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SUMMARY

This report describes a test to evaluate the measurement accuracy of three 150 mm (6 inch) V-Cone
meters of different beta ratios in swirling flow. The purpose was to establish the installation effects of this
relatively new meter and to compare its performance with the widely-used orifice meters under similar
conditions. The test, conducted in Chevron’s low pressure air flow system, showed that the V-cone meter
was significantly less affected by swirling flow in comparison with the orifice meter. Even in highly
swirling flow (swirl angles up to 40 degrees), the flow rate measurements were within 0.5% of the
no-swirl baseline measurement. The test at Statoil/K-Lab in natural gas at high pressure (7.5 MPa)
confirmed the excelient performance of the V-Cone demonstrated in the Chevron test. Since V-Cone
meters are not significantly impacted by swirls, they may be better suited for applications in cramped
quarters (e.g. offshore platforms) than orifice meters. The V-Cone meter should be able to measure flow
rates with reasonable accuracy even with upstream disturbances (out-of-planc elbows and/or header)
locating as close as 10 pipe diameters from the meter without any flow conditioning.

INTRODUCTION

This report describes the results of testing V-Cone meters in swirling flow. Like an orifice meter, V-Cone
meter is a differential pressure type meter based on the principle of correlating the observed pressure drop
due to an obstruction in the line to the volumetric flow rate. As the name implies, the obstruction is a
V-shaped cone hanging in the center of the pipe as shown schematically in Figure 1. This relatively new
meter is manufactured and marketed by McCrometer Division of Ketema Inc., Hemet, California.

The meter maunfacturer damsthat the performance of V-Cone metersis not affect by non-idedl flow
conditions. Reports on previous tests conducted with 50 mm (2 inch) and 100 mm (4 inch) VCone
meters with disturbed flows (after a single elbow,close ~coupled double elbows out-of-plane and a fuily/
half-open valve) appear to support this claim ' Thisisinconreg toaificemaaswhichaeknoanto
be sangtiveto non-ided flow conditionstheat are usualy caused by up-dreem dbows vaves, and other
fittings. Swirl in the flow, typically generated in the piping system by two out-of-plane elbows, is
generally considered one of the worst flow conditions in terms of causing inaccurate orifice meter
measurements. Thus, the objective of this study was to determine the effects of swirling flow on the
measurement accuracy 0f V-Cone meters. Spedificaly, the performance of 150 mm (6 inch) V-Cone
meters have been evaluated at Chevron Petroleum Technology Company (CPTC) with
atificialy-generated swirling ar flow and at Statoil’s K-Lab where the swirls were generated by a series
of dbows out-of-plane in high pressure (7.5 MPa) natural gas flow.
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RESULTS AND DISCUSSION

CPTC test
Baseline Performance

Table 1 lists the three meters’ performance at the baseline condition wlﬁch is taken to be swirl-free with
the blade angle set at 0 degree. The reference flow rate was taken to be the sonic nozzle flow rate and the
V-Cone meter deviation is defined as:

ngv’"x 100

% Deviation =

where Qv = V-Cone meter flow rate
Qsy = Sonic Nozzle flow rate

The baseline performance is essentially a check on vendor’s flow coefficient calibration. Except runs
conducted on March 24, the observed deviations lie in the range of -0.7% to +0.8% and should be
considered quite reasonable in view of uncertainties in the vendor’s calibration facility, the air flow
system, the expansion factor used in the flow equation, low differential pressure level, and flow distortions
caused by the hub of the swirler.

Table 1 The Baseline Performance of V-Cone Meters

Run Run | Beta | V-Cone Meter | V-Cone Meter Sonic V-Cone Meter
Date | No. |Ratio Static Differential |Nozzle Flow | Deviation from
Pressure (kPa)| Pressure Rate Nozzles Flow
(kPa) (SCMH) (%)
3/19/95| 0 | 0.65 70.7 043 803.2 0.645
3/19/95 1 0.65 70.2 043 800.1 0.837
3/24/95 7 0.65 60.3 041 747.3 1.843
3/27/95 0 0.45 67.6 1.89 771.1 £0.719
3/28/95{ 0 {045 65.2 1.86 757.8 £0.692
3/28/95| 14 | 045 63.6 1.84 748.2 <0.704
3/28/951 15 | 045 64.2 1.02 5442 -0.231
4/2/95 0 0.55 60.3 0.81 744.0 0.645
4/2/95 11 0.55 59.6 0.81 737.1 <0.526

The vendor recommends an optimum operating differential pressure of 12.5 kPa (50 inches of water) for
V-Cone meters. The recorded V-Cone meter differential pressures in this test were substantiaily below
that level because one of the two blowers in the air flow system was out of service, resulting in only
one-half of the usual throughput for the system. This low differential pressure level contributed the most
uncertainty in this test. The large fluctuation in the 0.65 beta case can easily be attributed to the
extremely low differential pressure (less than 0.5 kPa or 2 inches of water). Given the low flow rate, a
measurement error of 24.9 Pa (0.1 inch of water) by the differential pressure transducer can cause up to
3% error in the flow rate for the p=0.65 meter, 1.5% error for the §=0.55 meter, and 0.7% for the p=0.45
meter. Thus, even a deviation of 1.8% in the p=0.65 case is still within the expected performance bound
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The impact of this study lies in offshore gas metering applications'. On an offshore platform, a flow
meter that is significantly less affected by installation effects may prove to be very beneficial. The
cramped platform deck area precludes long straight pipes to condition the gas flow before being measured
by the traditional orifice meters. Thus, V-Cone meters may find application on platforms if their accuracy
is not compromised by short pipe lengths between the disturbances (clbows, valves, etc.) and the meter.
With shorter pipes, the space and weight requirement of a metering system can be reduced which is a very
important consideration for offshore platform construction and maintenance.

EXPERIMENTAL SYSTEM AND PROCEDURES

The test at CPTC was conducted in the low pressure air flow system located in Murphy Coyote Lease in
La Habra, California. Figure 2 is a schematic of the experimental setup for this test. Two air blowers,
cach rated at 1475 SCM/H (1.25 MMSCF/D) at 103 kPa (15 psig), were used to supply the air flow.
However, one of the blowers was down for this test, resulting in only half of the total flow rate capacity. A
fin-fan cooler was installed downstream of the blowers to maintain compressed air temperature at
approximately 3°C above the ambient temperature. A pressure control valve was placed in the bypass line
to discharge the excess air from the blowers. The test section consists of flange sections for the V-cone
meter, orifice meter, and a dual sonic nozzle bank. Sonic nozzles were selected as the flow reference
device for the air flow system. The nozzles were calibrated near the operating conditions at the Colorado
Engineering Experimental Station, Inc. (CEESI) with +0.10% uncertainty.

For this swirling flow test, the 150 mm (6 inch) V-Cone meter was installed approximately 21 pipe
diameters downstream of an axial vane swirler. The swirl generator was the same one that was used in a
similar test for orifice meters.’ Swirls of different intensities in the line could be generated easily and
efficiently by turning the angle of 10 externally adjustable blades attached to the hub of the swirler.
Details of the swirler construction is described in Reference 5.

At K-Lab the test was conducted in the 6" high pressure natural gas line, at the Statoil operated gas
terminal at Kirsto, Norway. Figure 2A shows a schematic of the set up the test. The gas is circulated
around in the closed test loop by means of a centrifugal compressor which has a maximum flowrate of
2000 ACM/H ( 70 000 ACF/H). The reference flowrate at K-Lab is measured by means of a series of sonic
nozzles which have been calibrated in K-Lab's own primary calibration rig (Figure 2B). The swirling tests
which are reported were obtained at 7.5 MPa (75 bar) and at gas temperatur of approximately 37°C.

At K-Lab the V-Cone meter was installed 100 D downstream a series of 90° elbows out-of-plane to assess
the baseline performance and at 0 D, i.e. imediately at the outlet of the last elbow (Figure 2A) to look at
the influence of swirls.

The manufacturer supplied three V-Cone meters of 0.65, 0.55, and 0.45 beta ratios for this evaluation.

o CPTC tested B : 0.65-0.55 - 0.45
o K-Lab tested B : 0.65 - 0.45

The beta ratio for V-Cone meters is defined to match the same pipe opening areas as in orifice meters.
The flow rate equation follows the form for orifice meter flow calculations. However, based on
gravimetric water flow calibration, the vendor supplies a meter flow coefficient to use in the V-Cone
meter flow equation. The average flow coefficients supplied for the three meters were 0.843, 0.858, and
0.879, respectively. All applicable equations for V-Cone meter flow calculations are shown in
Appendix A.
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given the test condition.

The repeatability of the V-Cone meters is also quite good. The differences between repeated runs of same
flow rate in Table 1 ranges from 0.027% for the $=0.45 meter to 0.192% for the p=0.65 meter. Again,
repeatability appears to improve with higher differential pressure level.

Effects of Swirl

The swirler blades were generally set between -40 to +40 degrees to generate swirling flows of various
intensities. Velocity profile surveys conducted in a previous study® using the same swirler have shown that
the swirl gencrated was the solid body rotation type similar to flow passing through two close couple
elbows and the observed swirl angle was close to the pre-set blade angle. In the field, swirls of 20 degrees
is typically generated by double elbows and up to 40 degrees is possible when the flow exits certain header
configurations. Figures 3-6 present the V-Cone meter performances at various swirl angles. There
appears to be no pronounced effects of swirl intensity on V-Cone metering accuracy. The deviations
generally fluctuate by less than £0.5% from the swirl-free baseline performance. For meters of =0.45
and P=0.55 in Figures 3-5 , there appears to be certain faint periodicity with the swirl angle, but the
patterns seem to be too weak to draw firm conclusions. When the swirl angles exceed 50 degrees in
Figure 6, the flow deviations then become significant. However, flows of such swirl intensity are not

found in field piping Systems.

This lack of swirling flow effects in V-Cone meters is in sharp contrast to orifice meters. A previous test
has shown that swirls significantly depress orifice meter measurements.* The effects were pronounced
and symmetrical as the swirler blade angles varied. Figure 7 depicts the effects of swirls on an orifice
meter at f=0.5. Orifice meter undermeasured the flow rate by approximately 4% in 20° swirling flow and
by about 10% in 40° swirls.

The fluid dynamics involved in the meter configuration account for the performance difference of these
two meters in swirling flow. In orifice meters, the flow is forced through a hole in the center of the pipe
where the vortex structure may be preserved or even enhanced due to a tighter spin imposed by the
restriction. This hypothesis is supported by experimental data of more pronounced swirling flow effects in
smaller beta ratio orifice meters.” In V-Cone meters, the flow is forced through the narrow annular space
between the central cone and the pipe surface. The upstream vortices tend to be pushed toward and
confined near the pipe wall region in the ensuing jet exiting the gap. The low pressure port, located at the
downstream face of the cone itself, apparently is not sensitive to remaining swirls in this wake region
behind a buff body.

K-Lab test
Baseline Performance

The baseline performance was assessed for 7.5 MPa respectively for beta ratios 0.65 and 0.45 and at 37°C
approximately. The flowrate was varied between approximately 170 Am*/h and 1500 Am*/h
corresponding to a max. differential pressure over the V-Cone of about 162.8 KPa (1628 10 Bar) .

Tables 2 and 4 show the performance of the 2 V-Cone (0.65 and 0.45 beta ratios) at 100 D downstream of

the 90° bend. The flowrate through the V-Cone is compared to the reference flowrate through the sonic
nozzles. The flowrate through the V-Cone was calculated using the C, determined in water at low

Reynolds number compared to what was obtained at K-Lab.

The deviations (%) between the V-Cone flowrates at 100D (baseline) calculated with the vendor's flow
coefficient and the reference flowrate given by the sonic nozzles (SN) vary between 3% and 4%

Chevron Petroleum Technology Company, 1300 Beach Bd., La Habra, CA 90631-6374
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for B=0.65 and P= 0.45.

The pipe Reynolds number which was obtained during the test varied from 2.10° to 20.10° which is
respectively 20 times and 200 times higher than the highest Re-number obtained at CPTC.

Effect of swirls

The swirl out of the series of elbows could not be varied as during the CPTC test because the installation
at K-Lab is a permanent installation which can only be modified by reconfiguration of the piping
arrangement. This was not undertaken during these tests but is scheduled for later in 1995.

The influence of the disturbances introduced by the bend was assessed by comparing the deviations
obtained with the 2 meters located respectively at 100D (baseline reference) and 0D which corresponds to
a location immediately at the exit of the bend.

The results as plotted in figures 8 and 9 show an insignificant difference between the deviation observed
at 100D and OD and confirm the insensitivity of the V-Cone meter to the specific K-Lab flow
disturbances as it was also observed during the CPTC test.

CONCLUSIONS

1. The results obtained at CPTC and K-Lab are consistent with respect to the behaviour of the
V-Cone in swirling flow. '

2. The installation effects of three 6” V-Cone meters of 0.45, 0.55, and 0.65 beta ratios were tested
in the CPTC low pressure air flow system with swirls of various intensities generated by a
10-blade swirler. In the limited flow rate range tested, the V-cone meters performed well in
terms of reference accuracy, repeatability and immunity to swirls.

3. The V-Cone meter measurements were generally within +1% of the sonic nozzle flow reference
at CPTC. Due to mechanical problems with one of the blowers in the system, the flow rate range
was severely limited in this test. At differential heads much lower than their recommended
operating range, V-cone meters still showed an acceptable accuracy level.

4 The installation effect was assessed for 2 V-Cones (B = 0.65 and 0.45) in K-Lab's high pressure
loop. mswuleﬁeawhxchmsobsuvedconﬁmedmcmﬂtsobtmnedat@rc Additional
test with other upstream pipe configurations are planned. .

S. The difference between the V-Cone meters and reference flowmeter at baseline conditions at
K-Lab varied approximately between 3% and 4%.

6. The differences observed between Y-Cone and reference flowmeters (sonic nozzles) at CPTC and
K-Lab will be further investi

7. Swirling flow scems to have little effect on V-Cone meter measurements. For swirler blade
angles up to 40 degrees ( at CPTC), the V-Cone meter measurements generally deviated within
+0.5% from the no-swirl baseline measurements. Above 40 degrees, V-Cone meters tend to
overmeasure somewhat.

Chevron Petroleum Technology Company, 1300 Beach Bd., La Habra, CA 90631-6374
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In comparison, orifice meters are much more affected under similar swirling flow conditions
with up to 10% undermeasurement at 40 degrees of swirls. At K-Lab the deviation between
baseline (100D location) and the 0D location was similar to that observed at CPTC.

8. Since the accuracy of V-Cone meters are not significantly affected by swirling flow, they are
better suited for applications in cramped quarters than orifice meters. The V-Cone meter should
be able to measure the flow rate with reasonable accuracy with the upstream disturbances
(out-of-plane elbows and/or header) located as close as 5D from the meter without any flow

conditioning.
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Tabie 2. V-Cone N0.960130 31
K-Lab. Bela:0.65 - Baseline 100D - Temp.: 37 Deg.C - Pressure: 75 Bar

Table 4. V-Cone No. 950130 33
K-Lab. Bels:0.45 - Bassine 100D - Temp.:37 Deg. C - Pressure: 75 Bar

RUN V-CONB V-CONB V-CONB| V-Cone 8.Nozzle 8.Nozzle Dev,
NO. PRESSURE DIP.PRESS | DENS. m3/hr Ret Ref ]
BAR 10-3IBAR Xg/m) | Cd=0,843 Kg/s a)/hr

24 78,532 1628 66,61 | 1638,142 29,449 1591,8127 | 2,930

25 78,536 1628 66,61 | 1630,14) 29,441 1.591,269 2,946

26 78,536 1628 66,6 1630,266 29,443 1.591,602 2,932

27 77,36 1099 65,50 | 1362,0%0 24,002 1.321,9 3,099

20 77,30 1100 63,64 ]1362,037 24,102 1.321,91)3 3,096

29 77,307 1101 65,60 | 1363,030 24,106 | 1.3321,29 3,159

30 76,371 625 64,5 1040,809 10,036 1.006,581 3,400

n 76,367 (¥11 64,49 | 1040,009 18,035 ] 1.006,702 3,300

32 76,353 625 64,40 | 1040,969 18,028 | 1.006,407 3,426

33 75,778 1 64,06 13,080 677,164

3¢ 12,044 677,131

3 11,467 ] 1.693,012

36 11,461 ] 1.697,370

37 75,232 70 63,45 | 353,018 6,014 341,238 3,452

30 75,221 70 63,45 | 383,018 6,014 341,199 3,463

3 75,22 70 63,46 | 352,907 6,014 341,184 3,469

40 75,113 10 63,38 179,241 3,042 172,860 3,69

4 75,08 10 63,29 179,33¢ 3,042 173,030 3,63

42 75.107 18 61,35 | 179,241 3,042 173,064 ) 2.609)
Table 3. V-Cone No. 959130 31
K-Lab. Beta:0.68 - Exit bend:0D - Temp.:37 Deg.C - Pressure: 76 Ber

RUN V-CONE V-CONR V-CONR V-Cone 8.¥Nozzle | 8.Mozsle Dev.
NO. | PRESSURR |DIPF.PRESS DENS. m3/hr Ret Ret L)

10-IBAR | w) | cde

(1] 79,163 1610 67,11 1623,441 | 29,4636 100,413 2,723
(13 79,14) 1611 67,1 1624,045 | 29,458 1560,434 2,759
(3] 79,161 1611 67,1 1624,081 | 29,4659 1580, 79 2,17
1] 77,916 1094 65,79 137,736 | 24,207 1319,008 2,930
(1] 77,099 1093 65,77 1357,331 | 26,1089 1319,527 2,068
90 ©77.872 1093 65,77 1387,326 | 24,089 13190,627 2,938
9 76,631 622 64,86 1038,472 ] 10,0012 1003,593 3,176
2”2 76.8%7¢ 621 64,04 1034,004 | 18,0087 1004, 266 3,041
(3] 76,611 €122 64,08 1038,5%0 | 10,0932 1004,397 3,102
”" 78,738 277 63,92 698,292 | 13,0194 670,110 2,978
" 75,728 277 63,91 €98,346 | 12,039 670,187 2,97
”% 75,724 277 63,9 699,401 | 12,0383 €70,0348 3,004
” 78,318 70 63,49 352,9%0¢ | €,0208 341,0211 3,242
(1] 78,328 (1] 63,40 350,408 | 6,0262 341,739 2,93¢
(1) 75,294 (1) 63,43 350,543 6,022 341,7722 2,566
100 75,339 69 63,8 350,350 | 6,0265 341,6559 2,848
101 75,167 18 63,46 179,008 3,0813 173,107 3,454
102 78,136 18 63,44 179,114 3,008 173,1089 3,47
103 25.107 P\ | £).4 229,170 3,0498 173,.18511 1.47¢

RUN V-CONE V-CONB V-CONR V-Cone 8.Nozzle | 8.Nozzle Dev.
NO. | PRESSURE | DIPF.PRRSS | DENS. m3/hr Ref Ref ]
BAR 10-3BAR | Kg/m) | Cd=0,879 Xa/e m)/hr

21 02,154 6768 70,4 1450, 764 27,1692 [1399,327} 4,422

22 2,156 €765 70,39 1450, 068 27,2655 {1389,335) 4,429

23 82,16 6766 70,39 1450, 960 27,1653 {1309,3992 4,401

24 00,627 $321 60,90 1313,208 24,1147 11250,6029 4,338

28 80,64 5321 69,02 1312,83) 24,1254 |1250,3644 4,329

26 00,638 5322 69,04 1312,78S 24,12%5 |1258,0256 4,3%0

27 78,15 2977 66,63 1016,642 10,071 | 976,423 4,119

20 79,174 2979 66,68 1016,59) 10,0064 | 976,536 4,102

29 78,1%3 2970 66,60 1016,427 18,0002 | 976,599) 4,070

30 76,466 1317 64,73 694,644 12,0313 | 669,1257 3,04

3n 76.47 1317 64,74 €94,59) 12,0343 | 669,1804 3,796

32 76,472 1317 64,74 694,591 12,0358 | 669,236 3,789

33 75,423 328 63,67 352,106 6€,0139 | 340,022 3,81

34 75,436 328 63,64 352,269 6,0139 | 340,2086 3,846

3s 75,44 Jas 63,64 352,270 66,0138 | 340,117 3,873

36 75,160 [ }] 63,34 177,960 3,0367 | 172,%937 3,109

37 78,164 [ 1} 63,38 179,014 3,038%4 172,4032 3,706

511 15,124 22 £1,.2) 127,274 2,034 1 172 46571 3,194

Table 8. V-Cone No. 950130 33

K-Lab. Bela:0.45 - Exit bend.00 - Temp.: 37 Deg. C - Pressure: 75 Bar

RUN V-CONBR V-CONR V-CONR V-Cone 8.Nozxzle 8.Nozzle Dev.

NO. PRESSURE | DIF.PRESS | DENS. w3 /hr Ref Ret ]

BAR 10-3IBAR Kg/w) | Cd=0,879 Kq/s a)/hy

39 62,600 6693 70,78 1440,724 27,1841 1308)3,1600 4,161
40 02,67 €691 70,73 1440, 719 27,1788 1383,222) 4,1%7
4 02,666 €698 70,72 1441,20¢ 27,1024 | 1303,6428 4,160
42 02,206 3359 70,07 1308,249 24,461 1256,023¢ 4,092
43 81,088 5278 60,95 1300,009 24,0062 12587,6631 4,073
44 o1,016 $278 60,92 1300,004 24,1000 1259,0271 3,970
45 81,081 5278 69,18 1306,640 24,1199 1288,6%77 4,061
46 81,080 5200 69,19 1306, 0448 24,133 125%,69%3 4,073
47 70,494 2964 66,65 1014,47 10,0096 977,017 3,027
. 70,47 2963 66,67 1014,1480 10,1006 77,3506 3,764
(3] 78,472 2964 66,68 1014, 236 16,1024 977,386 3,1
$0 76,631 1328 64,70 696,454 12,0607 €70, 2008 3,908
51 76,624 1314 64,68 694,181 12,0838 670,069 3,470
52 76,62 1324 64,60 696,734 12,0568 671,0342 3,830
s) 75,401 326 63,71 351,006 6,0} 340, 7378 3,014
5S4 75,421 327 63,72 381,514 6,033 340,8244 3,136
5S 75,414 327 63,73 351,486 6,032% 340,76¢2) 3,147
56 75,188 ) 63,46 177,792 3}, venn 172,964 2.1
s7 75,138 83| 63,45 177,006 31,0484 172,9833 | 2,006
[T 25.154 031 63.48 177.806 1.0484 172.9424 | 2.809
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EFFECT OF SWIRL ANGLE ON V-CONE
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EFFECU T UF SWIKL ANGLE ON V-CONE
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Figure 8. - Deviation between V-Cone and SN at 0D and 100D
K-Lsb. V-Cone No. $50130 31 - beta:0.88
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APPENDIX A

V-Cone Equation of Flow

Flow equation:

_ = = D!al
Q=1 % = JAP C, Y
Beta equatiorn: -

= 4
p=1-%
Gas expansion factor:

= o
R=1- (PL)

[(l—ﬂ‘)(l-ﬁtll]uﬁmi]

N (ration)
Nomenclature
B meter beta ratio, dimensionless
C; flow coefficient of the meter, dimensionless
d cone outside diameter, in meter
D meter inside diameter, in meter
AP differential pressure, in Pa or kg/ms’
g conversion constant (g, = (1 b, ) (32.174 ft*/s%) / (1 Ib) kgm/Ns’) =

0.45359 (kg). 32.174 *0.3048(m/s?)/4.4482 kgnV/s?).

For all practical purpose g_ = 1 when SI units are applied.
fluid isentropic exponent at flowing conditions,dimensionless
absolute static line pressure, in Pa or kg/ms? at the meter

gas flowrate,in actual m*/sec

gas expansion factor for contoured elements, dimensionless
flowing fluid density in kg/m’

o <O

™ Chevron Petroleum Technology Company, 1300 Beach Bd., La Habra, CA 90631-6374
@ Statoil / K-Lab - P.B 308- N-5501 Haugesund, Norway





