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ABSTRACT

Research conducted from 1992 through 1996 indicates that the V-Cone flowreter is |ess
susceptible to upstream fl ow di sturbances than traditional flowreters. This previous
testing by McCroneter and independent test facilities has placed various flow

di st urbances upstream of the V-Cone including single el bows, double el bows out-of-pl ane,
val ves, and swirl generators. |In an effort to further quantify the effects of partially
cl osed val ves on the V-Cone, McCroneter has conpleted the first in a series of valve
installation effects tests. This test programinvolves 50 nmillineter V-Cone
flowreters, various beta ratios, and both butterfly and gate val ve types. |In each case,
t he V-Cone was tested downstream and upstream of the valves. Al testing was conpl eted
at the MCroneter water test facility. This data will allow McCroneter to better
specify the installation of V-Cones in certain applications near valves. The testing

i ndi cates the valves can have little effect on the V-Cone. Wth the val ves upstream
the V-Cone perfornmed accurately under all but the nost extrenme conditions, such as a
butterfly valve closed 55% directly upstream Wth the val ves downstream the V-Cone
accuracy has not been affected by the |ocation or angle of the valves.

| NTRCDUCTI ON

1. THE V- CONE FLOWETER

McCroneter introduced the V-Cone flowreter in 1986 as an alternative to traditiona
differential pressure flowreters. The goal in the devel opment of this device was to
create a neter that enphasized the advantages, but overcane the limtations, associated
with traditional differential pressure flowreters. MCroneter holds patents on the
V-Cone in the United States and worl dw de

The geonetry of the V-Cone is a radically different approach to differential pressure
flowretering, see Figure 1. As with other differential pressure devices, the flow
constricts to create high and | ow velocity areas, which creates a differential pressure
signal. However, the V-Cone's constriction is not a concentric opening through the
center of the pipe. The V-Cone creates an annul ar opening, forcing the fluid to fl ow
around a cone positioned in the center of the pipe.

typi cal V-Cone design

Equations for the V-Cone are only slightly different fromstandard differential pressure
equations. The V-Cone beta ratio follows the sane principle as other differential
pressure devices. Thus a V-Cone and an orifice plate beta ratio are equivalent to each



other in terns of open area. The basic equation of flow for the V-Cone is simlar to
standard differential pressure equations.

2. PREVI QUS TESTI NG

Previous testing proved that the V-Cone is |less sensitive to upstream fl ow di sturbances
than nost traditional flowreters. The first installation effects study tested three

V- Cones downstream of a long radius single elbow and two | ong radius el bows out - of -

pl ane!. This testing was conpleted at McCronmeter in 1992 using the sane test apparatus
as the current test program The three test nmeters had beta ratios from0.35 to 0.75.

The results showed that all three V-Cones could be installed adjacent to either single
el bows or doubl e el bows out-of-plane without effecting accuracy.

McCromet er sponsored a series of testing at the Southwest Research institute in 19942
This series was intended to study the effects of a single el bow on a 100 mm V-Cone, beta
ratio 0.67, using dry nitrogen gas as the test fluid. The conclusions fromthis study

i ndi cated again that the V-Cone can be closed coupled to a single el bow without
effecting accuracy. A fully open plug valve was al so placed between the single el bow
and the V-Cone. The asymetric opening of the plug valve did not effect the V-Cone.

Several independent papers have been published at the North Sea Fl ow Measurenent

Wor kshop. I n 1994, Phillips Petroleumreported on a | engthy program using 75 nm and 100
mm V- Cones®. As part of the conplete test program the installation effects of the
meters were tested downstream of a 180° bend and a partially closed valve. This paper

concl uded “uneven profile and swirl effect was not detected.” Another workshop paper
was jointly published in 1995 by Chevron Petrol eum Technol ogy Co., USA and K-Lab/
Statoil, Norway?. Chevron tested three V-Cone neters with various beta ratios in

swirling flow at | ow pressures and velocities. K-Lab, using the same neters, tested at
hi gh pressures and velocities. The report concluded that “Swirling fl ow seens to have
little effect on V-Cone neter nmeasurenments. For swirler blade angles up to 40 degrees,

t he V-Cone neter neasurenents generally deviated within +0.5% fromthe no-swirl baseline
measur enents.”

To further define the installation requirenments for a V-Cone, McCroneter decided to
begin a series of tests to verify the performance of various V-Cones near fully open and
partially closed valves. This paper reports on the first stage testing of the program
The American Gas Association’s Report No.3-Part 2 specifies the installation
requirements for orifice plate flowreters for the U S. natural gas narket®. The
installation requirenents for an orifice neter placed downstreamof a partially closed
val ve range from 16 to 45 dianeters, for beta ratios fromO0.1 to 0.75 respectively.

This specification can be used as a reference for the performance of V-Cones downstream
of partially closed val ves.

EXPERI MENTAL

1. TEST APPARATUS
The McCroneter static gravinetric flow calibration stand can test 12 nmto 100 mm
nom nal dianeter flowreters in water.

The cl osed systemrecircul ates water constantly froma 2200 liter storage tank. An
electric punp draws the flow fromthe tank through a 100 mm PVC pi pe. Fromthe punp,
the water enters an upstream header. The 250 mm by 1200 nmm chanber i ncor porates

strai ghteni ng vanes and a danpeni ng screen to | essen pul sations fromthe punp. A
recircul ati ng by-pass line of 50 nm PVC pipe al so hel ps to reduce pul sations. The water
| eaves the header horizontally through 50 nm pipe into the test section

The wat er passes through 50 D of straight 50 nm pi pe before entering test section. Test
section piping is schedule 40 stainless steel. The differential pressure taps on the
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nmeters are horizontal to prevent air fromentering the gage lines after purging. An
appropriate range of differential pressure transmtters neasures the produced signa
fromthe V-Cone.

After passing the test section, the water enters three flow regul ating val ves and t hen
the diverter section. A pneumatic systemdiverts the water to either a receiving tank
open directly to the storage tank, or to a collection tank. The collection tank wei ghs
the collected water over a neasured time. A proximty sensor on the diverter triggers a
timer to neasure the precise tinme of the collection period. A mercury thernoneter
measures the fluid tenperature when the water is drained to the storage tank

The el ectronic signal fromthe differential pressure transmitter is read through an
anal og to digital converter card in the |aboratory conputer. The 16-bit card is
triggered with the start and stop of the collection period of the diverter

Prior to testing, each piece of equipnment was calibrated to traceabl e neasurenents from
United States national standards at the National Institute of Standards and Technol ogy.

2. TEST PROGRAM
The intention of this test programwas to test the effects of fully open and partially
cl osed val ves placed near V-Cone flowreters.

Two conmon types of valves were chosen for the testing, a butterfly valve and a gate

val ve. The test program placed the valves in three different locations in relation to
the V-Cone under test. Locations upstreamof the nmeter were at 0 and 3 nom na

di aneters and one | ocation downstreamat O dianeters. These dinensions refer to the
relative distance fromthe face of the valve body to the face of the V-Cone body fl ange.
Therefore, O dianeters represents the valve directly adjacent to the neter.

V- Cone neters have a standard beta ratio range fromO0.45 to 0.85. As described above,
the beta ratio for a V-Cone represents the sane open area in the neter as traditiona
differential pressure flowreters. Thus, a beta of 0.45 represents a |arge cone in
relation to the pipe, and a beta of 0.85 represents a small cone. For this test, two

V- Cones were chosen with beta ratios of 0.50 and 0.75. This range covers a w de portion
of the standard beta ratio range for the V-Cone and enconpasses the nost w dely used
beta ratios in service.

Many vari ables need to be tested to quantify the installation effects of valve on a
meter. This test programattenpted to separate sonme of those variables to define the
ef fect of each. The variables we sought to identify are listed bel ow

Beta ratio and differential pressure

Val ve type

Valve location in relation to the neter

Val ve orientation in relation to the taps on the neter

Val ve percent age cl osed

Reynol ds numnber

SORwNE

O her variables that could effect the performance of the V-Cone near val ves are:
1. Line size
2. Line size in relation to neter length
3. Valve size and proportional bl ockage
4. Conpressible gas effects
These variables will be studied with future testing prograns.

Table 1 bel ow shows the flowates, differential pressures, and Reynol ds nunbers for each
meter in the test program



Table 1 Test programranges of f

ow ates, differential pressure and
Reynol ds nunber.

Differential
Fl owr at es pressure
Beta ratio (17s) (kPa) Reynol ds numnber

0.50 5 54 140000
3.8 29 100000

2 9.5 60000

0.75 5 8.7 140000
3.8 5 100000

2 1.6 60000

Table 2 presents all the possible configurations in relation to beta ratio, valve stem

orientation, valve location, and valve type. Those with v’s have been tested in this
test program

Table 2 Test program matrix show ng configurations tested.

Inline with 90° to taps Inline with [ 90° to taps
t aps t aps
0 D US 3 DUS 0ODUS 3 DUS 0 D DS 0 D DS
b=0.5
BFV v v v
ey v v v
b =0.75
BFV v v v v
ey v v v
Notes: BFV = Butterfly valve, GV = Gate val ve
D = nom nal pipe dianeter,
US = upstream DS = downstream

RESULTS AND DI SCUSSI ON

The test programresults are shown in the figures below. The figures show graphically
the results on a plot of “%hange in G” vs. “Reynolds nunmber”. The G, or flow
coefficient, is the equivalent to the di nensionless discharge coefficient of other
differential pressure flowreters. This coefficient characterizes the performance of a
flowreter under certain conditions. |If the coefficient is unchanged under differing
conditions, the nmeter will remain accurate to the original calibration. The termG is
used with the V-Cone to indicate the coefficient is a calibrated value, not a cal cul ated
(uncal i brated) value. Reynolds nunber is also a dinmensionless nunber and is used to
define the characteristics of flow under certain conditions. MCroneter uses the
Reynol ds nunber when calibrating V-Cones. Wth this method, the Reynol ds nunber of the
i ntended application is matched using water or air with the calibration stand. The
notation “Taps 90°to valve stenf indicates the orientation of the valve stem was
vertical, while the differential pressure taps were horizontal. The notation “Taps
inline with valve stenf indicated both the valve stemand the taps were horizontal

Figures 2, 3, and 4 present results fromtesting the beta 0.5 V-Cone neter. A conplete
battery of test configurations was not feasible, so testing was abbreviated if further
testing could not show nore definition. For exanple, a gate valve placed at 0O dianeters
upstream of a neter effected the neter performance by |l ess than +0.5% from 0% to 50%
closed. Mre testing, with the gate valve 3 dianeters away, could not significantly

i nprove the installation requirements for this application

Figures 5, 6, and 7 present results fromtesting the beta 0.75 V-Cone neter. Again, the
test program was abbrevi at ed.
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Fig. 2 Test results for beta 0.5 with Fig. 3 Test results for beta 0.5 with
0 0
taps 90° to the butterfly valve stem taps 90° to the gate valve stem
Gate Valve Test Butterfly Valve Test
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Fig. 4 Test results for beta 0.5 with Fig. 5 Test results for beta 0.75
taps inline with the gate val ve stem with taps inline with the butterfly

val ve stem



Gate Valve Test
Gate Valve Test
2" V-Cone Beta 0.75 Taps 90° to valve stem
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Fig. 6 Test results for beta 0.75 with Fig. 7 Test results for beta 0.75
taps 90° to the gate val ve stem with taps inline with the gate val ve
stem

The foll owi ng concl usions can be made fromthe testing data:

1. The followi ng conditions are acceptable installations for standard V-Cone perfornance
of *0.5% of rate neasurenent:

Wth a 0.5 beta ratio, a gate valve can be placed adjacent to the neter and cl osed
fromO to 50%

Wth a 0.5 beta ratio, a butterfly valve can be placed at 3 dianeters upstream of
the nmeter and closed fromO to 55%

Wth a 0.75 beta ratio, a gate valve can be placed adjacent to the neter and | eft
fully open.

2. The followi ng conditions are acceptable installations for applications where an
additional *0.5% of rate uncertainty is acceptable:

Wth a 0.5 beta ratio, a butterfly valve can be placed adjacent to the neter and
closed 0 to 33%

Wth a 0.75 beta ratio, a gate valve can be placed adjacent to the neter and
closed 0 to 30%

Wth a 0.75 beta ratio, a butterfly valve can be placed 3 diameters upstream of
the nmeter and closed 0 to 33%

3. No configurations tested with the 0.5 beta ratio V-Cone created changes in the G of
greater than 2%

4. No configuration with the valves 3 dianmeters upstreamof the 0.75 beta ratio V-Cone
created changes in the G of greater than 2%

5. Beta ratio affects the installation requirenents for the V-Cone under sone severe
conditions. This is the first series of tests that shows a dependence on beta ratio
concerning installation requirements. The level of differential pressure is not
believed to affect installation requirenments.

6. The gate val ve generally affected the performance of the nmeters | ess than the
butterfly valve. For a 50 mmbutterfly valve, the valve assenbly takes up a | arge
proportion of the open pipe area. A proportional study of larger line sizes may
prove that butterfly valves do not consistently have a greater effect than gate
val ves

7. Val ves placed downstream of the V-Cones nade no change in the performance of the
meters. For both the beta ratios, using a butterfly valve adjacent to the neter did
not affect the G.

8. Valve orientation effects were not detected. For both beta ratios, the orientation
of the valve did not nmake a noticeabl e change in the performance of the neter. Two
ot her valve orientations are possible at -90° and 180° but the effect fromthese
positions will likely be negligible.

9. Changes in the flow coefficient generally shifted to the positive. This indicates a
drop in the expected differential pressure at the meter. The cause of these
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increases is likely due to jetting through the valve. A jetting past the high
pressure port woul d decrease the high pressure reading and | ower the neasured
differential pressure. The minimal shifts in the G indicate the V-Cone is |ess
sensitive to this kind of jetting than other neters due to the upstream fl ow
conditioning ability of the nmeter itself.

10. Changes in the flow coefficient of the nmeters increased slightly with increasing
Reynol ds nunber. This does not necessarily apply to higher Reynolds nunbers in
conpr essi bl e gasses.

SUMVARY

These series of tests support McCroneter’'s specifications that the V-Cone is |ess
sensitive to upstreaminstallation effects than traditional flow nmeters. Typica
upstreaminstallation requirenments for the V-Cone are 0 to 3 dianeters. The effect of

t he val ves upstream of the two V-Cones was negligible at O diameters in sone
configurations and minimal in nearly all configurations at 3 dianeters. |t appears that
standard V- Cone upstream pi ping requirements can be applied to nost applications with
partially closed valves. These tests also show that accurate neasurenents can be nade
with the V-Cone without the need for a flow conditioner installed between the valve and
the meter. Zero to three dianeter requirenents are mnor in conparison to AGA s
requirements of sixteen to forty-five di aneters®

Wth the valve directly downstream of the neter, the effects were negligible. Typically
downstream requirements for the V-Cone are 3 to 5 dianmeters. These requirenents may be
too conservative in light of these results.

More testing is required to fully understand the effects of fully open and partially

cl osed val ves upstream of V-Cone flowreters. Future testing should include intermnediate
beta ratios to define the relationship of beta ratio and installation requirenents.
Larger line sizes should be included to gauge the effect of proportional differences.
The effect of valves in conpressible gas applications should al so be explored. O her
types of valves may be incorporated based on industry response.
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