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ABSTRACT.  Flow ratre measurements are amoeng the most important operations
in modern industries  dealing with increasingly  cxpensive  (Tuids such as
petroleum. natural gas and waier. The accuracy ol flow meters depend mainly on
their position in a pipe network and their operating conditions. Pipe huings such
as valves and hends generate turbulence and swurl and distort the Mow
distrihution in the pipe, leading o a subsianual amount o measuring error. For
accurate Now rate measurements. the standards 15O 3167 speaily either a
sulficient siraight piping lengths or the inclusion ol o flow conditioner between
the Now distortion and the Now meter. Flow conditioners serve to reduce (he
developing length between pipe fittings and low meters and (o create fully
developed flow condition within short distances. Hence leading o the reduction
of the metering errors, [n the present stdy, numerical modeling of the flow
development downstream three flow conditioners (the wbe bundle, the Eroile
flow conditioners described by the standards and the lLaws plae [Tow
condinoner) have been made. Computational Flow Dynamics tecbniques have
been used o predict the Now development downsiream the tflow conditioners.
The efficiency of the three Mow conditioners o produce fully developed flow
conditions 15 invesligated.

Keywards : Mathematical Modeling, Computational Flard Dvinamics, Flow
Condinoner,  huaernational  Stenedards 150, Flow Raie
Measurement.

Introduction

Orifice plates have been used for flow measurement for many  years for process and
fiscal purposes. The ability to accurately mcasure the gas flow rate in a duct is of a major
concern and vital importance when large volumes are handled, Gas and Pelroleum
companies recorded receipts of billions of barrels or cubic meters (m’) of gas and
petroleum over a period of onc year. The quality of gas measurement, receipt and major
dclivery points distributed through thonsands of km of pipe lines, is very important from
an cconomical and technological stand points. Errors in [low measurcment can have large
cost and cfficiency implications.
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The majority ol the meters must be calibrated. This is done in fully developed pipe
flow, axisymetric, [ree from swirl and pulsation. Standards such as 1SO 5167 and
AGA3/ASME 2530 deline a satislactory flow as one which has a swirl angle less than (two
degrees and for which the axial mean velocity is within £5% of the corresponding fully
developed profile measured in the same pipe after 100 pipe diameter of development
length. Given that most industrial installations include pipe fittings such as bends, valves.
expanders and reducers, which arc sources of both swirl, asymmelries and (urhulence
distortions, insuring that fully developed flow in terms of mcan flow and turbulence
structure approaches the micter is difficull 1o achieve 1n practical and industrial situations,
While high accuracy about £0.1% (low rate mecasurement is required, disturbances in the
[low caused by contractions, bends, and other components introduce melering crrors of the
order of £5% and greater (Yeh and Matingly 1996).

For best accuracy. o flow meter needs o he presented with an axisymetne, [ully
developed velocity profile with zero swirl. Either very long lengths of straight pipe work
upstream ol the meter must be provided (recommended by 180 5167) and these may need
(o be of the order ol 80 1o 100 pipe diamelers, which will give & higher installaton cost and
grealer space requirement. Alternatively, upstream disturbances can be attenuated by using
ow conditioner Lo control the quality ol the (low approaching the metering device.

A lundamental understanding ol the approaching  velocity profiles and their effects
on the discharge coelficient of a melering device 1s an essential knowledge for the
oplimum design of a low conditioner-meter package that minimizes installation effecis
and increase melering performances of these devices. Concentrated rescarch work
undertaken al international  laboratories and  rescureh  institutes  (Reader-Harris and
Keegans, 1986; Morrow ¢of af., 1991, Gagan ¢f .. 1991 Morrison ef af., 1992; Quazzane
and Barigowu, 1999; Merzhirch, 1998, 2001: Aichouni and Laribi. 20000, Aichouni et «f..
1996, 2002 and more recently  (Barton, 2002) has been focused (0 investigale
cxperimentally and computationally mstallation ctfects on industrial flow meters. Most of
these studies nvestigated the elfect of MTow conditioner location with respect o the flow
meter on its calibrition coelticients. The major conclusions show that the distortions in the
approaching Mow generated by pipe ittings upstream the meter can cause significant shifts
in the meter's calibration cocfficient, hence leading 1o considerable errors in [Tow melering.

In carly papers presented by Aichouni ef «f. (1996, 2002) and Laribi et «f. (2001,
2003) cxperimental and numerical results on inslallation effects upon Venturi and orifice
ITow melers were discussed. The present paper discusses [urther the results ol the metering
performances of industrial flow meters under real operational conditions. Experimental and
numerical results on the effeets of non-standards operating conditions (swirling (Tows
generated by a double bend cut of plane) on the accuracy ol orfice Tow meters and the
elficiency of flow conditioners 1o climinate these effects are presented and discussed. The
elticiency of flow conditioner to remove the [tow distortion and produce the fTully
developed condition is investigated. In the present work tlow condilioners to be
investigated arc @ the 19 ube bundle, the Eleile (low straighteners {described in the
standard SO 5167 and AGA 3) and the Laws pertorated plales both experimentally and
numerically. The presen( paper i1s dedicated to present only the computational part of the
work.
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Numerical Method

The flow in the pipe is supposed 1o he steady and the fluid is incompressible; The
time mean averaged equations for conservation of mass and momentum have heen used
together with the standard K-¢ turhulence model (Launder and Spalding 1974) to sel a
closed system of partial dilferential equations to predict the tlow development downstream
flow conditioners. The equations for the numerical model are:

Continuity equation (Mass Conscrvation) ;
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Where - puu, represents the Reynolds shear stresses which is modeled by (he K-

¢ turbulence model through the equation:
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The model constants are those recommended by the Launder and Spalding (1974} :

Tuble 1. Constants of the Standard K-r muwdel.

Cp e 2 ak o

0.09 R 1.92 L0 .3

The dilterential equations are discretized uvsing the conservative control volume
approuch. The procedure for calculation of the (low f(ield is based on the SIMPLE
algorithm of Patankar ([980), Further details on (he numerical procedure can be found in
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Ailchouni and Laribi (2000). In the present study no attempt was made to compute the flow
through the flow conditioner. The solution was started by (aking as the duct inlet condition
the measured proliles at the first axial station 0.5 D downsueam of the flow conditioner.
Mcasured profiles ol the axial velocity and the turbulence inlensity components were used
(o prescribe the initial conditions required for the solution,

Numerical Predictions of The Flow Development Downstream Flow Conditioners

Flow conditioners serve for reducing the developing length between pipe fittings and
[fow meters and to ereate the lully developed flow condition within short distance. Henee
leading to reduction of the melering errors. In the present study, numerical predictions of
the [low dcvelopment downstream the tube bundle, the Eioile conditioners (Fig. 1)
described by the standards and the Laws plate tlow conditioner have been made. The initial
conditions were prescribed [rom the experimental data taken respectively from (Laws and
Ouazzane 1994 and Mecrzkirch 20010). The conditioners were subjected to scvere flow
distortions created cither by a 90 douhle bend or a hall valve 50 % .70 % or 100 % open.
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a - The 19 tube bundle flow
conditioner (150 5167)

b — The Etoilc flow conditioner
(ISO 5167)

¢ — The Laws plate Mow
conditioner

Fig. 1.

The investigated low conditioners.

Predictions of the mean [Tow and turbulent flow structures downstream Lhe {low
conditioners were ohtained and analyzed. Though the numerical procedure described here
has been used and tested in carly research works (Larihi and Atchount, 2000}, during the
present research, grid independent test and predictions validation (Fig. 2} have heen carricd
out, Il is clear that this numerical procedure is suitable o carry out the investigation ol
flow developmenl downstream Lhese devices.

Figures 3-a, 3-b and 3-¢ show the mean velocity contours and velocily vectors
downstream the (hree conditioners. It 1s clearly shown tfrom these fignees that the flow al
downstream distances of 20 diameters is not yet fully developed and the elfect of the flow
distortion slill exists al thal distance. The performance of the three flow conditioners Lo
produce the fully developed flow conditions is examined in Figure. 4, 5 and 6 where the
predicted velocily profiles at different axial positions (Z/D) are compared to the fully
developed profile predicted at 100 diameters downstream and the 5% ISO limits. The
results show a net superiority of the Laws plate conditioner over the conditioners descrihed
in the standards. Such an observation has been made recently by Merzkirch (2001) in his
PIV cxperimental investigation upon cxamining the performance of the tube bundle, the
Laws and the Mutsibushi plates. However, the uniform velocity generated by the Laws
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plate, though it falls within the ISO limits, would take further distance to achieve its [ully
developed [ow condition in term of both mean and turhulence structure.
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Fig. 2. Comparison berween numerical predictions and experimental results (Laws and Ouazzane. 1994) Tor
the case of the Etile flow conditioner with a valve fully open.

Conclusions

Mcasurement of volumeltric flow rate in nen devcloping [low conditions remains a
problem ol highly practical interest [rom both its technelogical and economical aspects. A
greal deal of expenimental and numerical studies have been made in an effort to understand
the fundamental of the fluid flow involved with the problem and propose practical
solutions. Through this research work, computational [luid dynamics (C.F.D) techniques
have been used (o invesugate the flow development downstream three flow conditioners
working under severc flow distortions. Their performance to produce fully developed tlow
condition was 1nvestigaled numerically. The (ested flow conditioners were the 19 whe
hundlc and the Etoile flow conditioner, which are descrihed in the standards, and the Laws
plate. which is not 1cluded in the standards yet.

Through an analysis of the predicted veloceity profile development downstream the
three flow conditioners, it has been shown that the cffectiveness of flow conditioners,
cither those described 1n the standards or those newly introduced in the lechnical literature,
to produce the [ully developed flow condition within reasonable distances (some 20
diameters)} remain questionable.

Nomenclature

D pipe diameter

K turbulent kinetie cnergy

P pressurc

T, (%) axial wrbulence intensity
y.Z ¢ radial and axial co-ordinates
U, mean velocity components

u, . fluciuating velocity components
Un o axial mean velocity
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dissipation rate of the kinetic encrgy
fluid dynamic viscosity

turbulent eddy viscosity |

fluid density

r/A
(=]

I/D
a - Flow development downstream the tube bundle conditioner.

L]

b - Flow development downstream the Eloile eonditioner  case of vaive 70% open.

Z/D

¢ - Flow development downstream the laws plate condilioner  ease of valve 70% open.

Fig. 3. Predicted low development downsiream the three [low conditioners.
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Fig. 4. Velocity profiles simulaled at different axial position Z/D compared to the fully developed profile
and the [SO limits (£5%) - Case of the 19 Tubes Bundle.
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Fig. 5. Velocity Proliles Predicted at different axial position Z/D compared 1o the fully developed profile
and the ISO limits (£5%) - Casc of the Etoile Flow Conditioner.



26 Saraya Renchicou and Mohamed fichoum

ZiD =85

o4 ZiD =105

¢ ZD=155 :
1
o= & & [ :

R

12
——————

e ™~
o L

04 ZD=205
7 75 ] 75 i s 3 [ T i

R TR

Fig. 6.  Velocity profiles simulaled at different axial position Z/D compared to the fully developed profile
and the 1SO limits (£5%) - Casc of the Laws Plate Flow Conditioner.
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