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mRerace

The research rasults reporced in this document were produced with the supporc of
a National Tnerimite of Standards snd Technology (NIST) initisced inbuscry
h dugee

o contorciun. In this mode of sparation, thers i s hi e
Enceraction betueen the representatives of the consortiun pasber conpanics an the
rchers. Thatr Inceractions Luclude: (L) che planning of the spectfic
Ehe NIST rossaech SEtores. (2) the analyses of che rciulu obratned, wd
(D) fhe coneusions o for the farticuler hase of the weck. Tor his redson
Fin akh che support given ta. this phase of the

o

acknouledse
o o Che FoehaoeL Sontrioutton aadby he veprasetbetive st coe

consortiun mam

The currenc consortiua as of Decesber 1990 is, alphabatically

1 Amecek-Keoromster

2 Cheveon o1l

31 Concroloers

40 Dow Cheatcal

51 EL Dupont de Femours

B 4 Motor Co

7. Gas Resesreh Inset

8 Gas Unie (The Necharlands)

crusen Testing Service

0] ITT Bartan

100 Kimmon Nfg. Ltd. (Japan)

120 NIST-Boul

13) Rockweil Internacional

Rox

Specific acknovledgment 1 Kizan M. Kothari of the Gas Ressarch
Taitisuce (GRD)." Boch his wupport of Chis progean and his technical loputs in vhe
analyses of zesults and in the conelurions dravn are gratafully acknoeiedeed.
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Sunmary Repozt of NIST's Iniusery-Govercasat Comsorcium Ressareh
rogean on Plomeser nstalletion Efferts
Vi Eaphasts on m- Researeh Torto

February - Dacenber 1990; T 4'Ae An Elbow Configoration

6.2, Hareingly

Athorshurg, Maryland 20099

This capor presencs resules obcatned in & consortiva-sponsorad re
on Flowmeter installation effects heing conasced ac WIST.Coithersbore.
cellmocacive’ oo et Hasbeen |

o progeas

progecties collmocact s ee g
Supported by an Industry.govermasnt consortiu yeatly to review
e cetenly obafons Temite sna to Flan subsanient phases oF the sork
The objective of this Tesearch program {s to prodics improved flowm
prEtomms shen mucers are intalled {7 en- Tanad cohanrions. T abjeriine
being actuined vis our propored stratesy o
@ ute, wnberorand, and guantity the sallent feacures of poncsdest
" Dipeline shuasncs sx clbous; fedusers. va
e fons of chese.
) “elected Gypes of flomsters
Lo slsomnes Yhch g sy o
<o m,m aster parformancs sccaracely
© ough sppropriate chann

elogy thou
o s pib1iaheng oo xuulu i pm,..m Jourmals ana vprasing
Papex standaris for

5 5011 ehts sesesrah atfore has Crcluses & fes of the flow tnto

o of cube buol Flow Condicionsts
descriptions of “aevices
orhances of Lach ‘oriCice swd tutbime ue

Slenence folloved by tubs bundles.

This vepare concains che cosulce and conclusions of ch eating of this consortion
et tnclvaed i

o i sioing oo whith 18 maed

eluncly asd configuration Co enable sasy secess o the

re given. conentrio tubs bundlas - both
19"and 7 Gube geomecrios. Motor perfornences are compared and concrasted in
vays



Iemmopverion

The tncreastng scarcity of £1uld resources and che rising valus of flutd products

te placing nev eaphases on LBproved flow measureasncs. - Improvements are sought
Er e Sekewing ol ooz e Bt

TorSerth e Fron- Coead® Tnscoltaston Consictons.”

SF tha infimitude of condicions uhs e

Pipefiov distribuctons cha iffer (ron that unc)n:A m» cully devalopes flow
Thit oceurs In ides] inscallation conditions. Ideal conditions are where the

e Torg, SureLghe Jongthe of Consiany atomecer FipInE

The prevalenc concern tn todsy's flow sessurenenc comunisy ls for Licis
Sceufscy levale:  Toese are desized for inscalled meter sy icher
s e Fiow consicions that emier e mecer or by replacing the s

$eet or ice surtlary components
Fow conictonog sevces of ne promcy x o s frsnrtly secomns
T g e o e oemces poctoraanie shen. necatlacion
ol My it o

pertinent parameters
Influence the perforasnce
EolLows tha sertain fl

Eron the perfornance of

Uhen flow conditioners cannot be used “non-1deal® inscallecion

condicion, i has bean comvencional Spetecios o selibrate m sceuel pipiag and

oter configuration. Shen this i ot possible or unrcasonsble, an slcernative

Proteair aty b e shich b o o o For ha Firee Clme i this vesescen
rosren.

The_intugcry-governaent consertiun research program on Elovseter installation

Eiecta ther G carrencly undervay at NIST Is designed to help improve Fluid

Setering pecformance vhen installatton condicions ave noc ldeal, The Sotge of
ro eoduc. s

Spprosch ha: monstrated ueing. sever
e e e etes atttesens ipe olbow sonfigutasions. 11

e expectmenial vesearch ropras s bured ¢ pipe lows
Fiping contiguescions LT Dappier velacinatzy (V) (141
S perinental veseszeh tools avallable to
and pusamecerize the saliont Tearures
o

ey ey
ani pipeline clements such as Flov cond ao of the consorciun
e e e confipacions con be dome «

Toquire bracketed Tntegers refer to references given belov

2



e L0V Sachniques hat have been and are being applied o seasuro <he basie piye

e of Plowas 2 eon
" La'xpecad that iaproved flovmerer parformance will snbunce
ind the apcimization of induserial pracesses through

betear control Troduced by battar flov measorasent

In she presenc sty che fluid G2 vater awd the pipieg s 32.5 m dianeter
stesl. Waver cemperature is controlled using 8 hest

BoEAeis” e Fhuia Flous shoula bu scried verstons of oun mesiice. These Tesiits
%2 shown in reference (3]

et expected chae the cenules feom ehis progran will enable saelafoctory flow
= made in many

fons »
on; s to temedy pipeflov snomsliss,

e specific oslibration of the whols meter {nstallation cansot
Proposed pradiction technique be used.

Hhen che performance pinclec o o sitterent rom thase seles
is aumma 1 cllihx-cion g condici oy i eestes
e s

sorractly & n be correlaced fo

pipe flow

Fron-Ldes1”

dsired specitications h

Flovmster anufacturers oF usra e Chan be poseivie u ,mm and
atisfactory metaring perforasnca for thasa meters in similst nonldeal

Ttaiacion

‘REvios mEsiLTs

s 0 ehts research progean fave produced L0V seasucesencs o o

scudies ave ghven 1

Previous ph s cassarch progren e slso produced daca
Dextormance of srtFica und Sutsin webers nstalled dovnatrosn of o
e nigucacions, see T aatci
Gencnatrat of the. hove-described prediction scheme
tiining accurate Tlowmeter porforaance for thess typss of mececs nstalled

B



Sprmatzess of chove elbor contipurssions Ls given 1o setecence (7). Pigure |

en g
shovs the erzengenents of the plping configuations srutied and che conrdinace
its

batic e et
via dfscharge cosfEleloncs snd Steounal msbars, Fespactitaly. For the selicred
crifice and turbine aeters.

Tie previoss phass of this rescarch progean dececained he stfeces on origice snd
oo ancers of che convenclomat 1 o0 ube bonaly asalied s

an of che

single and closely-coupled double elbow ouc-nf-plans configisations, see Fisers

2] i retarence 117 "W1ug sesced {n ch rocd e of Shis peogees s
Tube tube bundle shovn in Flgure 2(b)

fonalte obained tox there condicions shoy thac ahile the 19-tube e binale

succasafull pinefion 1x appare other
cra L h-t cuse Sttorent
Percutbacions on ofifice aecer pesiocatnce. - The oEfects on this apeessie

dosign
CF Gurbine meter vere 1ess varied han these for ofifice meters, tes rerecomces
na 71

inciuded in shis mert sme ohe ctfects produced by

encional piping tee unich (x used 4s an lbou.  This revalencly uaed
ble casy sccess o' the dowerean piping Chiough che biind
Orifice and turbine moter callbration esulta sre given vishout and with
ric tube bundles - boch 13 and 7 cube geomscriss. Mt
are conpared and concrasced In seversl says. The tubs bundle deaigns
ocenc phase of this progran ars installe oy plping,
in figure 3(a) and (b). The coordinate Z has its origin
f the lbow s o Fipuces Ui 3" e e
3(a) 15 the concentric'arrangem: he tabe
bun Thovn 10 Sigure 3oy has 10+ sncrance plane a¢ the sene 3
Tocation aa chat used for the 19 tube.
o Liseazion

Downscresn of A Single Elbov. The test results for three orifice meter
dteiss inataiied ot YA Siscances domacresn oF the single sihaw heve been
“chea sed £

haractertstics are sumarizad for

hom In lgure b, Thess

aLus of the dlscharye coelficient

Tange testad, relative to the mean value for th
o beta ratlo. beta ratio 18

wide pipe dismerer.” The ideal Snrcullucion

i h
(ons pracadad by more than 200 alamatecs of
irg. Thvse cangen. In teras of aismecrel Renolds

Y e
0:36 167000 45,000
0.300 25,000 - 80,000
0.7%0 40,000 - 100,000



Thece remilse show chac for Shese condicions che auen dtscharge coefficionts are
e ecca'of the singie

e
The aspeotive calibration results

celthestion sl for the beta = 0363

Tigume S inelude
inseallacions beyond the 30
cepules e ones the onnu m.mq. costhiciencs .mm nieros vatues b

eange beru: Colerances o o e o
s oritien DA podrotmnces i meter won ., wiseated’ss 5 Lopond
iiamaters fron the slbm o dhisve this lovel of performanc

& presencs calibration results for the beta = 0.50 orifice. Thess results
ahiShad for the previously specitied tolecance of 30,25 his orifice secer
Should be installed at o biyond 14 dismecers fram the elbow in erder to attain
“hia Level of perfornance.

Figure 7 presence orifice perforaance charactoristics for a 7
Tnisa cesults shay That for'this necer and chese condicions. raralisclons shonld
be-at or bayend the 30 diameter locatian dovnscream fron the elbow To attain
perfornance vithin +0.25% of the ideal

fom of che sbove dsscribed crifice oerformance cheracsestacice

zwm.a e dasa o he. inaividual discharge

ety anuesinsetina,aee  plotias fof the - vedpessive Flov. Fices For oot

o . Mheas results indicate tha the imprecision at each
installation posicion 15 gresteat at the lovest Flow rate of the rang

saprectsi et when che £ slonee co e sagle elvor 2ad 1ot

thacalls on.
nstallations near ™ i by oo 0.3 mvire In e’ eest
aceTiation the taprecision Lo shout £0.05%

2. Downetress OF & Too Ussd As An Elbow.  For che s s s eTbox

Loneiporesron o e s 1000, ohe oritice astes ‘bertoraance data sbeained

o affrnt InCiiacior Slsuaneds fr L bata 20 360 mcer iy srom 1 Eigure
earn ia aiail

Rowovor, I ke 30.351 tote

e nnr e, TE s e et distanes From she oxte

fhguce 10 prasencs caltbeacion roslus Lo the bers = 0,50 oifice murer, pasie,
o paciar of pertormance duplicaces skt Som o ke b o Flgurs ¢ 1hd
sdis I uw. 10 o et o7 s e 400 Theve condlsions fmecellation:

LS 0 THE Tyt bout he 14 Stamater disiance dmmeiresn Fron che
lcharge cacEficient within €0.25% of the Ldsal value



Eigore 1 presescs oxteice sater pecforasmce Sor bete = 0,75 for natallations
Gebmateean Fron tha toe soed s 4n elbew. " For thess conditions and for cho 40958
Soluramee: Shie mmcer Shoctd e ‘naeiliea a or beyond che 32 Slanacer Tocstion
dovnstress £rom the exit of the

1. Demstress of 4 e pertorascce for che selecced cuvbine meter
ryary ﬂuume; domatzeas of che single elbov txe shovn in Tigure
1 “he s Seroua

2 oxbyond the 25 dlsmetar locacion dovnstrean from the exie plane of che tes

2. bounscress Of A Tee Used fa fu Elbaw  Figwre 13 presancs the parforaance
seaulta for the selected curbine secer 1|\icllhd Gounstroan ron che ain,
Che s negative

That for ‘the <lbou, th tes sffects on this meter seem to produce larger
Snifts st the other positions tested. Therefors, 1¢ sppears that the pipetlon
Percuzbacions thet sifact this aster are larger, fnl: ne albos, buc

o
Aiainisn more rapidly as compared to thase from the tee

16 shouls be eaphastzed chac chess curbine ciects should be considared a0
TrelEie ot seleciad mecer - Undbietly, winiier setors san be vxpected o
Sihive. viatlarly, bt diffarent delgns aay Produce Sifferent resalts.

TUBE BUNDLE EFFECTS ON METER CALUIRATIONS .

1. lohie Tue dntle, The 15-mube cbe bundle stom in figure 1) s he
Goncenceic Secangeaent shat i prevalently laed o U5, oricic w.m. e
s uBit 1o & gomecrically seeled version of

In U5.  ndusciien such a6 gas, oil, pecrochemical:

T TR

zoreles dhaceibed below adich choe o' “anaLle;

ks Hiow shonmmens i1 o, predicted by eus Eesearon Toviits secoréing
etieg Toel o Symane stni1 roce. 18]

The 19-tuba tubs bundle vas fnstalled downacrean of the single slbow ss show in
Figure 3(s) ‘and Flomscer perfornemcs ar deceratned in umerous tnsceliation
pobitions domatress: e B o

Bundle exte Ee0 by G e Sixtancs davmatreds From the e e of the
oo e T enavad oy % oo

cezosa o



Srifise tecer Bagules  Figurs 14 presents bota - 0,367 oxtfice metec
rasulee for vatious tretalisclon locations
Suve e

s
und ‘abouc i beyond
Shout 7 Siamters downstr o e e et the'Sischargs costeisioms

e S e T e e
tgure 15 presents xesulce eiutlar o chone deseribed bove b for e cure b
et o chew oheained For the singls lbow 15 sheccvel
1% noed e shac o 4Ecain OFifice. mecer performance [n thase conditions
a1 v, ona o

iamecer locatien, au:hun Sretfietonns con exiesdthe 0.55% Tolotance Tevel
rom the Ldoal vaive.

Pigure 16 prosencs resolea iailar to hose dascribad bove b hers beta 0,75,

hatin u-ndl sindar btaines for the single albov ax
selec Colerance about the Sdes] values, this meter ‘,. fruvrion :Amg
et H v= m. o3 u o bryend e 13 Siamster distance dom Tre

agatn a9 roted e shift in dischargs cn:fﬂzlan( lxl:uﬂs
‘n zsx o e e sk 20 Co 40 Alamssars dmmecceaa of the o

Reslta. Tiguee 17 pressncs resilts for che selecced
e Tiod doenatroan Tron the. cas waed
Cuba bundla Instaliea ss shovn in Figurs 3(2). The
Eorserounan mabe Touer Ghun the deat
oc shifes desey tn an sssentislly nenotonte fashion vich Lo
Troa’ che.ube bundle, For iz meter In ehes condivions o

1t 1901 portormance values. ¢ Shouls be inscailed a3 ox Mo e 13 Shamater
Iocation downscroam Fron this cub

cube bundle having the configuration shown in

X cube.
et e A RS o Sovastrenm of & Tot 52 shovh in Figuve (b and  serl
et ience were nade using orifice meters and o speciflc turbine mecer geomecey.

zesenes ceaulcs o che purcencage

‘shoe that discharge eoefficients are shi
£ the +0.25% tolorance

- “Liacalled ac o¢ beyond che

oF this 7 Lub tube bundle. This is o be

it for the i “ube

g
e oot o e e hapaciartatice 22 sosecved
T e hevas mayaptocioslly spveosthos the Loeal values eich
Sowmatrasn orifice fnstallacion distance,



Figwe 19 presence rosulcs analogous o the wow for che case bets + 0.50

Toca: s e bl nd cee Centiguraclon and he
Ciniharss SoatFicions vIIL be within e 20 B sotetancs sr AT TN

Fiszee 20 presenta sesults smalogous to che dbove Cor the cene beta = 0.5 tonte
1552 o that, for these conditions, this e hatelied ot of bepend
the T4 diamoer Locacton snd che dischates sostfLsient will be within the selected
£0.25 tolerance of tha Lassl value

Figure 21 ehe
perforuunce of the specific curbine meter tasted downatre:
Bundle”shovn in flgure 2(b) and Installsd s
Ferults shov that the Strouhal T anises
velues s all posicions dovnstroan of this contigu:

Beyondthe 25" Gtamecer Tocution dormscsas oF the e bontie e

OF NETER EPFECTS WITHOUT TUBE BUNDLE

1. Oriffce Mater The above-describad orifice meter results can be Incercomparad

L several vays o 111uscrate the ffects of Reynolds nusber, bata ratic, wpacresn

piping arrangenents, the dLfferent tube bundle geomatries, atc., fot the Conditions

ot o these intercomparisons, orifice metar perfocmunce can be
i

3y be hes
Shalli 1003 S Bactor Paper scindaras st 5 beTier orifice matering asasirements

Figuren 22 and 23 presenc, respuctively, che porformances of 3 0.75 beta ratto
ertrice mecer talied at erfconc s far ax 86 diameters downscren

E &
Comventent accass co the pipeline bervesn the 106 end tha Bater. Thiz aecere can



handy for meter inspection or for chamging or fnstalling flow
ndieToners

Fipuces 2026 preseot, espectiuely, the orifics aeter pertormanoes of a1 three
befa Tacion 3t hesingle rlow sonatcion of ke L 43 000 for dmmatrean
fheEaTlacion postcions” fion the Cingls elbou. the tes. and the closciy caupid
docbte. alhous” out. of plane. £ The 10.051 tolarance L3 ussd bout the Lteal

- diame orifice place and che closest dounstress
Eitting which 1s on eln
TOBLE L WINDOL INSTALLATION LENOTIS I DIAYETERS) ITIOUT T 19-TUSE SDLE
R THE RESPECTIVE TEST CONDITIONS (RE = 43,000). GRITERIA 15 £0.15%
38" 1odat aiun

rrrwT
Coniguracion 536 0730 T
Single Elbor i 1 2
Tee used a2 an elbov 7 15 0
Glosety coupleg poutie 3 “ s
Elbovs’ out OF Pla

The rexvics prasented in figures 24 and 25 ndloxce thc che Targers Beta ratto
e fas che Lcepat oepacive higS b (nacelled sbot 3.3 31 matars doe
Eron che slbow. The ‘are affected sbout the same

ing
Tine-averaged valocity and svirl profiles producsd dovmstrean of chis piping
Contigurationt 7]

The dofinition of the orifice discharge coefficlent for an Lncompressible flutd
i

Tonwaericns © T @



Where 4P 1s che upstream fo dowmstress pressure difference measured
Cerpective tap Socarions.  This pressore difference con e consioeresto bo the
sun’of thres contributisns

1. that dus co the ideal. pipe Flov ax produced by long straight lengeha of
Constant dismater piping,

2. chat dus o che sffects of single eddy avirl

51 that due co che seroameise welocity rofile sifects on che respective pecer

7 constdertng che = hess perurbacions on Gy fox che percicules srixl and

icy, one can exvhxn e srifice pestormmcs shom in Fif attece

ul e sore mrise velocicy o o be Toterpretod in feras of the

niforaiiy of e Frofite. TC o bipefion precile Ls more mnltorn than che ideal
m.mmm mn 4P s increased, Le.,

amiee

el g weted T (0) e SHREE T wing ix1 san b

‘wementunconsideracio The assooiatad redisl

Au(nhuunns St prassure. A mencum, § about the pipe cencerline san be
aetine:

5e oy @

exe, in compatible units, p is che fluid density, K Lz the radial position from
m Soncerline, and 752" the welosicy comonent perpendicular & e Tadial
clon, Fadlal prossurs discribucion sssoclaced with rocacional mstion 1s

ERR @

trom on (3) ingle eddy svirl passing through the orifice
neter, m. .-m roduced presoure dLftorenee Lromsaltied thiouth the Fhid 5o the
Taps

A SO UR L)
[ LR~ — @

here the 2 xefer o the staes of the single <4ty ipscress and donatreas of the
orifice plac = 215270 the Sinfle Ay Sl paceeen vpsteeas of e
it

= Fiace’ 1" dpprosinataly the radiug of the pipe i tha Site i
rproriates the rabius of the hole tn the plaver S Ta 4 sersicive Fonciion
of beca ratlo and



.
Bl € 0 ©

Thts woula cond o produce pusicive sifes fn Gy thus erplaiaiog the very large
oxdinaces for the melless ke facio ama o pasiions closess to She doubie
“lbous out of plane configuracis

The negactre b 1n ¢y shown o Etgurs 26 cor She Targest bece ace nterpreled

Lo us v veLocity profile sffects baing i e o e

Comiitions. These negative shifs for the lergese heve minteh nith
‘becone positive. This could be

e houer than e dtetipition of the iforaity of the scresmeise vilectty

Figeees 27-29, sempeceiuely, present orifice secer pecformanee fox spectelc becs

xafio"ana flolract at diFzerenc downs ricions teon m A

na the dodble. slbow Laced on the polnts o

el e seanaar muum o G m. (53 vapeat deravsinacions sbouc s mesn
iown by these errox bars Ls laxgesc £

‘of the helical, single eddy suirl pace
T et e e ety 5£"th14 witoe ‘o thaee Sendisions amd
postcions

Figure 28 shous chat for or, the stngle oo procuces
Tazger negative shifes Ln u.mm eettivions shan foond dosnacren of he
at the fiowrate of Re = 74,0

5 shovs chat. for che 0.75 beta catio meter ot T = 00,000, the Shifcs in

Giftharge costficient dewmscrean Fron che ai mgls slbox e nepacive o

s’ chen o foe he cee shen s i gl el
feet

e ngs.”  Focther douraivess, Longer megative shifee in dischiste
ﬁn'(ﬂcl-nc ‘otcur for the tes. The effecta of the dowble slbow configuration are
Eound o Ve Teas severe o ham from the 2ingla slbow of tas for i Zeions 1oz
o these HiCClnge o "or fnealiacton posiions beces o
SEumavees ron the dosble eibor Concigucacion, ehis aecer s ety Tarser
e niree ha ha. acher. e conbLpurations

Figaces 7 st 20 boun shov cleacly che large posteive hifes in dischuree

Cocifictent for che cwo susllar bera ratio eters for inacallscion positio

e s o procs “Sonfipaension, Toise wre Torgant. Tor tha
st T oottt

o sove 512 ©
“nd (2). The explanacion for these shifcs 1z € effact of the single
Sy seint e hLen cena Lo-tedute the 81Ffarentisl prassure betvesn Shise




© pes of svicl produce very
nflnncli 114)

Figure 30 shows that the

raber. “such o
Sovedintas o mateh or hat for e plpga cereea Covvezirly. 16 sen be
mectug-thae fof Tepnolas mabers Lovs chart 165 ox for arge Telative roughne.

b conditions. the 175 dismetar sspaxation coulé be

Ic 15 concluded frum Cigure 30 that this curbine mecer tends co sverage the
sffects of the dusl sddy sui:

raeratioe hiTes ccour for both the cibor ana Che
e pLe g rees

19-tube cube bundl

e Aty es vovvoon s oo handls it She sticece

For_cach of the condivioms show in flgures 3133, the erifice discharge
o o nearaxt

= poin
T s P s ot che. portornance. of e ;.xg.n e racio meter
rages radically ich the verisle, G Felloving the cross-over point the

1



grifice dtacharge confTictence stcuin ponitive smifcs vich neximua valuss £ox the
Largest bata ratto meter. e o et for e’ sanllent becs el e
Dosttive overshoor condition 15 ithin the 30.25% tolerance of the Ldeal valter

& 8 eecatica from Eipuces 2026 cha ch 0,25 <
<4 oo derine siaieal ,.\mn.m.\ ln\gﬂu oo (hu:
bt 1, nale

TABLS 2. INSTALLATION LENGTHS (IN DIAMETERS) WITH THE 19-TUBE TUBE BUNDLE FOR
THE RESPECTIVE TEST CONDITIONS (RE = 43,000) . CRUTERTA IS 20.25% OF

IDEAL VALDES
oo fate

Coniguration [ 5.50 e

Stngle Eibow and cube i s1s 1207

bundle H o o

B P

a5 an albow “ . 128

o e enaie or

a0

Glosely Coupled Double s 1 1013

Elbows Out OF Plane o

and uba bundle B

2-Tube Tube Bandle. Results for the 7-tube tube bundle, insealled fn the
Diptng domoeromn Bron tho tee ussd a9 on oloo s show in £iguce 2(5). ave Shom
In'tigure 34. These Indicaca marked d1ffarances in contrest o the

bundle results shown in Eigure 32. Judging fron mm resanes, e . iibe tube
Tandla apparently produces, JRTially. tiae- versges alocicy profiles

1



¢ ace less untforn than chase fron tha 15-cube cube bundle. Tts would

insbaiacions nos nd 7 tube 11 large postcive shifcs
are found, especially for tho largest beta ratio, thess shifts quickly reduce to
zero for 'she. eo ota meter e Targear bate mecer 4 e
versho: = changs Line <o give a Shift of -0.5% when this mecer
£5 inscalled 8 dismecers dawmacresn from the 7-cub tube bundls. The amallest

un beta mecers show that this flow conditioner produces only small positive
Shifts Ln discharge coefficient for inscallations ol che 7-cuba cube bundl

For Lnstallations further downscrasn these mecers have assentielly zero shift
in discharge conficient

This orifics meter performance indicates very promising flov conditloning
Capabilities for this tube Dundle in thesa condifions. It is expectad that thy
iperion xiring chis cie bundle aplaly recovrs From he vty alsceituriont
Reneras roduce protiles hich closely spproxiaae thore for folly

b ity T Saea nmealiation condicions

v u 2 w0y
Orifice Necer. Figures 35-37 shov, respeccively, che three beca raclo orifice

15 the'tea’ Eolloved by the 7-cube tube bundle insealled as shown in Figura 2(c)

Figuee 33 hora chac, for salt beca orieice ncers and flow congicions davoced
e - 45,000, tha 19-cuba cube bundle initiaily shifre orifice meter discharge

porisies shifea tn discharge coeffictens ocoux’ Fllovlng S reglon 3¢ sroued
50" tanatars Chese tube bundles, the oriflce” dlscharse
Ceetictonts have sesentially the Tdesl velues

Figure 35 shows rends dicferent ron chat described vhen che 7 tube cube bundle
used. " WIthin ten dlameters from this conditioner, this meter in thess
canditions has discharge sostFicients wichin $0.1% of Losal velves.

Figuce 36 shous thac the dhove-descrived trends for che smallest beca£atio seces

3 buta mator for Re = 14,000, Again, tha 1-tabe cuba
4 Jertorumnas. of 40257 £ron 10901 valuts vithin ten
diameters of separation distance becwesn meter and this tubs bundl

Figure 37 hows che sbovs-dascribed crends for che 0.75 bt xecio mecer and flow

race of Re = 100,000, Vichin abouc 12 dismscers of separacion e extt

76 ‘i neter actains ohe derired portomance Tevils

9F30.25% of ideal values. This is ot the case for the more comvencional, 19-
= tube bundle

2. Tubloe eter. Fisuce 36 prosencs xenulcs for the cutbine pecer for £loveece
specificd by Re = 100,000 fnscalled douns £ the single slhow, che cee, and
e CTosely coupled double sibe oug«.a by du 1;.:». S bundle huse

e bunal
et or . eib e w1ch bt b pundies, megecive shLFts sre

n



gheatned fot tnstallacton posietons lass than 30 Stemscers dommscsean. The small
Erouns

posicive anieesdn 'l mimber observed for this neter tnstallod dovnserean

double E;b mz,m.m,. followsd by the 19-tuba tube bundle 13
m.rpmm o b v <o the stremmvise Velocicy profcle or <o low levels of suirl
o htough o acound this fube bndls

concumsTons

ort isportant general conclusion to be drem froa the axter performance
:h.ru::ns i e

fntidietion

The pipeflous produced dowmstresn of the ingle, long radiue elbow and che soc

Coietanees. sbout the sero-shiFe Levels are chosen

closely cavpled, of plane configuration produces complicaed

Tine fiows hich e .m( "um e porisively ar mepucively icpending uren

Specteiec eluded that sicgll aay sl cftcees'se el
pried

The shife
EEtive o negative shifts sepenting upon seter gromecey aua tent ondiviont

For the specitic cuchino mecer deslgn, and for the condicions tasced, che oy
it sirgle oloor and e s an elbow produce pipe flavs hich hife
The mecer? Scrouhal miaber nagarively foom Joent hadies, | Toese Shifes aiminish

om thase one. The single sddy
Teant and very Long 1aseing

5
posLtive shifts in chis turbine meter Stroubal mumb

T pefec of e bl ineialladupecren of his rnge of orieice secers ana

Ghis specific  Curbine  ma assessad - via che  perfetmance
charactariatios of thess mecars. 1€ fs concluded chat boh e 15 cibe ana he
Jotuhe Cube bundles reduce the swirl patterns from all ef these piping
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contigurations to very Lc ts also concluded that the
Slockage stfacee by ke m:m.w e il webangosnnts smn peotuce a1EFeron
Fofile’ development p

s concluea thar che 19-tube cube bundl sumoves suisl and producer o ver
Brofide ot e

Zea by chaFully
develonsd pipe clow disuetiuuion, “Tie zamier i porieively Thiteeh Sechares
ContEiiants Lth magnitudes again dependent. vpon becs

I 1o concluges that the 7-cube tube bundle prodces o pizaflow pattesn chac ix
very ifferent fron that of the 1o-tube sicang orifice discharge
e oy very short engtie of pive scs
eepuices Becloe s e = binae sxic and the orifice e o lodien oo

This pipeTlo shuuld be nvessiFacod using LBV o provids she sxpianscion
For this oritios perforasnce

fibe bunale grometrics do ot seem to signiticancly alter e sagac
e pactoms for this Curbine Secer desipn for in (.n.mm
e singie ctbor, Heces Lnacallations dowmatre
ate nogative shifts In Strouhal nusbes
oubls albow contiguation folloved by the 19-cibe
e b S rvuhl) hifc 1a positive bue such smsller chan thac shasrved
wichout the tube
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(c) Tee

Sketches of Piping Configurations and the Coordinate
Systems Selected. (a) Single Elbow, (b) Double Elbows OutOf.
Plane, and (c) Tee Used-As-An-Elbow,



‘O—TOLS

(a) 19 tubes

(@)
QRO \d=167
525 080 t=241

4

(b) 7 tubes

Egure 2 Sketches of Tube Bundle Geometries. Dimensions are
gven In milimeters. Tube Diameter Is Denoted *d*; Tube Wall

Thickness is Denoted . (a) 19 Tube, Concentric Pattern, and
(b) 7 Tube.
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(a) 19 tubes
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(b) 7 tubes

Eloue 3 Sketches of Tube Bundle Installations Downstream of
Plipeline Elements. The Single Elbow, Shen Dashed, Exemplifles
allof the Plpeline Elements Tested,
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