TI TLE OF THE | NVENTI ON Condi ti oner, Apparatus and Method FlI ELD OF THE

| NVENTI ON [ 0001] The present invention is related to displacing and mxing a
t hermal bwonderos7diayer in fluid flowng in a pipe beforecauscansdieger site
in the pipe in which a transducer of an ultrasonic flow nmeter is di sposed.
(As used herein, references to the "present invention" or "invention"
relate to exenplary enbodi nents and not necessarily to every enbodi nent

enconpassed by the appended cl.ai i.fically, the present
invention is related to displ am @ﬁ%!ﬁﬂgﬁﬁpﬁgr mal boundary layer in a
lami nar fluid flow in a pi pechefi@sseraappanasdusEMetide i n the pipe in which
a transducer of an ultrasonic flow neter is disposed with a first ranp and

at |east a second ranp in juxtaposition with the first ranp. BACKGROUND COF
THE |1 NVENTI ON [ 0002] Thi s sectinELbso'eq}?@ eNGOR} Foduce the reader to
vari ous aspects of the art that nmay be rellated to various aspects of the
present invention. The follow ng discussion is intended to provide

i nformat | o faci]itate a betfer. understanpding of {he present invention.
Accor di _n!)q(@,l}it i PTHEN RIS oS elated; to ol pad PHX g ﬁl&m@&%@dmy
di scussi pReAheti@ M iAER tn*f&e bRfote h:ctﬁmduc@f‘gte”iﬁtth@giggQH‘wﬁﬁé}PQ frafddubs fan

art. [0003] Transit tine ultrasonic flowreters are abl e of high accuracy
per f or mandasenie flow mette iy disgesedf (@pphsed dereom refemetices tmthe “Hressnhyehtésh™t ar

their ad@ptiaqn i,n l.ications such as custody transfer of liquid .

hydr ocar blglﬁgn.%olnn rte?f’gg&%j BEMPATHFC ?)(bcﬁ’ingléttsi ?f’r%s,}/lo"t RECEIHY 8t FYHY SFRAKIBER v,
pi pe di agmiogipadded byl the @ppdnde@cRimby N MdrakpddiSeallyOWel fSredent BileBitdn iselafid @t
flowis characterized by the presence of ?urbul ent vortices or 'eddies'

t hat pr odisplaciag and-mixieg m theriah poyndarydayer gpa laminar fluid flow in a pipe before a
transducer site in the pipe in which a transducer of an ultrasonic flow meter is disposed with a

first ramp and at least a second ramp in juxtaposition with the first ramp.
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 the 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 are capable of high accuracy performance
over a wide range of application conditions. This has led to their adoption in applications such
as custody transfer of liquid hydrocarbons. In the majority of applications, the combination of
velocity, pipe diameter and viscosity are such that the flow is turbulent. Turbulent flow is
characterized by the presence of turbulent vortices or ‘eddies’ that provide cross-stream mixing

of the flow.



WO 2012/ 057817PCT/ US2011/ 001694 [0004] I n sone applications, such as the
production and transportation of 'heavy oil', the fluid viscosity is
greater tWAR'RIBAL’, with the result that the flow may BET{U$2¢13@01694
transitional or lamnar regines. Transitional flows typically occur in the

regi on where Reynol ds nunber is between 2,000 and 1Q, 000. Lam %r‘ flows,,
typi cal | JOMMEur ~ at IRegm62aRlisRIRBE rSEChas Bik mrogirtion and) tiansppitatiog i hsayy Oit he
fl ow essentd AV | ®em ; ' SR N He in Wi tharRRional
Cross- st ?lggafrlnlﬁbﬁlvisi&r)l%% l?%%aﬁeg&ltﬂrnany tgg(ﬁ%gﬂqhgrégé\}t?{eaéimﬁ?t hg&?’ I ov{/nessent [ talolnfy
sSWi t ches obakinandgifrest HTasditieen flosvsitygical st ctninibhe regionovrede Reyrdds number is

[ 0005] When flow isS | @I i nar reqgine, the |ac f turbul ent ,m Xxi

reans. ¢ neeteenpel e dOgbg; Ermaios BR%s it Sen s hvactdh ptinps it g0
the flui gy iiRW.LELRRGEAE Be TR EQBRAI1yPERRIY Sardllel 30 ThIBEE of eRPESrful &ithhan
the pipe itself, then the fluid directly next to the pipe wall wll be

cool ed t craskstreampeixiigur b Bk transitionpleflowiiregimertie flove pgsentiallyr evidghgsl back ang | |
devel op he n the wall d,the centre of the pipe. The formof the

t enper at 3?@%&3’8%%1‘“‘ ﬁn%\r}grrbﬁe&éﬁ%%%tﬁ%rbs‘ on factors such as the flow
velocity, the tenperature differential, the thermal conductivity of the
fluid and di stance al on?l@t he conduit. Typically, in the applications of

i nterest 10008 t enpeVaenflewss|in thhiameian Egimag.ythe hack (Pfe'ﬁ‘FlZ}He‘HIrBB‘é“& B‘ef‘rllfethﬁ pe
var! . [00QRIHARSkhaibhIRa A ARAN fuill TR Sl ADIRAAGAHOVP SR 4 fdiibh 1Y

vel ocity, e volunetric owrate, by measuring 1ght” tine of

ul t r asonipipepislas @ higheptengepdtineaharothe fipeaitsedis theendhé flghl dicestly aneyt torthe piglel walt he
ultrasonic_ transducers are installed in a usi,ng. that .is integrat into a
pi pe spod’t’lllsl?.?c‘_FP(‘?qqaio ‘?’ﬁée‘flﬁ‘éré‘t‘ﬁ‘? of ﬁlée H@ﬁs‘?’fﬂg and gz e %_’“‘%‘F W&Eﬂ?‘gflﬁ%m
to the piRev@kithe willfdathe teRRPEIChe Pipd | The THEDLT BRI MPetaltiRl Goddidm@will vary

hi gh-accuracy applications, is that the transducer housin | not

W |
pr ot r ude depgralin hefartoss dechnas Itheo flowhmelooitid Lthe . temperatih (ﬁ?fé@@ﬁ’éﬂy the; thespigbd

in front of .the.housing, .and,the ultrasound es t i e
this caviPPYsEFEy eotfftb%l\%lé?‘giaﬂ% Jt?%%ncg (A gl eec?(glg)%?llﬁbfnhﬂéﬁgg ?\Id utﬁf aé#% a§8§€ iogg
t hrough angrsQfst wapetayure Wifl chaigeGhpidheinraaegiovicigetts drgsipeamll. Wien t he

fluid between the faces of the two transducer housings is honbgenous and
i sothermal, the ultrasound essentially travels in a straight path. However,

when t hegmelgf adi ﬁsiﬁ’t‘ihét ulk SAM%%@V&JM% | QiiSnatinBerdw WethdityapR@d
inthe cavitres will take on the plpe wa tenperature. As the velocity of
sound i s enéanudtunetnicdfoviratepby ateaswringtthe flighs tihte dafiltrdsanictiwdses! tFaswnheationst

now undergo refraction as it trayels from.one ransducer ..t o.the other,. .
Thi's mearifatdsmien Rishagetaey. ppHn Dt g oSS Hopsd Atk Peeued i q Spdidiihacs
const ant ,infeBRitdaahid 4 FKESpdA shidrahiM the e @R thel HuSiAY ifatf iy péally 5 proaess
fluid, tenperature and flow conditions. [0007] Even in the case where the

t ransducerise aie Hofimthetiaspreterfilow meter Hesigwhidal forighhaeeuraay applieationg s that

Feaur 1 it aRRRaaro PR RUE hEREARERRTY heghsle sEFf BE X ARLET At 2
di f f er entcalitpin AEGLATA ifms ofipld hading) ahtiehd hhvisomidepasses tireughathie ffuid in this

algorith rrclavity before traversing the cross-section of the conduit and passing through a second cavity in
front of the receiving transducer. When the fluid between the faces of the two transducer
housings is homogenous and isothermal, the ultrasound essentially travels in a straight path.
However, when thermal gradients exist in laminar flow conditions, the fluid trapped in the

cavities will take on the pipe wall temperature. As the velocity of sound is a function of

temperature, the result is that the ultrasound must now undergo refraction as it travels from one
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[0008] Fluid flow nmeters are often deployed with some form of upstream fl ow
condi tioning device. In general these are deployed in order to renove

non- axi alWOGAPIREs of flow velocity and/or to reshapePCRASIRNEBIPOY
profile across the pipe. Exanples are tube bundles (Figure |la) and
vane-type conditioners (Figure |Ib) which C{)redom hately aimto renove

[
non- axi afransdgogrde ioetbet s This @mﬁbﬂdflﬁaa pletraveling ang %Pl%h Ratds Sirpight ande

| onger i ' X o REYOfAhE phdbesd AFA; RAMGkAlh

t hus br ea%ﬁsg%td[héﬁgél tg&\?gé}ffhgglsl&sggn?ncr%agﬁ%&t heotengengy of ihgﬁ%‘el oweto
travel paxﬂcaﬂbwlcohmtlbime pi pe axis. [0009] Perforated plate flow conditioners
are designed with the intent of both renoving non-axial flows and reshaping
the axial velocity profile. This is achieved by using perforations in a
plate thfdoo@} jvide Ehen fd McadatbheRe ﬁ&rtfaﬂ§dlﬁ%rsla$é Sodstell kktefial &f 186 comtifi, gushe
2. The flowis redistributed as a result of the pressure differenti al
across t amnmomaecadannptmhdtremmmﬂwmgte@s, thenrejeacs ofiothesmplegiadiont wiilgepiging

o5 AR U HEARS! PO TR B B,

the pr Opﬁ?ﬁleaﬁﬁtﬁéoﬂléxahmdﬂ@w&%ulaiﬁﬂ dlgdrithih. t 0 generate | arge vortices that
m x the flow, destroying any bul k non-axial flow conponents that exist

upstream and redistributing the axial velocity profile. These vortices then

di ssi pat ¢ ?ﬁ’nSt F el %(%\gfll%xeﬁrke a¥€ opeh L dep (h%hdwﬂfle%‘?ﬂg §Gmh Dt Gﬁstx@ﬁﬁle'ﬂo\ws

i nproved'r tive to conditions t t may exist upstream of the
devi ce. Adndiaing eeﬁte a Ih @bndryipheszaareideploped in ardethtovmamione BEpgraxias c@Gapamat3b.
WO 2012/ 057817P /US 1/ 0016 4 1 011 None of.. these devi.ces were develtog)ed
for appl Pézgltol""oﬁe Pty aRA/Anke FaSBIR I RO AP G IR SRAMRLSS ALF T

gr adi ent %u@dlé Eig Qféu 'i‘%r hrd vIﬁ@i&p@r@onﬂﬁfcﬁﬁl'sl YrigeR| Pdf)ed(hlc'h preablRidly fdn‘ﬁWto

condi tions or t e purposes described above, or sonetinmes for m xing.
such t heyeram\@ m;tmf—amaleﬂaw compolatmesley supdividingahe flowlinto qhaaegle mhigh aﬁamgelrube

Che boundi GRof PP e i S AR red e SRR SRR, lorkRAph LB fhrBl Bl RES A

t he boun |npac boun

| ayer as 1ﬂdre£§%&ﬁ§tdnhémf thd ﬂo&vh@tx@aél@aeﬁlleptcaﬂhe pﬁfechxlisﬁb type conditioners,
al t hough these can be used for mxing in turbulent flow conditions, they

are ineffective at solving the problemof thermal gradients at the boundary

ool ani |
I'n lamn 910\’\5 -B% rdtéd Q%Zf}'b%@f&\(/rpd?ltlér{%% % aéﬁéﬁéde@ﬁh m&qglﬁ%n{(gf%ohpféﬂw g

| ayer fI n pass rou unaf f ect in lamnar flows
when t he nbmmdaarﬂowfawad tmha;nm@ thepeam:zit eclotitprprofile. walllis ist acheewdd by using

reattach in such rrral gradient..i s erv d

[ 0012] ThiPeHeaHoBe M P Pt b BBt e da o it ab Al Fate B EFERRer ey

convent i @R} is redistributed as a result of the pressure differential across the plate and turbulent mixing
of the jets downstream of the plate produces a flow velocity distribution that is essentially

uniform and free of bulk non-axial flow components.

[0010] Tab-type flow conditioners such as the proprietary Vortab device, use tabs 1 to
generate large vortices that mix the flow, destroying any bulk non-axial flow components that
exist upstream and redistributing the axial velocity profile. These vortices then dissipate
downstream so that the velocity field presented to the meter is improved relative to disturbed
conditions that may exist upstream of the device. An example of a tab type conditioner is
shown in Figures 3a and 3b.
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tab-type conditioner has a group of four tabs at each of a nunber of

| ocati ons spaced along the axis of the conduit as illustrated in Figures 3a
and 3b. Lwokprygpsasaaen t he conduit, the tabs 1 from each groas2@nmowbs gned

wi th one another as shown in Figure 3a. Therefore, in the zones 2 between
the tabs, the boundary layer at the wall can pass through undi sturbed, as
shown in Figure 3a. Furthernore, when the |am nar boundary |ayer 3 is

forced o e wal r e
creati ngwglmci rcu*\’ F?g%ﬁgegggggﬁgﬁgggg %%ﬁie&% aéﬁﬁ%ﬁe ta%ﬂg%nﬁé& &fthe
i 11 ustrapgdcular piodlene of theimaA ghdights attabe |brouhdmvyd| "nlmysamrmirnfaﬁyrriep]'d}edflhw d

trapped in the zone behind the tab w on t he te e ture of
boundar yturer flowgradioms donthe pumeses f‘é’rﬂbow of spste I BYE8gnt ?Sﬁmbhe

reattach g bau Qﬁﬁ[:% FY %ﬁd&sm{l%qgg]p%ﬂﬁ:tutﬁrﬁ)lﬁﬁieﬁ{ & hhh@®! dribe bied1& 260 Nehnef
twoflw s7or t onobgenl zat | a sin id in aconduit, the latter
i ncl udi nepreltpiniecsadrt oot tesigredpormixuthe ﬂoedpsdnsttmhtthmhoundanebvelemﬁzhng@rlsave| n

| am nar Llow condi tion staEmc mx rs are known.tha a e made up f. arrays

of pl anattis MAaFY, Qi thy 5‘§‘al LH’éi@ryb §eads & %asé%srﬁ?lr% Hheseasn < é) ate gnd,

bl ades afabagﬂ@ébrﬂm(ﬁlefsahw&ign thé’setcﬂ@b@nsdaoﬁohﬂmg%turblheﬁteﬂdib aoegtibnptiegl |y
being at 450 to the conduit axis and 900 to one another, as illustrated in

Fi gures &g ingfecsle amzivmgdhgprthqnﬁ thgrmg] aeadienis @ the bewnday in jamingidieWsn a
I
single AR nPl)gcaﬁge ¢ P esré\n&i?eh%(rgaegs%gcﬂteqﬁé Bo&dak Oa?ﬁlshg\? &n %ﬁ%se{ﬁp&%/%ﬁtrg‘ 1v91fy

t he bl ades”at 8 0 one

verti cal ﬁlnaﬂ"e@t’edrmrdéﬂﬂrf lagiinar €loWis)vheg, thé Mmdhiyyplayafbemmar sepantdderan mzzrwﬂé,d
of several sub-assenblies with the bl ades of _one ;gb ssenbly at a different

angl e t ot 4519 R Featiatiuiasunbp yvaydhaitbuthernalraradipaias Raresprvedy s
characteristic of these mxers that the bl ades extend conpletely across the
conduit and when vi ewed | ooking down the axis of the conduit, they |eave no
unobst r uft0d2] ar ea Tbis can bailyistrated vathglefererssdg e tabftypandmbitioridrowA Cenyentibhajur e
53). BR E t}SIIgJe con: 1t10ge::r }-Il-zli_éEa flgrl(\)l\l{EN}-%our tabs at each of a number of locations spaced along the
axis of the conduit as illustrated in Figures 3a and 3b. Looking down the conduit, the tabs 1
from each group are aligned with one another as shown in Figure 3a. Therefore, in the zones 2
between the tabs, the boundary layer at the wall can pass through undisturbed, as shown in
Figure 3a. Furthermore, when the laminar boundary layer 3 is forced off the wall by the
presence of a tab, it reattaches downstream, creating a recirculation zone or dead zone 4 behind
the tab. This is illustrated in Figure 4 for a single tab in two-dimensional form. The fluid
trapped in the zone behind the tab will take on the temperature of the boundary layer 3 and

hence a thermal gradient will still be present in the reattached boundary layer 5.

[0013] Another related field is the mixing of two fluids or the homogenization of a
single fluid in a conduit, the latter including application to temperature redistribution in heat
exchangers. In laminar flow conditions, static mixers are known that are made up of arrays of
planar or curved blades. These blades are combined in assemblies, with blades arranged
alternatively in two or more planes, these planes typically being at 45° to the conduit axis and
90° to one another, as illustrated in Figures 5a and 5b. Additional planes of blades are often
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[ 0014] The i nvention described in this docunent is used to alter the flow
conditions in a conduit such that an ultrasonic flow neter can perform nore
accur at elwoiznidsesizam nar fl ow regi me. The fl ow i s condiPCirarsed 11091694

di splacing and m xing the fluid at the periphery of the conduit such that a
thermal gradient that exists directly next to the wall of the conduit is
subst ant ingluded @13 singlgaesgmbly a%lllquﬁtrqteal in Figyta @-s In g singhorsserablys als pbihe blades

nd” act oaF PRaP8 ARFRkshetP e b d BNl TR BRI R E OB R 1
DRAW NG @Q;Oﬂ;@}:l asf trmeeramap rmaayrhprjsedr afMsengsal Suteageembies adthetﬂaobl’adanbf @het he

I nvention and ef er ds of practicing the |nventlon |IIustrated
in which E"@G‘P@{ gferf}&t fE° anath f‘rféPg%ﬁS‘Em irs showare F 1%“(5‘%?1 eltig

shows a cﬁ{a}a‘aferﬁﬁ& of #M28e Rlikéak gl*iﬁt?ﬂ@f)}adéso%gﬂcl: tSHpret §&1€%¥Sth@ CBB&Q{ aﬁJ tvhen

perforated plate conditioner. [0019] Figures 3A an ow a prior art tab
type condewednepking5down the ax1s of the conduit, they leave no unobstructed area for

straight-through passage of laminar flow (e.g. Figure 5a).
BRIEF SUMMARY OF THE INVENTION

[0014] The invention described in this document is used to alter the flow conditions in a
conduit such that an ultrasonic flow meter can perform more accurately in the laminar flow
regime. The flow is conditioned by displacing and mixing the fluid at the periphery of the
conduit such that a thermal gradient that exists directly next to the wall of the conduit is
substantially eliminated. This in turn results in a more consistent relationship between the

ultrasonic transit times measured by the flowmeter and actual rate of flow.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

[0015] In the accompanying drawings, the preferred embodiment of the invention and

preferred methods of practicing the invention are illustrated in which:

[0016] Figure 1A shows a prior art tube bundle.

[0017] Figure 1B shows a prior art vane straightener.

[0018] Figure 2 shows a prior art perforated plate conditioner.
[0019] Figures 3A and 3B show a prior art tab type conditioner.
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WO 2012/ 057817PCT/ US2011/ 001694 [ 0020] Figure 4 shows a single tab and its
effect on a |lam nar boundary layer in fluid flow [0021]Figures 5A and 5B
show pri ovoant2/sisares of a static m xer. [0022] Fi gure 6Pshasgoipoimp4 ar t

bl ades of a static m xer with additional blades conpared to figure 5.

[ 0023] Figures 7A and 7B show a static m xer of the prior art with several
subassent02€k wi t hFighee dbetesa singlsiab aud dls séiest 9n p daraingr beundant laxerineluig
anot her ﬁubassenbly. Figures 8A, 8B, 8C and 8D show the effect of ranps on
t he boun gﬁyy | ayer of Figure 9 shows a side view of a cross-section of an
apparatus of the present Figures 10A, 10B, 10C show a transducer housing

for transm tting ultrasound Filgures 11A anfi 11B show ranps form ng
di ff er entO0Rbhy7 i gur EigugasSA and 5B show prior art plates of a static mixer.

[0022] Figure 6 shows prior art blades of a static mixer with additional blades compared
to figure 5.
[0023] Figures 7A and 7B show a static mixer of the prior art with several

subassemblies with the blades of one subassembly in a different angle to another subassembly.

[0024] Figures 8A, 8B, 8C and 8D show the effect of ramps on the boundary layer of
fluid flow.

[0025] Figure 9 shows a side view of a cross-section of an apparatus of the present
invention.

[0026] Figures 10A, 10B, 10C show a transducer housing for transmitting ultrasound
into a fluid.

[0027] Figures 11A and 11B show ramps forming different configurations.

[0028] Figure 12 shows the effects of an outward sloping ramp and an inward sloping

ramp on the fluid flow.

[0029] Figures 13A and.13B show ramps in juxtaposition to each other in different
relationships.
[0030] Figure 14 shows a first array of ramps and a second array of ramps downstream

of the first array of ramps.
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[ 0028] Figure 12 shows the effects of an outward sloping ranp and an inward
sloping ranp on the fluid flow [0029]Figures 13A and. 13B show ranps in

j uxt aposiwoanizs7saach other in different relationships. PLOABR}FIogeDE 14
shows a first array of ranps and a second array of ranps downstream of the
first array of ranps. WD 2012/057817PCT/ US2011/ 001694 [0031] Fi gures 15A,
15B, 15C and 15D show ranps extending up and down from a shared pl at eau.

[ 0032] Fi ggegs 16A pAORANK 168 SBOWAATRS shitrafbS RHRBAELGS arkY adnf $4 @

br ace.
shared plateau.

[0032] Figures 16A, 16B and 16C show ramps that are supported by a central brace.

[0033] Figures 17A, 17B, 17C, 17D, 17E and 17F show ramps of different

cross-sections.

[0034] Figure 18 shows ramps at multiple locations along a pipe's periphery.
[0035] Figure 19 shows a photograph of a conditioner of the present invention.
[0036] Figure 20 is a graph showing meter factor as a function of Reynolds number and

temperature without the conditioner of the present invention.

[0037] Figure 21 is a graph showing meter factor as a function of Reynolds number and

temperature with the conditioner of the present invention.

[0038] Figure 22 shows a conditioner of the present invention.

[0039] Figure 23 shows a portion of a pipe with a conditioner of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0040] Referring now to the drawings wherein like reference numerals refer to similar
or identical parts throughout the several views, and more specifically to figures 9, 13a and 13b
thereof, there is shown a flow conditioner 10 for displacing and mixing fluid flow that defines
an envelope 12 in a cross sectional direction in a pipe 14. The pipe may have transducer sites

or recesses 24 for transducers of an ultrasonic flow meter 16, or the transducers may be external
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[ 0033] Figures 17A, 17B, 17C, 17D, 17E and 17F show ranps of different
cross-sections. [0034] Figure 18 shows ranps at nultiple |ocations along a
pi pe's pewOphevos78170035] Fi gure 19 shows a phot ograph of paTaseditvdwoer of
the present invention. [0036] Figure 20 is a graph showi ng neter factor as a
function of Reynolds nunber and tenperature w thout the conditioner of the
present iransdnedrsdsuch] GOSE] M glamp-on typs melgrsagibpeshdwnribe autsisle afdbe pipcakd, or

) o A TATShSR LTRSS SRS STl ARRaFNRY SHEREF BEpd 5,

i nvent i othe cbAOBBhdTingdyr e WB3d SHOVEpipe DOEPplRAtIGs thatRlopeot Wilibe Bowaneteisi oner  of

the present invention. DETAILED DESCRI PTI ON OF THE | NVENTI ON
[0041] The conditioner comprises a first ramp 18 adapted to be disposed in the pipe 14
and extending from the outside of the envelope 12 inward toward the center of the pipe 14 in a
downstream direction with respect to the fluid flow and forming an angle between 0° and 90°
relative to the pipe's inner surface 20. The conditioner comprises a second ramp 22 adapted to
be disposed in the pipe 14 and in juxtaposition with the first ramp 18. The second ramp 22
extends from the outside of the envelope 12 inward toward the center of the pipe 14 in an
upstream direction with respect to the fluid flow and forms an angle between 0° and 90° relative

to the pipe's inner surface 20. The first and second ramps 18, 22 are adapted to be positioned

upstream of one of the transducer sites 24, in applications where transducer sites are present.

[0042] The flow conditioner 10 may include a flange 26, as shown in figure 22, having
a face 28 which attaches to the pipe 14 and an opening 30 in the face 28 defined by an area
through which fluid in the pipe 14 flows. The first and second ramps 18, 22 are attached to and
extend from the face 28. The flange 26 is attached to the pipe 14 upstream of the transducer sites
24. The flow conditioner 10 may include a third ramp 32 adapted to be disposed in the pipe 14
and extending from the outside of the envelope 12 inward toward the center of the pipe 14 in a
downstream direction with respect to the fluid flow and forming an angle between 0° and 90°
relative to the pipe's inner surface 20. The conditioner may include a fourth ramp 34 adapted to
be disposed in the pipe 14 and in juxtaposition with the third ramp 32. The fourth ramp 34
extends from the outside of the envelope 12 inward toward the center of the pipe 14 in an
upstream direction with respect to the fluid flow and forms an angle between 0° and 90° relative
to the pipe's inner surface 20. The third and the fourth ramps 32, 34 are attached to and

extending from the face 28.  Figure 23 shows the conditioner positioned in the pipe 14.

[0043] The first ramp 18 and the second ramp 22 may be in spaced relationship with the

third ramp 32 and the fourth ramp 34, respectively. The flow conditioner 10 may include a
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[ 0040] Referring now to the drawi ngs wherein |ike reference nunerals refer
to simlar or identical parts throughout the several views, and nore
speci f i cavbyot2sfsigures 9, 13a and 13b thereof, there i #CThisesmiaofebow
conditioner 10 for displacing and mxing fluid flow that defines an

envelope 12 in a cross sectional direction in a pipe 14. The pipe nmay have
t r ansducgrpSi8tand adfifth sarep 36 gttachefide and gxteadmarfeom thesirip) 38 Abe irgt rampwl Snist er

16, or t sduc ext : J i
ol anp- ori B R G REn hehTRE St b GREH BB S DI BE Bk Dnm 18,
wher e t handcthw fifth riip 361 Tledlfimt tan@®inagbe imbsaidsavith Ak sedond ranip 29 and gk thirde

Ty, th ditio] , b d wt [ [ plicati that d
ot ut || 1 14 i) REULI<Gis (kg e haomE T OHEAEORER e QULAAT Urth s M

adapt ed 9 sbesdigpesefd é%eﬁtﬁfﬁym RE a%ig;'ﬁ'ﬂgf eI JFehd di%%?@fﬁeﬁagiedﬂ ©dmt he
envel ope 12 Inward toward the cgnt er of the pipe 14 in a downstream

di r ect i othewnrteh surdapedtofitioe pipe 1#] ui d fl ow and fornmi ng an angl e between 00
and 900 relative to the pipe's inner surface 20. The conditioner conprises
a second ranp 22 adapted to be disposed in the pipe 14 and in juxtaposition

with thejobgapt ranm R enfidRiBORIRE iFsafin P8 Rpositidaed AloAxdilkCarRinPatBlePvithhe

envel ope 12 inward toward the center of the pipe 14 in an upstreéam

di r ect i oewpeond raispddtinmpothpreembadinent, i fupldsacondmhishandhiguehpeanpeth 28, 3hd
90 rel at} (o) LRE'.S | I, SHIf . T i rst. an cond r- 8,
22 are b bR DSaPote G S BTGy et BoR SRt B,
i n appl i figt,isesumdydhirdeant rfansidtiegss 19, LR s34 have s soitfacd ADdloddittof theuid flow
conditioner 10 may include a_flange 26, as shown in figure 22, having a
face 28 WAICBAS I&‘fttté’ér?é@?\ﬁnt‘%ﬁgﬁ%g@ﬂﬂ%nd an opening 30 in the face 28
defined by an area through which fluid in the pipe 14 flows. The first and
second ranps 18, 22 are attached to and extend fromthe face 28. The fl ange
26 i s atl08dhled t o Whth pigenct4odestesetim d3b,tlHe 16a-dhd dud 82, gietfast @mp Mhmafy| ow

conditioner 10 may, incl athirdra 2 adapied. to be di ed..in th

i pe. 14 B el i L6y shibgiCarse: SRORHE dot fatihes PRI Gttt ne
center Ofbdub@icRViBg okF4hd fand 10 NNHHE SRIDiGH Al Fh oY Eé‘?dsﬁiiﬁﬁatin parahfiayith thed

fl ow and fornlngban angl e between 0 and 90 relative to the pipe' s inner

surf ace Dot rampel Landvith tesecangyramp2iid elternfing fashion sp tsae isdagpeesiof abopkthe
ot . . ey Cionwith g .
fouren: o uidih bE\Ge BAS LA Bl Bl debth 3RO Bl DA e ob Pyt TR 1E 08

t he centefframps hlignediviieh théd spatesbBetwesh (eafifstict 6Ctan(3, ad showhés figate 220 Thbdirst
fluid flowfamd forms an angl e between 0 and 90 relative to the pipe's inner

surface OO FPRWSPIAY KIS FPIIEISHER R the nBsrsurfgee ofthe ping 14t gegoaKth the

ext endi ng.chf LBt b arkiRGK cadingrd St Ward 3o HRANRer s GO 'Eir‘?gﬂelu &Oﬁ&%la%?%hn
the pipe 14. [0043] The first ranp 18 and the second ra 22 may Dbe in

spaced ribkdirstoasiirpmps edsentidlytthimingthepp 8@ daitupetofie hilband thersaognd3s¢t of ramps
respecti %%ln}/rig t-lll-ct,] ﬁo%\?v\évrdc s?cl;];gei (gtl R kil i%loreggrx tci) Hl%l ci‘{ge%tign _o? flow. The second ramp 22
may extend continuously from the first ramp 18, have a strip 38 between them, or have a space
of from about one to two inches to about 1, 2, 4 or even 6 feet depending on the boundary

conditions and flow.

[0046] The present invention pertains to an apparatus 11 for determining fluid flow in a
pipe 14. As mentioned above the pipe has transducer sites that may or may not have

transducer recesses 24. The apparatus 11 comprises an ultrasonic flow meter 16 having
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strip 38 and a fifth ranp 36 attached to and extending fromthe strip 38.
The first ranp 18 is attached to and extends fromthe strip 38 with the
strip 38 wozprssdsibet ween the first ranp 18 and the fifPoTAS@1861690he
first ranp 18 may be in series with the second ranp 22 and the third ranp
32 may be in series with the fourth ranp 34. The first, second, third and
fourth raapduass thap communiatamythahe St dowveint thaipige i tTp 28 Qﬁ@bcglﬁne@ifwméut

1/ 5 of t{j}]%{edé r%gtgéngﬁ%c%g r%ﬁ{) Qi :ﬁfp%e%?f rg}m rggsfgné}grcoﬁ{fﬁ éate §th ongs pﬂ@\?

14. [004 ositione e and

i n paral thedughl the ttdnedwet adtdsdeama. Zde dp@a@nsst hErcoﬁh@'ﬂgKi;l argloty, coikitidriex SIO, for
second, third and fourth ranps 18, 22, 32, 34 have a .surface 40 ef<cgi),ose,d to
the fIui @splpging and srixing the geid flaw {hat definasterenyplopelil Adma crase-sestiosel diseeligng,

L T

fderow I'S "not
r ef er encimwaed fomgind g ctdtar oflthb pipk4 4 if 2aloWndtreama di2@gtionhveith fespdct toahp flu fiewy

have the sgecond ranp 22 direct behind . it or offset behind.it
| nat ancedbt FEmINg { Ang §tb§ﬁwno¢°y %‘Hﬁg{)pf%“‘(ﬁ 9t the grps HInEL S facs %‘Lgﬁ?. flaw

Addi ti ongdndfiHRs 1 MRYs P&cBRS tnh PP dptedB R diglosdd ﬁ'ﬁhé PReflidrantl if ARRapbSitidnd
with the second ranp 22 in alternatlng fashi on so theré is a space of about

t he wi dt witbfthet ﬂ‘met tramppl & dhoveenond sampp 22 extendoiremahe outhide of dietenvelope d2 inweardof

]E ??Ef gg{' I %?d hgn%eél ke, Stg tﬁ%tgw??f A { n?rgmséreg?e&%ﬁgg%g VE’I regg?c? I?eehm%eﬂow ¥ad

extend UL Ef ahgleWetwiRniOn A 99ufdiaaﬁ@t@ih d;blpepirmer dutfLee 20he flange 26 Wi th
the second set of ranps extending dowmnward to the inner surface of the pipe

14 or flange 26, with the first set of ranps essentially formng the upward
sl ope of Il an ﬁg& ?PBSE f
the hill [0% egar dﬂ}t%ﬂ?ﬁg ?gtc‘?]?%ﬁ%?g owltfe%%{g gsggﬂglrarrpx%&ﬁ%ﬂy@%% end
conti nuou&glm frecadapted thi bespositiomed hpstrbau eofeorst ofi the Itanbddose sites Bém Ther florave
a space of from out . one.t i nches to abput 1 ven

depond niPEHaRE (D OERpice bt diwniea disPngn betvesh 8 2d SoHuBERE ST0ERIPeon
pertai ns14 GpARaAPRGhahd adsiul Q@ sitded £ IRNBLEY tHel ditdndel ANV b8 16hgRt BEshbtter an
menti oned above the pi pe has transducer sites that may or may not have

t r ansducketweert29nd 5 dinmetire ofithearipg L depershingen thesirgnmglangessoni ¢ f 1 ow net er
16 having -9-

[0048] The present invention pertains to a method for determining fluid flow in a pipe
14. The pipe 14 may have a plurality of transducer sites 24. The method comprises the steps of
displacing a thermal boundary layer in the fluid flow in proximity to the pipe's inner surface 20
with a first ramp 18 extending at an angle between 0° and 90° from the pipe's inner surface 20.
In an embodiment where transducer sites are present, the first ramp 18 is disposed upstream
from one transducer site of the plurality of transducer sites 24. There is the step of sending an
ultrasonic signal from the transducer of an ultrasonic flow meter 16 into the fluid flow. If
transducer recesses 14 are present, the transducer communicates with the fluid flow through the
one recess. There is the step of displacing the thermal boundary layer in the fluid flow in
proximity to the pipe's inner surface with a second ramp extending at an angle between 0° and
90° from the pipe's inner surface and in juxtaposition with the first ramp. There is the step of

calculating the flow from the signal with the flow meter 16. There may be the step of displacing
-10-



transducers that comunicate with the fluid flowin the pipe 14. In an
enbodi nent where there are transducer recesses 24 present, the transducers
comuni cawve wiZds7gihe fluid flow through the transducer PeTaAS3®EI/02%94 The
apparatus 11 conprises a flow conditioner 10 for displacing and m xing the
fluid flow that defines an envelope 12 in a cross-sectional direction

havi ng athitherma} lamndm liyepwsba seponcheany peextanding absn englp rbgtwqe@rﬂ%ané 90°
outside pf the envel rd,tpward, the

downst r eLRTE das D o i aDend BHRRE b BrGaRIlonchish B Mircredib 1

bet ween Ggktrafd 0¥thd €Adbuceesit@ the pipe's inner surface 20. The flow

condi tioner 10 has a second ranp 22 adapted to be disposed in the pipe 14
and in juxtaposition with the first ranp 18. The second ranp 22 extends
fromthe |de o] j s r f 14
in an upgpggan1dlrg2% §ﬁ§g¥ eggggéég?ﬂggigH%ﬁﬁgdgaBgﬁggﬁgﬁgﬂ?gggébgthﬁ@
bet ween D.arlthe dB:thad amiprises thetstuqas pf displacing aehersiat lbfauﬂag(laye{r()ﬁ)tlﬁ]ﬂmd dow in

enbodi nment mhere1%rans ucer :% ) re pr sent, Eg i rst nd ranps
18, 22 apex C PPATPTSTERG SEhrn 18 fenihgalot amEaRO TP oo
24. The £Ad0% R ki @B@i inhBr WeHcE 2bypns@é 1syth@§eﬁ“o§98?ﬁgln§ tH SleARfMSORRINGEN

5 and 15 di aneters the pipe 14 upstreamfromthe transducer sites 24,
al t houghlayérewih 9tsammi ramp b%exton@}eg apan gh@‘ctbetwetenaﬂﬁ’ 4net A8 frors thgpipe's inner

ot ofirfis lEnd RBoskd in RAGRRNS Bl WS ST S B fuiely WiC B0 EarB T3S

pi pe 14 p@pd Bawmﬁd@é@aﬁbmmmetﬂ@@sduﬁ@h thé {1BRr gdrfactin mhhrpcbecmrmd thes
the steps of displacing a thernal boundary layer in the fluid flowin

proxi mi t $ecerd famp H peshing tha duidiprtpyawdsthe igpensusface 2@ of theipa.g ext endi ng at
an angle between 0 and 90 fromthe pipe's inner surface 20. In an

enbodi nent where transducer sites are present, the first ranp 18 is

di sposed[0888) r eam Tir dr apeeationactstheciavergione thef prickent phwnaibhtiy ddxiact'ed an sdfleer

sites 24. There is the step .of .sending an_.ultrasoni.c sign
t r ansducEnagfonipe dviges devigneditp SRPrYE Ll RETeTmagCcs u‘FPiﬂ“g‘ 1‘39

]E Ir ang d?fﬁéw{cﬁﬁ(ﬁﬁ§§§ E‘ﬁe BERCcPESRIRNns thd oW 5REMEI WA an GSEREN Gﬁltaﬁﬁ)s‘ﬁb§1§néd16
ul ow rou
create radlalgmovement to displace and mix the fluid at the wall of the conduit. Relative to the

?e|r§ n lammar

direction of flow through the conduit, the ramps slope either in towards the centre of the
conduit, or out towards the wall of the conduit. The inward sloping ramps force the fluid in the
boundary layer in towards the centre of the pipe 14, whereas the outward sloping ramps force
fluid towards the wall to displace and mix with the boundary layer, as illustrated in Figures 8a,

8b, 8c and 8&d.

[0051] The method of use involves placing the conditioner in a conduit upstream of the
flow meter 16 to displace and partially mix the flow in the boundary layer. The distance
between the conditioner and the flow meter 16 is long enough to reduce the hydraulic
disturbance observed at the location of the flowmeter, but short enough to ensure that
significant thermal gradients are not reestablished at the pipe wall in the intervening section of
conduit. The conduit surrounding the conditioner, the flow meter 16 itself, and the connecting

conduit between the conditioner and the flowmeter would preferably be insulated such that heat
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one recess. There is the step of displacing the thermal boundary |ayer in
the fluid flowin proximty to the pipe's inner surface with a second ranp
ext endi ngvaetommsasigl e between 0 and 90 fromthe pipe' s ipomars2sanbmee and in
juxtaposition with the first ranp. There is the step of calculating the
flow fromthe signal with the flow nmeter 16. There may be the step of

di spl aci tmglsfemaetwqenem hatside|and shedenrtonts af the pipe h4 &s sériperds afip ilpsteiion edi ng

00 d .90Q..f d
" Tt et i Ry g s PhRR Rk P ERRG FERaf Be TR Prose

site. [0049] The present I nvention pertains to a nethod for determ ni ng

fluid flowin a plg . The nmethod conprises the steps of, displacing a
t hermal W982ary | l)géfesl H0a, hdbr pad d O | rsRresentp? JransdyssT thouping %F ptéanémlnﬂﬁgr

surface &Qra%uglg ifieofd *lﬁtd ds ﬁar?élttﬁ%ﬁl glo%né%é} a1p ?e @ste}’l\ﬁﬁgn Qe&n@ 19@wf)r om

t he pi pe" s 1nner sur e step I spl aci ng the ther nal
boundar ydlha:yxaanOhly als eemlngl thanthreZZdlmdnemdalngemmetan mggmeealbem\me mompdﬂd 90

fromthe pipe's in rfac ed in xt aposi tion

first ratfyolae gs H’tdflﬁ ) gon uI‘lte ﬁ ‘iic@ ctf?tﬁljﬁ‘g” q@b‘ﬁ‘?fgdel}gy eé'gr e
pushi ng &ﬁgnhw ko ‘H%erfs'id?ﬁl I:;Q@ seﬁeseweﬁ% hﬁgerat%qh@flameoﬂ%@gr&e«ﬂerﬂnqntm ure
second ra ushi ng luid in toward he i nner surface 20 of t

pi pe. [ oummertemperaopeoﬁtﬁlc cb‘lruld)rfs horre)gﬁmmnddhe utttaeowdetswis in ra\i’ermtiil@hthiatsls

of 'l tr aRSAPE iR e PR AR g R R R R i PR TR

the flows8¢ranan e tthidin 1B seithd of thé coriiis Thatnethetdisarlepdrof flail ﬂéxt to the
novement to dlcssﬁgace and mx the fluid at the wall of the gg@dult JIr tive

to the dpipesailshatses a higher anlowgttemperatyn thanthe g af thessniss oiibe pineHéy
vt e BRSHS: le HOR 5O ot hOURASBLIIE kil AU
t he cent aﬁhefaybhﬁ ﬂm@ﬁex]mo thetpdpeeaall.t IGoneedueatialys tlmmet@ltxyaxﬁpwrfcknlmg thf: pa'ith
;[ F}Aﬁ;? f a%’ taavwﬁ %:qhtﬁgllltge{gg ggw?gcha:s%ﬁ al\{\%ﬁle u tQaGSOBgéI wdﬁ1 Xdera erﬁac?ion causing a
change in path angle. This can be illustrated further by example. In reality the change in
sound velocity would be continuous but here for the sake of simplicity it can be assumed an
abrupt change in sound velocity occurs at a short distance from the pipe wall as this serves to
illustrate the principles at work. Assume that the ultrasound leaves the transducer housing at
an angle of 45° to the axis of the conduit, that the sound velocity of the fluid in the cavity is
1470 m/s and the sound velocity of the fluid in the centre of the conduit is 1463 m/s. This
would correspond to a difference of approximately 2 °C in fluid temperature. From Snell’s
law we can calculate that the angle with respect to the pipe 14 axis will change to approximately

45.27°. This change in angle is significant in terms of high accuracy ultrasonic transit time

flow measurement.

[0053] Now consider the case where the thermal boundary layer is displaced from the
wall by means of aramp. If the layer of fluid that is at a different temperature from the core is
prevented from reattaching to the wall, as illustrated in Figure 10c, then the transfer of heat

between that layer and the rest of the fluid will be increased. Furthermore, the detachment of

-12-



[ 0051] The nmet hod of use involves placing the conditioner in a conduit
upstreamof the flow neter 16 to displace and partially mx the flowin the
boundary wayer205T¢1e di st ance between the conditioner an#crhms2diiomepet er 16
is long enough to reduce the hydraulic disturbance observed at the |ocation
of the flowreter, but short enough to ensure that significant thermal

gr adi entthe daver from the aadlablows Weifleid in Hee ¢aivie tawsitain ithe same tempeiaiunahhedBid i on
of conduit, The, co |t _surryoundi the c Ltignet,. t f : .

Cusel t e paeg Sk bR OB P, et rs B0hdip  Bfer oM Rer

f 1 owret efemyrande Ppraeer abthy shearhnetbRitetle SteRotmbtrobeatthe layer rdfraatish @ccurs
bet ween the outside and the contents of the n

t h ipe 14 s m ni.m zed.
i | | ust r atiem aBd theraeleafiesycls Oab’éhagg%quﬁhlmtﬁe %Yﬁﬁlaéllg‘.s"rﬁﬁedd’é BREd 'St her mal
insulation 51 may be utilized. [0052] Figures 10a, 10b and 10c represent a
transducer housing for transmtting
[0054] The above description shows that it is not necessary for the conditioner to

completely homogenize the temperature distribution, it is sufficient to displace the boundary
layer close to the wall. This means that ramp elements used in the invention do not need to
extend to the centre of the pipe 14, and would typically be no more than one fifth of the conduit
width in height, as illustrated in Figures 11a and 11b. As the elements do not block the central
passage of the conduit, this leads to less pressure loss when compared with laminar flow mixers
that are designed for the separate purpose of mixing the entire cross-section of the flow. This
aspect of the invention is particularly advantageous when the application conditions span a

wide range of flowrate and/or Reynolds number.

[0055] In order that boundary layer reattachment is prevented from occurring as
described above and presented in Figure 10c, it is necessary that inward and outward sloping
ramps are deployed in combination. When deployed in this fashion, the fluid displaced
towards the pipe wall by the outward sloping ramp is then channeled to the rear side of the
inward sloping ramp as illustrated in Figure 12, where the flow is into the page. This requires
either deploying the ramps overlapping as illustrated in Figure 13a or with the inward sloping
ramps placed a short distance upstream of the outward sloping ramps as illustrated in Figure
13b. In addition to the intended displacement of the fluid from the boundary layer, this

configuration of ramps will also partially mix the fluid by inducing turning motions in the flow.

[0056] In some situations one array of alternating inward and outward sloping ramps
may suffice. However, in other situations, such as creeping flow at very low Reynolds
numbers in the laminar regime, it will be advantageous to have additional arrays of ramps
placed downstream of the first array. Additional arrays can be advantageously positioned such

that a second array of inward sloping ramps is positioned downstream of the first array of
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ultrasound into a fluid as part of an ultrasonic flowreter. The
representation here is in tw dinensions only. Inreality the three

di mensi onab 292008817y i S general |y nore conpl ex, invol vi rRgTaiseyiionsps ca
conduit wall and cylindrical transducer housing. However, the sinplified
t wo- di mensi onal case serves well to illustrate the nature of the problem
| n Fi guriowaBhsloping rempneugh thas tlof fluidethay igi displaced dsawawis dbe pipgrivalt e the first

ultrasound trave|ls iin.a .direction that..i rpendi cul ar 28, -of

t he tran%rEﬁXcgfoﬁg‘m{ nYOPIRR, TR 18 t&&‘b,d‘i“iﬁecggi%“gw\%a |!’>?§h‘%1§f %Jehr% %’?&gol elg

t han t hearfdngblentis fiRGtraedid Bigafe IMNeTROWath hnd dipes of the earifiangy bsvaiddayietin of
fluid next to the pipe wall that has a higher or |ower tenperature than the
fluid atthe seopedtitheaingentidhe pipe 14. This in turn results in the fluid in
the cavity in front of the transducer being at the sane tenperature as the
| ayer of fluid next to the pipe wall. Consequentially, the velocity of
sound al [90§7]t he palnhaddftidnrtavied simiplet Veesiohs shasmuindfigwenbia andriSbatie ramps mag

Can b1 P4 oV TISTAPO BSeveati Ene Fifl  EPrp o dribt BBl oG ph A
vel oci t ya Wat hEnb8 sEREd hRQUSsuB bs BREWn Tﬂ%ur&@%a? aks, Pic sidPid 6f tampsttheldre be
|

assuned an abrupt change in sound velocity occurs at a short_distance from
t he pi pesuppbitecadyt hicentsalr bmase s shbwnsinr Bigarashogr i6hc ppd ddcat Fuhgrmore sthae

that the ultrasound | eaves t transducer. housi ng_a I f he
s of e ERPEthe Pt o e e B p SR g VRl Bt e
1470 1 sjjpBeattdm sapediwelacity of the fluid in the centre of the conduit
is 1463 rn/s. This would correspond to a difference of approxinmately 2 Cin
fluid tenperature. From Snell's | aw we can calculate that the angle with

r espect e pip i i ] Ly L 7 ! nge
i n angl efoi%ggfs]i gni fﬁlc%r?ll? lail)&lrrl?l}e\(,a\gf&rlrlg lt%Pl@ﬂ?,g%é %gegg?éagf;mﬁgcfg%guﬁ?é&tbroé%;g%l? lf%l/r@rre
f| ow neaspstrearandt cpl)ad] flewransdsicetesitéshe Maste higheacgutadeg trivesitméimeh olfrasaniy

| ayer is_displaced fromihe wall, means of a.r . Lf the layer of uid
that i s BewEBi S rutPAb POy WiTR TRFERP RSt BOETY Beplersaph e PR of (é
reat t achifigultOad iMGisthbd in F%uké i 81StT1REGEEre MAnfps GH4yEDd B&quited @ nti€ple aasibas. of
heat between that |ayer and the rest of the flui'd will be increased.

Fur t her nbr practidechabetvas Hitroray bsf mofieoconviehignt tykavefthe FRmpg iina | CoONBNYQHRATAY AS
fluid in, retain the same tenperature as the fluid in the

he .cavity t
centre o’f“tutc‘tﬁ%teci%ﬁc‘fé}lﬁe.ouTherefore, even if thereis a thin layer of fluid of
different tenperature present in the stream when it the ultrasound crosses

the layer refraction occurs twi ce, and the angle of travel |.s onlé Ehan ed
wi thin t H8Phyer, Bigurq Fushovaarhateerpplyay abousdaryligpediorh contiorer 44 m&% on
Shous t Ngdnelrhokd (pBRGERAM Midhlbn bl tBAGKLANE hah6ETA BbGtal ApEmaen! 2
the tenperature ISt bution, 1t Is sufef|C| ent to displace the boundary

| ayer cl ose firg pdréormat | usinghas uleasosict Aatvnregarpwisth eroe oy awretitioner t He disposed

i nvention do not_need to extend.t he. centre of .th i pe. 14 I
e cal | PP, ROTSVeR o it (g airan & eusn dimol i ReRraien el g e o
i 11 ust r aé@thnld Andbi @t E@Spdra@reddtdrduhd®0 #s  tAhaheWa iR Pigurd20, 1B mbted Gctdrh@hich

central passage of the conduit, this leads to | ess pressure |oss when
conpar edisvthe hatjcabdtwaen fHeondiented asd tehmal Hpwraless iigsteengln depandenteqyy Featperature
pur pose Qf m xi t he..entire cross- ti 1iS: fthe
i nventi OP‘YLF%H gﬂfl}r 38?‘3§Pr§mgdﬂ\?§ﬁ: a‘%é%%g vlvﬁgr{g ]{llh%ll;%p%}r%\é\%t‘}%ﬂ lggl?llglg(ﬁ 8ﬁswispan
a w de r angpedfardindwhat eadasfitherpiffe wieke shencuraitioned Gfs5dlheedo tiake tenigttabf pipe

boundary | ayer reattachnment is prevented from qgccurrin ..
ybetw%en the conditioner and ﬂowr%eter, and around the flowmeter gse?f The conditioner was

placed approximately 10 the pipe diameters upstream of the transducer sites. A second set of

tests were then conducted, again in the laminar regime, with similar temperature conditions as
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descri bed above and presented in Figure 10c, it is necessary that inward
and outward sl oping ranps are deployed in conbination. Wen deployed in

t hi s fashworpidsesi7l ui d di spl aced towards the pipe wal | Poy/ush@1oouteoar d
sloping ranp is then channeled to the rear side of the inward sl oping ranp
as illustrated in Figure 12, where the flowis into the page. This requjres
ei t her degfbrsyi Ag showen imbimire2dr itdppbpayertsthat thessensitiviy oh tr et fadar iy ol t h

the i d sl opirt I d h [ Sk f th d
Sl'opi ng. FawRet e DR AERFa R BTL sSRARE R HRE: (07T e Tt endec

di spl acenent of the fluid fromthe boundary layer, this configuration of
ranps will also partially mx the fluid by inducing turning notions. {?g t.he
flow [09964) n sontn & exaEplead gnee t and/mgter Rereyss tiﬂlj GoRGiLioReTSaS SIS R d

25 0 GO YL S 1 i o gl aptoes

flow at very unbers 1n the lamnar reginme, it w
advant agfmge Aéoripawas addfrbmom plateaof B33 thitk swepwithl aacedside dirsnateraaquak tot the

first array. Addjtional arrays can, be vant usl,y posi.tioned s that a
second af#%5y fae 1quis eéil‘%’b‘?t%rgof%lgrpglﬂezf?%i(ta%ggﬁé'&dcﬁ‘}ybﬂ?fl?éiéﬁWe f %ﬁ%’oflpgst
array ofng3- Th@‘i‘@rﬁ? 129D e MHIRSfrori URTH WaRtappiex .l 1/ubd by 57 Qistheter aesd
towards the pipe wall by the first array of outward sloping ranps _is then
di spl acetibingt thetrsleretppch bt toeclongthaf 223" amdiskottgd pareg@lnewf with 32 ¢qyatly spacgdi n

Figure 14. Th i df h d.,angle of t Lanps. | varbs it RbR pe
of the iWﬁ&?cﬁgﬂ{cu%sﬂwgg]all??ﬂgo&ecﬁppfoé‘n tl]}telg { %ﬁg}g&%ﬁg?%bér & gﬁg@‘gmm@gﬁﬁﬁ%ﬁr es
13a and &BbHwetdtBed GRSt thBYoREint@RS hidisitadrdatlahgles of About 0o hecards dfithe adbee

end. Exanpl es include ranps extending up and down from a sh rergt I,at.ea:j
such as tioun teirgmpegestifing ingp outsige araetengbayt thegams ag higiinsideo thoP‘tpS Yy
a centra qé’&%%‘é@@%aﬁﬁ‘e?%f* dbolit ?%r”eSO&efS@f tl}]lgr @%}né‘gﬁa as {Hdh WA SR of
cross-section of the ranps could be in the formotf a rectangular, v-shaped
or cur vethedthapn2é ringand tHeusheratrag atray friag webded 1@ thelother SidE088h that thegeareftyp

the conditioner, to be effective, it shoul i srupt .t.he boundary | r
ramps o? the same type In series with respect to tﬁie glrectlog of tflow. y taye

[0061] A minimum of two transducers should be used for transit time measurement.
Both of these could be on the same side of the pipe 14 (same part of the circumference) but
displaced from one another down the axis. In that case the ramps would have to cover only
one location on the circumference upstream of the transducers. If many transducers are used,
with transducer sites 24 at different locations around the pipe 14, then it is more practical to
have a conditioner that extends around the entire periphery of the pipe 14, rather than just at
specific locations. A minimum of two ramps should be positioned upstream for a single
transducer site (one pushing fluid away from the wall, and the other towards). In practice, one
pushing fluid away from the wall and one on either side of that pushing fluid toward the wall
would be more effective (produces an effect that is symmetrical about the centre of the ramp

assembly).

[0062] In order for the ramps to serve their purpose of moving fluid out from or in

towards the wall, the angles of the ramps would typically lie between 15 and 75 degrees.
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upstream of each of the transducer sites. Mst high-accuracy transit tine
ultrasonic flowreters are nmultipath devices with transducers at nultiple

| ocat i onswonotana7gier i phery of the conduit, as ill ustrat @edTius2¢iigorees 18.
Therefore ranps may be required at nmultiple locations. In practice however,
it may be nore convenient to have the ranps in a continuous array as

i || ust r aRegdrding Fhegrusten®1(or [mm])ﬁhgﬂﬁle rampss¢idonst fopHbe pipealhwall, i shaaldbar y
of ' the. cBRS §SheirenrinRelstaer RECATRRTEL e bl qoRifiohy TRARL Bl dhe o

usi ng anabd buthenh&ight? Q%Eﬁ@ﬂow tde Mgurkl10W @ondmt ¢m2plpmndnsmaed) 2 times
upstream Tests were carried out in the |aninar gllmevm
lll

t enper at the spxgnupgntesyl disgensndor apangpwidsond ’t"é)rﬁ@ disyfficedn I%Rsé aprjications: As
shown i g%géagtﬁéﬁggfeu al'llétp St PRty gg a4 fsqg fthb}’ their %ﬁgfe%ﬁ%@@i&%@@tﬁe? %xtend

I ndi cat owra I'S s rong depe nt on tenperature
no fl ow feemdhé walli o feexamples ausmg.that50 amm gigie; sf A degmbs woibk wailsmctmlton

51 d dth f the pij t pl aced,
Dhe T ongPRURH O3 AENMIE d Br et SRS PbIE P B MPBGHE LF craci AR oRg
f I owret eéxah{'pp?éa lebra 6 H{%h?)%kd E4dhORShp WashaBk 8p 8EnvAPRbOX ERiRY ﬁoﬁsﬁh& RebePativfit 1

di ameters st'ream of t he transducer sites. A second set of
inch long on either side).

[0063] With regard to the width of the ramps, they should be sufficiently wide so that
their main action is to displace fluid radially, rather than having it ‘spill’ over the sides. Inone
example, for a 6-inch pipe, the ramps are about % an inch wide, equating to approximately 0.1
D. Making them less than say 0.05 D wide would result in approx 64 ramps round the
circumference, and the ramps are becoming rather narrow. So a practical minimum width
constraint could be stated as 0.05 times the maximum internal dimension (diameter, length of
one side) of the conduit. At the other end of the scale, a width of 0.4 D would result in 8 ramps

around the circumference. These represent practical guidelines, not absolute limits.

[0064] In general, the conditioner may be made by constructing an array of ramps from
a tubular or flat piece of metal, though, it could be made from a different material such as plastic
and still achieve the same end. It is also possible that it could be made by joining individual

flat ramps together, say by welding.

[0065] The conditioner may be used by being sandwiched between pipe flanges. In
another variant the ramps could be secured in the upstream section of an integrated flow
conditioner and flow meter. Another variant would be a pipe spool with the ramps secured

inside the spool.
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tests were then conducted, again in the lamnar regine, with simlar
tenperature conditions as -14- before. As shown in Figure 21, it is

appar ent wbabizdisesigensitivity of the nmeter factor to oi PCraspanavieoe is
dramatically reduced when the conditioner is used. [0060]1n an exanple, a
6" pipe 14 and neter were used. The conditioner consisted of two arrays of
ranps wel086@l on t oTkxednditianer ofay befineayperated intorthe meteshody, sonvigngilie apder ishe
flange 26 rin ut. from l.ate. o " i |V i

i anst erbostlrPo iR ikbins BERAGS s isht gt i B RSy, SThetbpt By
8.5") angt arduasl tige fictEdueh adlleszbibed inBU B, Patent T80, 4@ Tinc@irpayted by refermde
fromthin wall (approx. 1/16" thick) 5" diameter steel tubing that were
each cutharging |l ength of 2 3/4" and slotted on each end with 32 equally
spaced |l ongitudinal cuts, with a kerf of approx. 1/16" resulting in 32
tabs, 1/4" wide by 1" long. These tabs were then bent at the roots inward
and out w@0d7lat anghAbbowgh abounhv&ddnt das hieeeax descoibed him tdelsd tin ther fierepeing

e it B A bR oI e SBeR N By
was t henuehiisshetafd eevaidRnotard BiembdSmerRiny thosskand ihfiie £t WahoutyPartihg ay

was wel ded to the other side such that there are two _ranps of the sanme type
i n seri eBomithspirtsandstonefitheinyenrtamt dxsept@s ittmavbe JesombadRyrhe falawiag claiges-
transducers should be used for transit tinme nmeasurenment. Both of these
could be on the sanme side of the pipe 14 (sanme part of the circunference)
but di splaced from one another down the axis. In that case the ranps would
have to cover only one |l ocation on the circunference upstream of the
transducers. |If many transducers are used, with transducer sites 24 at
different |locations around the pipe 14, then it is nore practical to have a
condi tioner that extends around the entire periphery of the pipe 14, rather
than just at specific locations. A mninmmof two ranps should be
positioned upstreamfor a single transducer site (one pushing fluid away
fromthe wall, and the other towards). In practice, one pushing fluid away
fromthe wall and one on either side of that pushing fluid toward the wall
woul d be nore effective (produces an effect that is symmetrical about the
centre of the ranp assenbly). [0062]In order for the ranps to serve their
pur pose of nmoving fluid out fromor in towards the wall, the angles of the
ranps would typically lie between 15 and 75 degrees. -15-
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Regardi ng the distance (or '"height') that the ranps extend fromthe pipe 14
wall, it should be around 0.16 pipe 14 dianeters or |ess depending on the
fl ow condVOI28RO5THAt the | ength of the tabs, but the 'h&CHRIS2011/401694 he
flow, see Figure 12). Alimt of 0.2 pipe dianeter (or 0.2 tines the
maxi mum i nternal di nmension for a non-round conduit) would suffice in nost
applications. Regarding the length ofc%ﬁgh@%nps, this is governed by their
angl e and the distance they extend fromthe wall. So for exanple, a ranp
that is at an angle of 30 degrees to the wall and is to extend 0.2
di aneters in towards ®h8owertndégiomer tfdsredipplpe'ng@nvl/cmbdng)ﬂuﬁi flodi tlmafeﬂeﬁmesl ang
(I'n one exanple, for a 6-.in each ' wo t ab
xt end: nGATSIBRS b COsDSEIa0 TR i P e aREP s of probiSpast Fow
regard tgndiflecompiiisthgef the ramps, they shoul d be suff|C|entIy wi de so that
thelr main action is to displace fluid radially, rather than having it
"spill" over the sides. In one exanple, for a 6-inch pipe, the ranps are
about 1/2 an inch t rQ l ' .
fhan say 0.05 D w ddiamard et B AERERENES Bk B b BnalfBii R e iibes
ci r cunf enen&felopd thwire tcﬁx&ﬁfﬂ&h@é@t&ieﬁ@m pife mod (ﬂtﬁv{/ns&&ﬁm(w\tecﬁi@n withlrespettaalthe
m ni mum wi dth constraint could be stated as 0.05 times the maxi muminternal
di mensi orfludiflayrend formiag gp angle betreces0gand 80° relaiive dp s RiPe RINNERBICREANdend
of the scale, a wwdth of 0.4 Dwuld result in 8 ranps around the
circunference. These represent practical guidelines, not absolute limts.
[ 0064] I n general, tamecmmmihtli mpredrm;behbspmadhinbhe paresinduatjixtgpesiticar willy thf
ranps fr a tub or . flat pie ou oul.d be de,from
LRG0Tt or QI ool F R cBl R ecafhe oot v e dana ey (e

al so posgbRkeot theﬁolﬂetlncaa%&r&% HRERIRYWitIPF3p&d b T tHiid ¥Rk ddPlorhdiEm angle
t oget her, say y | din [0065]The condi ti oner may be used by being

sandwi chégtwsenA@end B9 p@?a‘tllvaﬁg&@ pipe’s ianetsueiace; g st artdmcmdm@m@dme%@ be

secured in.th ream.se ane.int grated flow conditioner and fl ow
met er. Ar?o hgge#&rlha Of% %éf%‘etranslucerssleool wi th the ranps secured inside

the spool. WO 2012/057817PCT/U82011/001694 [0066] The conditioner nay be

incorporated into the neter bod so when the neter posi ti oped mnth t he
pi pe, the conditi orfer The flgm I%Ftasé?s%l?@dh%tcé%lmaké‘é‘%‘il?ga SherEngdy

be a redysed,heh &ui&Sto tb%'ﬁ]glp% iﬁl?]d AR IpEMRE S tH2 fcSde oY arf afAnA¢n which

i ncor porated by reference
fluid in the pipe ﬂows, the first and second ramps attached to and extending from the face, the

flange attached to the pipe upstream of the transducer sites.

3. The flow conditioner as described in Claim 1 including a third ramp adapted
to be disposed in the pipe and extending from the outside of the envelope inward toward the
center of the pipe in a downstream direction with respect to the fluid flow and forming an angle
between 0° and 90° relative to the pipe's inner surface, and a fourth ramp adapted to be disposed
in the pipe and in juxtaposition with the third ramp, the force ramp extending from the outside
of the envelope inward toward the center of the pipe in an upstream direction with respect to the

fluid flow and forming an angle between 0° and 90° relative to the pipe's inner surface.
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[ 0067] Al t hough the invention has been described in detail in the foregoing

enbodi ne for purpose of illustration, it isto b st ood t hat
such det ;\&ﬁzf)gmg%}gl y for that purpose and that variati %ﬁiﬂ%&ﬁl{g@w de
therein by those skilled in the art without departing fromthe spirit and

scope of the invention_except as.it may be descri be t.he foll ow ng
claims, CLAIMB 4 e How i?ndiﬂ?rrea_@kﬁ Hesciiped i r\%ﬁa!t%%ﬁﬁgrmmﬁ %Fng
fluid flowchbitPlangedre WeSpaRBd RIMBINSRP With ﬁte'iiP(?ﬁlfnlﬁﬁ&{d @B 3burt faB%, &&gghfbeﬁ/.

pi pe having transducer 'sites of an ultrasonic ow nmeter conprisi
a first ranp adapted to be disposed in the pipe and extending fromthe

outside of the envelo ipaward t.oward the cent.er.of the pi,pe in.a
downstream di recti o%‘ \?\ﬁ}eh ?‘%588‘%‘?‘0?% acshdges?rﬁflﬁdnfCEISW gn‘&"ﬁ‘%&ﬁ’i %grlgr?ngr?gflgh
bet ween Oragipcht@bhddabahd ¥ehding AOnPihp Strp, thHeTREt ratplataéiedadend extending from the
second ranp adapted to be disposed in the pipe and in juxtaposition with
the firstStHRwpth the sripdisnesed bgtyyearthe dustrgmpaahthabith tamp-de of the envel ope
inward toward the center of the pipe in an upstreamdirection with respect
to the fluid flow and form ng an angle between 0 and 90 relative to the

pi pe's inner surfacé, THeeldw rconditingerssadescribednipClaiha @t whiertim the fiystsiatnpoisdn
upstream of, one, of the transducer sites. . . ) ) 2.. The flow

condi t i or¥FeRYIRARTT5CRRYTAMP Bchihfthird sER igiih geries MithniGe TR 1hPa face whi ch
attaches to the pipe and an opening in the face defined by an area through
which fluid in the pipe flows, the first and second ranps attached to and
ext endi ng fromthe T.adde fidvecdridatmayer at dexctibedl indlaine4 piheinpetiiretascond tthied
transducer sites. 3. The flaw c i tioper .,as,.described in aim
ot ua ang b rarmp s sssppiy PR o bR aRht RS BhuRSESE o BR bt dTong
fromthe tulgietlSurdfcetofichegsipe! ope i nward toward the center of the pipe in a
downstreamdirection with respect to the fluid flow and formng an angl e
between 0 and 90 relative to the pipe's inner surface, and a fourth ranp
adapted to be di spogedp.n e. i 130 LEl QN e i .
ranp, the force rarr% gg(%eetr]l{’j\}ancéﬂ ? qug)r%g{] %dg%%r%?%ggg?a%% gﬁ%}%p‘otﬁ% ?%J\?varr p1s

t owar d t hmsumnténlongsitdendingmrallel avithuhs teceadrap.ecti on with respect to the
fluid flow and form ng an angl e between 00 and 90 relative to the pipe's

i nner surface.

9. The flow conditioner as described in Claim 4 wherein the first, second, third

and fourth ramps have a surface exposed to the fluid flow which is flat.

10. The flow conditioner as described in Claim 4 wherein the first, second,

third and fourth ramps have a surface exposed to the fluid flow which is not flat.

11. An apparatus for determining fluid flow in a pipe having transducer sites

comprising:

an ultrasonic flow meter having transducers that communicate with the fluid

flow in the pipe; and
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4. The flow conditioner as described in Claim3 wherein the first ranp and
the secongohgHsafs i n spaced relationship with the thi LedrhRWP A0S Ne
fourth ranp, respectively. 5. The flow conditioner as descri bed
in Caim4 including a strip and a fifth ranp attached to and extending

fromthe strip, the first np ached t.o and extendi ng fr

Wiih the Strip di opBsi senakRntt hE driading 20 mHivine e Trek OV st Jetined an
6. The fl emvgaRdintd &Bﬁtseéﬁom%%bthﬁﬂhdvrh ﬁkm&nMesrpgséa fohge Ei;feséndre%féfﬁdhfg
in series with the second ranp and the thir iSin series wth

fourth rafiom the outside of the envelvnelrfwamt@wd |thq an@r OQ@e@mmaﬁl@wtﬁea@ éirmtwn
wherein t first ndfour t S

a hei ght (I\}?tha It T/%ggﬁlqg n%f% eret” %l}geé %é{% 's)réo%ﬂ&k?ﬁ §eﬁ%tté‘%eaégut¥?§@e Sof

t he pipe. inner surface; and a Becoim(iarﬁb @ﬂapl&fldi e ﬂl@pdsed@n dessipé bedlin juxtdpasitiod with
wherein the first ranp is positioned alongside and in parallel wth the

second r atfs first ramp, the seco faF}Rae’ftFWg:@ﬁm the gHsidef th%%vqlwnwvﬁr@omarﬁ the
wherein t
oher et Uk e pRRARU upkiahAaioh i Ref@PRPIIANS: AoREaBEBERASH ©

descri bedbemveeh F amdi9@thelagiva td the pipefsshnersearfaced thet fivst ahdase dorfdoantph ad@rgadbtoH=y e

a surface ex osg;:l to the flu?f flow WV\hICh is not flat. 11. An
appar at us PPOHORRSUBSHEam REORG of the fRBSFUCH Siehi pe havi ng transducer sites
conpri si ng: an ultrasonic flow neter having transducers that

communi cate with the fluid flowin the Ec? and
12. The apparatus as described in Claim 11 wherein the flow conditioner is

disposed a distance between 5 and 15 diameters of the pipe upstream from the transducer sites.

13. A method for determining fluid flow in a pipe having a plurality of

transducer sites comprising the steps of:
displacing a thermal boundary layer in the fluid flow in proximity to the pipe's
inner surface with a first ramp extending at an angle between 0° and 90° from the pipe's inner
surface and disposed upstream from one transducer site of the plurality of transducer sites;
displacing the thermal boundary layer with a second ramp extending at an angle
between 0° and 90° from the pipe's inner surface and disposed in juxtaposition with the first

ramp and upstream of the recess.

sending an ultrasonic signal from a transducer of an ultrasonic flow meter into
the fluid flow; and

calculating the flow from the signal with the flow meter.
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a flow conditioner for displacing and mxing the fluid flow that defines an

envel ope | ross-sectional direction having a first I SPOS in the
pi pe and \&Qtzﬁ}éqsgsgﬁf romthe outside of the envel ope i nvé?%gmggm?‘ﬂe
center of the pipe in a downstreamdirection with respect to the fluid flow
and form ng an angl e between 0Q and _900. rel at.ive to t i pe' s inner
surface; and a secoifd ?\afﬁ”a tiengr foy mixing Ly é@&"gﬁ“{]"ﬁé‘gi) @’Vﬁh’d’ei%across

j uxt apogs%&%hal"@iﬁ&ti}oh%Bipip%tcoér{f}imingt: he second ranp extending fromthe

out side of the envelope inward toward the center of the pipe in an upstream
direction with respect to the fluid flow and form ng an angl e between 00

d 90 | ati ipe's | f he fi ]
Adaptod to be post i Bkl Rplt b kot tielos 4t @l FERHe bATRE of

12. The appafwldpe idvardaswhidrae cémter@fahdpipd ind @6 whairdahieditdctivh eandiespeanrthe s
di sposed a di stance between 5 and 15 diameters of the pipe upstreamfrom
the t r andhiid 8owsindderming an angle betweend)® and 98F Fdetivege taePipE BilpneH §UBLRss: ang | ow
in a pipe having a plurality of transducer sites conprising the steps of:
di splacing a thermal boundary layer in the fluid flowin proximty to the
pi pe' s i nner surf acesavbhd ranp adagted @ dixpead imthegtipaandimgiugtapetitier with thed
90 from tfhe pi pe's inner, surface and_di sposed ggs ream from one ransgL{ﬁer
H‘ét (6] €

site of tife! i d4hs s5008f remRrdRdiRe Eopekie outside of the envyglong AR, WY

t her mal I ' a [ : k W 8Rb1
and 90 o B R e A e e
first rarpptaeoh Qipstdrodamelative toghe pipe'ssnner surface. sendi ng an ul trasonic
signal froma transducer of an ultrasonic flow neter into the fluid flow,
and calculating the flow fromthe signal with the flow neter.

14. A flow conditioper Af gethsdfordetédihigftli@vibiah adepd eRspradineihésteppefi n a
cross sectional direction in a pipe conprising: a first ranp
adapted to be disposed in the pipe and extending fromthe outside of the
envel ope inward to . i i . I i’ i '

W ih respect to tnetnane el s indErIBLER bE AiF BURTH ERRT TG Uhe ibes
rel ati ve ihfertsnefapd pitha fisnampsextdraiiigz ataamchngle between 0° aral ¥ cfoord thapipe'adapr ed
to be disposed in the pipe and in juxtaposition with the first ranp, the
second raﬁﬁ’ﬁéé%tendi ng fromthe outside of the envel ope inward toward the
center of the pipe in an upstreamdirection with respect to the fluid flow

and form ng an angle between O and 90 relative to the pipe's inner surface.
displacing the thermal boundary layer in the fluid flow 1n proximity to the pipe's

inner surface with a second ramp extending at an angle between 0° and 90° from the pipe's inner

surface and in juxtaposition with the first ramp;

sending an ultrasonic signal from a transducer of an ultrasonic flow meter into

the fluid flow; and

calculating the flow from the signal with the flow meter.

16. A method for affecting fluid flow in a pipe comprising the steps of:
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15. A nmethod for determining fluid flowin a pipe conprising the steps of:
di splacing a thermal boundary layer in the fluid flowin proximty to the
pi pe's in‘%@rz‘)%f"s&&e with a first ramp extending at an ER§B2HAIONEER 0 and
90 fromthe pipe's inner surface; di spl aci ng the thernal
boundary layer in the fluid flowin proximty to the pipe's inner surface
with a second ranp dsplasieg atheamahboundgrydayertifdanilndAny goproxymty tthsipee's

i nner surface,and \k’{ﬁi?lﬁf&q‘% 'egde(ﬂgin eftr&n%hglefﬂefv?éenr@%ii 90° from the pipe'SHREE NI
an ultrasonic signa roma transducCer o n ultrasonic flow mstepr Into the.
fluid fl owfagnd cal cul ating the flow fromthe signal with the flow neter.
16. A nethod for affecting fluid flowin a pipe conprising the steps of:

di splacing a thermal boundary layer in the fluid flowin proximty to the
pi pe’ s inner surfacgspMdiy delthdrifal bGMAaR PR 80a 8dcod rARg L LeREhYRETh heddd
90 fromthe pipe's inner surface di spl aci ng the thernal
boundary betwesn Gfjand ¥° Sewsn ke pipe'p ienar shfhrerganst diappsad din fuxbanofidion Witk the Bt
fromthe r%)i Bel' S, i nn% sur{}tgg% asndq1 dri Sslgosed in juxtaposition with the first
ranp 18 a g uésf’flélg G e {PANSEHCREY si te.
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