/et;ﬁbﬁlhg%ni Bhduly 81 Mkithis @ke prescribed
: two nmeters 14. For twenty of these run

s%pé%&aﬁg%g%é%V@“Hﬁ€n6¥ 20 barrels was enpl oyed, 10

sets each at 3400 and 2700 barrels per hour

respectively. For the remmining runs a prover vol une

of0080] bar r eFsgune Bhsteowd the peatantage @40CGubarroed setpehat were actually

hour enmpl oyed. Provin S in 10 to 20 .
b%ﬁ%ﬁ“%ﬁaﬁﬁgt S it b DR vl fefes PRYES AS projected above,

[ R 7BdurE Ry hatlakRerf 914 8GL e @UQﬁ%%rtl&% 166%SohE B run sets were
the turbul ence conditioner 16 of Figure 1 are

pwge&sﬁédwlwnm YPiren Ts inTthe 0S84 wmge.afbobt Hfiogo 70Psof the 5 run sets
éraet If ctcéasC ?ul CII?}% a‘fat? rrI r%g&lggglieoglﬁg) hr%ufﬁllﬂg/vn\fél\éﬁcrzéo?&nce v\{/lth statistical

opéd 1 n a precedi
predlctlons
[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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twi ce the quotient of the standard deviation of the

i ndi vi dual fl ow sanpl es neasuredduring a proving run
w@rInm9iGsquar e root of the nunber of sanpl es RPCT/EE908/013263

during that run. N i's conputed as the product of the

ultrasoni c .neter about 50 Hz nd, t h
aSPAFRE Py TN iR o E i, B e 4 8 pie rurbulence
a\t&ﬁcﬁﬁ@nd‘raﬁg enefing NBe [@iMYhsichal Watamedlers | greRkibkd Qfégelﬁ’ pstream of a
the data shows that the average range of the data from
areduicings nozzlg 3¢i mythr amsllﬁr@oa@pmés@r ntedt é¢\ynsét?am of ghg@nozzle 24. An
i use r gj.ect
pr g‘\%nﬁ%&ger B%EN&S%W ({f\kge Isnt%an a §St8ree\§| AT sﬁ be 12 diameter

t heniziasdlriesse @i shaflew RoRR5Y%4 canﬁl@frﬂt&?dn dhé ultrRohicoflow meter 14 is
shows that the. odds that one run fall outside a

0 1es8¥dpih e AYisIcL ithgat RE th ap72le e241 Wlﬁclzoncrph@dausmean fluid
t RafocRP¥eddWy Befmdibe14 Qme%aﬁr % f the Béta | > él‘%JIédThEge beta ratio

out si de the "opposite end of are
hsethc dastierft of theanorzieg24 thooat dsamhdter ahdf thenpsiceabypiperi@ diameter. The

(i(:] 9012?1% a‘%g?nc Y2 QEG’F élﬁg%) WL]I Z}t%fg)zz(y#%mgr%ses the average

S AN velolit{) 2% Yoe$ AbE sighiffchi®y BRAVIHR%ahsidBiab b@l%l:ﬁlleg ¥tlthe turbulent
wthin the Erescrlbed 0. 05%range 99.5% of the tine.

[ 0983 Thugihe igbulepeksag h@erygemt@gfnpégweer@ge Buudurclcpmwé reduced. Tests
Sﬁ!i\‘?‘e Eaﬁgn%@ﬁ[eﬁ %%tdag@llt&y 5107 %E’ § Lplavn} hgl E)etgserta’s%) 00% eOC?7 ao reduce the

requi r enen nge pro

abuéardtdeeiatiog wf endibidwal ﬂdikﬂtmea‘ﬂdileﬁleﬂts&)siﬁiﬁﬂ alﬁict@r 2696, as might
or less, 100% of thg 5 run sets were successful. \Wen
2bg e§rr>ﬁ%ﬁﬁi since (1/Q-6D° 67 0@5%? usrgef a m?@tﬁ 245@@)wns§rem%fdhe turbulence

a?%mg Iber 1%%}1%1{?2 %ﬁasﬁi% ed %\lgléle(%‘p uj% c{chg e standard deviations

PbEtHeGidw BS Fidu8d8 Honl DS P& §.059501TEE aﬁﬁné:e'nﬂslﬂ QBuld Bdl¥e the (2 Gumean)
is markedly better than would b e obtained with the

sdate ¢hBiegkas T120dn®bt lepding toi kR sueqses pmrbwnénn&@ 10 barrel proving
cggﬁgk%oner 16. Wthout the conditioner 16, 2 smean
be in the 0.06%range, at best, for the 20
barrel proves, inplying a success rate of |ess than
50% which i s al n agreenent with
0(?83 It sho ?c? be notgd 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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experience. [0082] As has been previously noted,

reduci ng nozzles 24, such as described in the patent
w@e@oiorsesd y referenced (U. S. Patent 6,647, 806, PCT/US2008/013263

incorporated in its entirety by reference herein), can

b e applied with the t | [ tioners 16

descri bed herein toenh rmance stil

further. Figure 4 shows a tube bundl e turbul ence

conditioner 16 neeting the dinmensional paraneters

prescri bed Herfsl apnapins adetstmeing fuidi fiay oz pipe cahprising:

with an ultrasonic neter 14 downstream of the nozzle

24. An expandi ng diffuser downstream of the neter 14

restores thanupshsodadnpivPmete? whishRbimiicatdswith! thé Q§@rior of the

hi the flow nozzle 24 configuration, the ultrasonic _

f PR theQueh atglepst ongc paie #fj apertuies.cyheiedeachaapertiroaf the one pair of

t 3, Ch: eases the mean fluid velocity

sg%ﬁﬂgég%ﬁéﬁ§%$%9b§§wg%&%h%ﬁ%eciprocal of the beta

rati o squared. The beta ratio is the quotient of the

nozzl e 24 throat dianmeter. and.the upstream pipe 12 |
di anet er . Tﬁé“’%é‘@ﬁ%? coRdIppngr ispes @et%g@p@shagy&wemngs where the

?Fﬁ&“§&we%bﬁ&iﬁé§% g%ﬂdti%n%q’ tH\FFRAE aia}&?erﬁa\f%{ea%%rture.

uid velocity, 1t does not significantly alter e
tangential velocities of the turbulent eddies. Thus

the turbul ence,as a r cent,aqge, of . ayer.a fluid ..
velocity i sar e‘éﬂcaé’é’?‘p st% d'f‘Fg{}Be‘Lérhm%}f‘? it‘%lber?lﬂethe conditioner has
abialls bytwebn ﬂﬁzcﬁieﬁi:hgg%H%@Ht}ﬂﬁqﬁsﬁ@taéfuﬁéﬁdn%f@ﬁe téh/ to

reduce the standard devi ati on of individual flow

neasurenents by about a factor of two, as might be

expected si RCe é{)?zbr?% Zas ’%tesém)%d 31?1 %lgifm 3 \?lge%éilalte‘thg Aéonditioner has a

downst ream of t 'ence conditioner
upsigthewhicbfis 4 imcfibowfitteqritch4 woul d reduce t he standard
devi ati ons of the flow of Figure 6 fromO0.5%to 0.25%
The arrangenent woul d hal ve the (2 snean) data of

Figures 7 apd g, abﬁﬁgﬂueilst(ﬁ%%%%]&/"iﬁ l@ﬁﬁ?%vﬁ%@&n%é Hl(ffté}‘%s disposed

10 barrel proving volune. | It shou e note
t hpto 3 el phe doewters dowastecanoohihe tonditlondEi gure 9
shows | arger holes in sone part of the cross section
of the conditioner 16. Figures 10 and 11 show the

openi ngs 22 sar gn Rgparafus & URbcriledBAST1RIMS 4 Whdreah¥ 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.
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[0084] Although the invention has been described in
detail in the foregoing enbodi nents for the purpose of

WO kdogmsts9ad i on, it is to be understood that sucPCHESH0$/013263
is solely for that purpose and that variations can be
made therein by those skilled in the art w thout
departing fromthe spirit and scope of the invention
except as i1, meyh BEpARES dsh@deibed e Aishl gWvRekein the holes have a
claims. WHAT IS CLAIMED I'S: 1. An apparatus for
deifalan GipsRgsertion.d flow in a pipe conprising: an
ultrasonic flow neter which communicates with the
interior of the pipe through at |east one pair of
apertures, Jbersn apgdraapas degegibed it OEaioN? ifdidingt filter disposed in
a&%rt,ures has én effectiyve dianeter; and a turbul ence
cOSAIRS BRRLeaR 1598 dRgicanditiqnst. ni pe havi ng openi ngs wher e
the pitch between openings is a function of the
effective dianmeter of the aperture. 2. An apparatus as
descri bed i A1C A aparstoeredescribed coQihim Hherchidise wabkae disposed
bet yveen t he openi.ngs.whose thickness is funct.i.on of
¢ Mg PiRer Py SarR P o0 pier ad Qg Fesoy of the cPagitioper.
wherein the conditioner has a length which is a :
function of the pitch. 4. An apparatus as described in
d ai m 3 wher@i nAmheppasatas s sdegershrsls st Glpnt d 13wheresr tled pitch is a
Pj ol t OWNS: f..the conditioner. 5. An
a%%gtrlg ggﬁlaegﬁ‘gg%cpﬁlg%ﬁeﬁdﬁ?ga I:Eﬁ"m 4 wherein the pitch is
| ess than the effective dianmeter of the aperture. 6.
An apparatus_as described in daim5 wherein the walls ]
have a t hi chAedstRYIgResFondiongr for apins thewonditiangr having openings

na . . 6 ot . .

PRERPRh R XopRRRALL BEL ales ARy EBns iBE AL WRose hickness is
dBmctiom efitherpitCh ahmc@nditienarihas b hangtioWwaghhae éuraction of the pitch.
crosssection

14. A method for determining fluid flow in a pipe comprising 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; and

measuring the flow with the meter.

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 walls between the openings whose

thickness is made a function of the pitch.
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that is two or nore sided.9. An apparatus as descri bed
in Claim7 wherein the holes have a circul ar

wee@es7dect i on. 10. An apparatus as descri bed Per/Chz081013263
7 including a filter disposed in the pipe upstream
fromthe conditioner. 11. An apparatus as described in
Claim 10 including a nozzle disposed in the pipe

upstream of j5he Af hhdELE dedditbed OMNETHiBAMS Qfhdrli the flowing fluid
conditioner. 12. An apparatus as described in Claim1ll

wHEpEghna fusbulgneecepnidstioner siep indvdesfthe step wéflewing thexluid through the
% Lty " e i ti,oner_for a.pi.pe he .

o St cohiiofol WhaRE R ERGhS AP gt nRic! 8 tade unction of
ctregiitchoner has wal I s between the openi ngs whose

thickness is a function of the pitch, the conditioner

has a length which is a function of the pitch. 14. A

met hod for getenmnigg ' i pi rjsi - -
the steps o?:'f oW ng fFﬂ$§g¥ﬁkgﬁ3h@§ﬁ?u?§5W§%§g the ﬁgwn@ fluid
c tmaugh @ hebuldnepasddidner step ipilydes iz stagy o flewingthevhad ehrough the
the pitch bet.ween eni ngs, s, nade funct.i on of an
eP"Fl%‘gFI?‘i?e CORUNRREr S%Posﬁﬁ Pt %lr‘é‘teﬁﬁa?fpﬁl °§IP‘5’§@H§ @pstream of the
f LenmmdRE, Whi ch comuni cates with the interior of the '
pi pe through the aperture; and neasuring the flow wth

the neter. 15. A nethod as described in Caim1l4

wherein the §l ow fluid through _a-~iurbulence . . i
condi ti oner 1§t e%ﬁ ?%(t:lllolﬂjg%% eﬁcéj%s??elﬁ g@alrpl g%/vi‘ﬂber?lﬂethe flowing  fluid

f thabuwbht Hruebigbndeheriditionet S8 encl@ledithd aBEOf WoRHR thetfBd through the
condi ti oner has walls between the openi ngs whose

t Mirewpressconditionss wherginctheopitey 1s; lees ghare phey effectivieedismster of the
aﬁpéﬁﬁﬁribed in Caim15 wherein the flowing fluid

t hrough a turbul ence conditioner step includes the

step of flowng the fluid through the turbul ence

condi ti oner erein the conditiqner S | engt.h ich

is made a fl!lﬁlgt ﬁoﬁieétfo as describe nil’l C a?m ?8 whe%ein t\ﬁg ﬁowing fluid
through a turbulénce conditioner step includes the step of flowing the fluid through the
turbulence conditioner wherein the walls have a thickness between 1/4 to 1/10 of the

pitch.

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

turbulence conditioner wherein the length is 5 to 20 times the pitch.
21. A method as described in Claim 20 wherein the flowing fluid

through a turbulence conditioner step includes the step of flowing the fluid through the

turbulence conditioner wherein the holes have a cross-section that is two or more sided.
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the pitch. 17. A nethod as described in Caim1l6

wherein the flowng fluid through a turbul ence
w@onvdiorsdoomer step includes the step of fl ow ngP@TES2008/013263

fluid through the turbul ence conditioner disposed up

to 3 intern pi,pe di areters tream.of ;the . . .
condi ti oner .%18.A R"S@?‘ﬂ%ﬂ (%gcrﬂjgéc]lni @?ﬂml ﬁb cFasriin the flowing fluid
Wig6@iha hitBulkhew\édiditidriet Step iQu@R the Et'élff) kI RMERg the fluid through the
condi tioner step includes the step of flow ng the '

f fuibdenderqongdiiongewheretuthe heles hayriz eirgHar crossesestion.t he

pitch is less than the effective dianeter of the

aperture. 19. A nethod as described in Claim1l18

wher ei n t he 28| ow mgetliddiiasl debdriheghinaClainb0 emeein the flowing fluid
Cﬁ{ﬁlditi oner step includes the step of flow ng

f

th
Peeht hiaYleneh EORUHBRAT SHPenebHER theotier ohflerdns thenuid through a
WL SaiGea th bl AROGS S RRINER Mllohalnd( 10 of 1 he

nmethod ‘as described 1 n aim 19 wherein
the flowng fluid through a turbul ence conditioner

step includ the step, of flowing the.flyid through ) .
t hept ur bul e%ge Elbﬁbqﬂi.“?doﬁ%ﬁ{ew{ﬁ\qﬁgi " Eﬁaéml ghg‘f’]i"leriﬂg et flowing fluid
2fhrbugies tiBaleRtd 6bndifdner AtdpinbRAeAhelR§SE bf P8 idd tHe! il through a

20 wherein the flowing fluid through a turbul ence

coersle i disposed tippthenpipgdesstich@ of epe oflowmgter nandt dewnstream of the
fL(#Hdglﬁir{yrough t he turbul ence conditioner wherein the

hol'e ave a cross-section that is two or nore

sided.22. A nethod as described in Caim20 wherein

the flow ng fluid thrqugh_ a turbul ence conditioner

step incl udés tfemstheg a5 dgsprhgdhip Chainy 2O whergingiligrmeasuring step
t R 1dddE DML €AGS FORGhLIABC e MABHS Witk S wWhRYe i
circular cr oglg-sect ?stéln. g23.e A rremtodhges e(grcri \éldnl?er?ts a proving
Cregjuirei@@ntwherein the flowing fluid through a

turbul ence conditioner step includes the step of

flowng the fluid through a filter disposed in the

pi pe upstreap fAaRethbe f6OPRIdLERBES turbulence conditioner for use with an

ultrasonic flow meter in a pipe comprising the steps of:

identifying an effective diameter of an aperture in the pipe through

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

determining a pitch between holes in the conditioner as a function of the

effective diameter.

27. A method as described in Claim 26 including the step of determining

a thickness of walls between the openings as a function of the pitch.

28. A method as described in Claim 27 including the step of determining

a length of the conditioner as a function of the pitch.
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24. A nethod as described in Caim20 wherein the
flowng fluid through a turbul ence conditioner step

WO pwbTos0 t he step of flowing the fluid througPCHUS2008/013263
nozzl e di sposed in the pipe upstreamof the flowreter
and downstream of the conditioner. 25. A nethod as
described in Claim20 wherein the neasuring step

i ncl udes t h@9stemetfodrm assuribed it Ofaidl 28inelutithgtthe st¥B o€ building the
whi ch nmeets a proving requirement. 26. A nethod for

pERANEPT @Vtﬂ@rvbeméﬁegewa;ﬂé Alicknesh and flenstly deteningd dn the determining
u%&ﬁgsonic flow neter in a pipe conprising the steps

of :"identifying an effective dianeter of an aperture
in the pipe through which the fl owreter conmunicates
with the interior of the pipe; and determ ning a pitch
bet ween holes in the conditioner as a function of the
effective dianeter. 27. A nmethod as described in O aim
26 including the step of determi ning a thickness of
wal | s between the openings as a function of the pitch.
28. A nethod as described in Caim27 including the
step of determning a length of the conditioner as a
function of the pitch.29. A nethod as described in
Caim 28 including the step of building the
condi ti oner having the pitch, wall thickness and

| ength determned in the determ ning steps.
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