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IN1'kJDOC'tIOH 

DUri.ng the autumn of 1985 Bl:ooks Instruments held an exbihi tion at an 

botel in Aberdeen to daDonstrate the range of equipoent they produce. on 

show at the exbibition was the MicraDOtion mass flow meter, which operates 

OIl the OOriolis principle. .b an engineer who spends his life having to 

Clesign orifice -and t;nrtrine meters into difficult locations the virtual 

lack of flow ocmditioniD;J prior to the meter seaned too good to be true. 

At the time we identified the following potential advantages of the meter 

over its more established rival types: 

1	 Relative ease of installation resulting fJ:Clll~t lack of flow 

oondi ticminq requirEments. 

2	 LoW maintenance costs and hence law "real" cost of ownership. 

3	 The potential for use on new &welopnents, particularly offshore 

satellite CIevelopnents, where additional savinqs are of obvious 

importance. 
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1'o11owiDq an initial appraisal of the meter it was decided to approach the 

Department of EDel.'gy to iDvestiqate their aoceptance of the meter for 

Fiscal service. A D150 meter, rated at ANSI 1500, was procured for trial 

on the Cl~re condensate system. 

In view of the decl.ared intention to bave a meter of this type adopted for 

Fiscal duty it was decided to check the manufacturers calibration at SmA 

before the field test began. This calibration chec1t was carried out 

during early May 1986. 

The meter was tested in the SmA No2 flow laboratory. '!'he: -flowmeter was 

mounted in a straight, borizontal pipeline of 1.5 inch naninal bore, with 

an upstream straight length of 150. The Mass was determined by weighinq 

under static conditions, using a gymsoopic force measurementsystem. A 

mass of fluid was diverted into a weightank. in a measured time. The mass 

of fluid was corrected for air buoyancy, following which the mass flowrate 

was calculated. 

The flow meter was initially tested on kerosene at 30 °celcius, the test 

was then repeated using a qas oil as the test fluid at 30 °Celcius. 

Tmoughout the test the tarpe't'ature was maintained to within 0.2 

°celcius of setpoint. 
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The fluid densities were detenni ned using a diqita1 density meter 

cperatiDq on the vibrating tube principle. Fluid viscosities were 

measured usinq suspended level viscxmeters, in accordance witb BS 

188:1977. 

All equipment used during the tests was traceable to UK national 

The flow measurement uncertainty was estimated to be +/- 0.2% 

of the true ocmventicmal value(95\; confidence level) 

A scbanatic of the test loqt is sbowD in figure 1. 

SIRA Test results 

The densities and viscosities of the two test fluids at 30°celcius were 

as follows: 

790.9 FJ:Vm3 1.41 cst 

837.9 FJ:Vm3 4.81 cst 

The tabulated results of the tests on l(srosene an Gas Oil are given in 

figures 2 and 3 respectively. A plot of the results is qiven in figure 4. 

The test results indicated that the meter perfo:tmed within the 

manufacturers stated accuracy of +/- 0.4 percent. 
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Following the caupletion of the work at SmA the meter was then shipped 

offshore to C1aymore for installation on the condensate systan, Clawnstream 

of the existinq Fiscal orifice meter nm. The meter was installed in the 

line in JuDe 1986 however, due to the extremely heavy wol:icload with the 

Bcapa develqment, the meter was DOt tXI1ID; ssicmec1 lmtil early 14pril 1987. 

It was realised that the physical installation of the meter was far fran 

perfect. However, this would test the ability of the meter to cope with a 

lack of flow condition; nq. In an effort to eliminate any later criticism 

of the installation fran the manufacturer, representatives of Brooks were 

invited to visit Claymore and approve the installation for themselves. No 

st.1'onq objections were received following the visit and the test belatedly 

began on the 1at May 1987. The meter is shawn in fiqure 5 with the 

installation given in figure 6 and 7. 

Durinq the test, the meter was zeroed once and DO :fUrther adjustments or 

replacements were made to either the meter or electronics. 
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It was aecided that the only way to test the meter was to record the daily 

total reqisterec1 on both the orifice and the OOriolis meter totalisers. 

The totals on the orifice meter were taken autcmatica1ly at midnight l:Jy 

the platfOllll metariD:J supervisory oc:aputer whilst the ())riolis meter total 

was recorded mamplly at midnight. This is not believed to have affected 

the results of the test by any significant amount. 

Figures 9 and 10 shaw the variation in the OOriolis meter readings in 

relation to the orifice measurement. It is important to point out that 

the erzor, altbou;Jh depicted as beirq in the COriolis meter, may just as 

likely be in the orifice meter. The O"'I'1[Nirativetest was nm at the 

conditions that prevailed on the platfoIm at the time, DO variation of the 

process conditions otber than those required to operate the plant were 

possible. The relatively large negative peak which occurred in mid August 

was related to a period of \DlStable plant operation although, the actual 

cause of erzor bas not been fully iClentified. It is very interesting to 

note that, when 0CIJl)&rinq the above plot with the plot of measured density 

the significant positive peaks coincide with positive chanqes in density. 

'l'his may well be a function of the flow in the ClensitaDeter bypass loop 

associated with the orifice installation. A ocmparison of the mass and 

density plots is shown in figure 11. 

Figures 12 and 13 :ll!dieate the process conditions throu;JhOUt the test 

period. 
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The plant vibration was measured in the vicinity of the meter to see wbat 

vibration was present as the meter was located in the main oaopressor 

m:x1nle.. Tbe results of these tests are shown in figure 8. The meter does 

not appear to be effected by the plant vibration, which was typical of an 

offshore installation with heavy J:Otatinq macbi nary in the c10se vicinity. 

The mater was removed fzaa the co""ensate system on 1at ltpril 1988. It 

was then ClsciCled to c10se the evaluation test with a turtber calibration 

check, now almost two years since the original test at SIRA. The 

lMDUfacturer offered to calibrate the meter at their plant in Bolland. 

The tests were carried out at Veenendaal. on the 9-10 JUne 1988, with 

representatives of the Department of Energy and occidental in attendance. 

The calibration was carried out on water usinq a load ce1l to measure the 

mass. Details of the calibration loop used at VeenendaaJ are shown on 

figure 15 

On exmnenoanant of this cali.bration the short teJ:m repeatability of the 

meter was axt.remel.y poor. The test was halted and a detailed inspection 

was carried out during which it was discovered the earth connection to the 

sensor had been severed inside the flaxibl.e conduit connection. This 

damage bad been suffered in transit due to the position of entry qland in 

relation to the lid of the 1:Iax. 
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0D0e tbe aboYa problEm bas been corrected the meter again perf()J'lllAd within 

specification, as sbaWD on figure 14. 

The mater tested by occidental bas demonstrated its potential. as an 

accurate, stab1e and re1iable meter suitab1e for use on Fiscal 

applications in tba future. HaWeVer, ODe area which requires further 

dsvelopDBDt is tba measurement of density witbiD the meter. The accurate 

measuranent of deDsity, toqether with the mass flow, would allow 

calculation of vol\lD8. EVen in a mass measurementmultiuser pipeline 

system the volume of fluids is :iDp)rtant as this will always be required 

for reservoir managaDBDt and tariffing pu:poses. 

Earlier this year occidental bad selected OOriolis meters to measure tlJs 

flow of bigh pressure con&msata fraa. the Chanter field. HoWever, due to 

recent events, this deYelopDellt is under reappraisal. A sketch of the 

prep:!sed :iDstallation arraDgEIIIBJlt is shawn for interest in figure 16. The 

verification of the meters calibration was to bave been carried out 

off-line with only O""p!ri.son checks beiJq carried out in service. 
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The autbor woul.d like to tbaDJt onion Texas, 'l'eX:aCO Britain, Tbrmson North 
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TEST RESULTS
 
KEROSENE AT 30°C
 

FLOWRATE 
t/h 

METER FACTOR 
pulses/t 

OUTPUT FREQUENCY
Hz 

29.38 358999 2930 
29.35 359182 2929 
29.43 359025 2935 
29.42 358756 2931 
29.41 358755 2931 

27.01 358726 2691 

21.04 358087 2093 
21.06 358222 2096 

24.16 357975 2402 

20.54 358176 2044 

17.99 358333 1791 

24.20 357952 2407 

14.81 357764 1472 
14.76 358280 1469 
14.73 358136 1466 
14.83 357980 1475 
14.79 358102 1471 

11.95 358280 1189 

9.000 357561 894 

6.003 357525 596 

3.090 357867 307 
3.083 357663 306 
3.083 357997 307 
3.079 358003 306 
3.083 357488 306 

FIGURE 2
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TEST RESULTS
 
GAS OIL AT 30°C
 

FLOWRATE 
t/h 
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FIGURE 3
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MICRO MOTION 0150 MASS FLOW METER
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0150 METER 
ANSI 1500 PRESSURE RATED 

FIGURE 5 



CLAYMORE 'AJ 

PIPEWORK ISOMETRIC FOR
 
CORIOLIS METER INSTALLATION
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CORIOLIS METER INSTALLATION CLAYMORE
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BACKGROUND FREQUENCIES PRESENT ON 
CLAYMORE MEASURED 1 FOOT FROM OUTLET 
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CLAYMORE CONDENSATE
 
COMPARISON OF CORIO us METER VS ORIFIC"E PLATE
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CLAYMORE CONDENSATE
 
COMPARISON OF CORIOLIS METER VS ORIFICE PLATE
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CLAYMORE CONDENSATE 
VARIATION OF AVERAGE FLOWING DENSITY 
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CLAYMORE CONDENSATE
 
VARIATION OF DAILY FLOW, PRESSURE AND TEMPERATURE 
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0150 MICROMOTION METER 
POST INSTALLATION CALIBRATION 
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DIAGRAM OF CALIBRATION FACILITY AT BROOKS INSTRUMENT
 
PLANT VEENENDAAL HOLLAND
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PROPOSED CORIOLIS METER TYPICAL HOOK-UP
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