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SUMMARY

The paper investigates the recommendations given in the new draft
international standard (IS0O/DIS-9951) for gas turbine meter on
density measurement, metering pressure tappings, calibration and
installation conditions, where they differ significantly from the
AGA-7 report.

The volumetric flowrates measured by several 6" gas turbine meter
have been compared to the mass flowrates from K-Lab's reference
flowmeters of sonic nozzles. The density value, necessary to
convert the reference flow from mass to volume, is either
calculated at the rotor location (as per 150/DIS-9951) or measured
downstream of the meter (as per AGA-7). This investigation focuses
on the importance of the density evaluation and its influence on
the accuracy of the computed mass flowrate.

It reviews as well the location of pressure tapping points,
the calibration conditions and the installation conditions during

calibration.

Karstp Metering and Technology Laboratory [K-Lab] is operated
by STATOIL and jointly owned by STATOIL (2/3) and TOTAL (1/3).
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RESULTATER AV UNDERS@KELSER SOM SAMMENLIGNER NOEN AV ANBEFALINGENE
I TURBINMALER STANDARDENE 1S0-9951 OG AGA-7.

SAMMENDRAG

Artikkelen undersgker noen av de anbefalingene fra det nye inter-
nasjonale standardutkastet, IS0O/DIS-9951, for gassturbinmalere
mht. tetthetsmaling, tappepunkt for trykkmdling, kalibrerings- og
installasjonsbetingelser, hvor de avviker betydelig fra AGA-7
rapporten.

Volumstrgmmen mdlet fra flere 6" turbinmalerne har blitt
sammenlignet mot K-Labs referansemalere som er soniske dyser.
Tettheten, som er ngdvendig til & konvert referansestrgmmen fra
masse til volum, er enten beregnet ved rotoren (se ISO/DIS-9951)
eller mdlt nedstrgm av mileren (se AGA-7). '

Denne undersgkelsen fokuserer pa hvor viktig tetthetsmalingen er
©g hvordan den pavirker ngyaktigheten av beregnet massstrgm.

Lokaliseringen av trykktappingspunkter, strgmningsforholdene og
installasjons-betingelsene blir ogsa diskutert.

Statoil er operatgren av Karstg Male og Teknologi Laboratorium
[K-Lab)] som er en «joint-venture» mellom Statoil (2/3) og TOTAL

(1/3).

RESULTATS D'ETUDES COMPARANT QUELQUES UNES DES RECOMMANDATIONS
DE 150-9951 ET DE AGA-7 POUR DES COMPTEURS A TURBINE

RESUME

Cette publication étudie les recommandations de la nouvelle
ébauche de norme internationale IS0/DIS-9951 sur les compteurs
a turbine, en ce gui concerne la mesure de la densité,

la localisation des prises de pression, et les conditions

d'étalonnage et d'installation, 1la ou elles différent de fagon
notable du rapport AGA-7.

Les débits volumiques mesurés par plusieurs compteur a turbine ont
été comparés en gaz naturel aux débits massiques mesurés par des
tuyéres soniques qui sont les compteurs de référence & K-Lab.

La masse volumigue, nécessaire pour transformer le débit de
massique de référence en débit volumique, est soit calculée au
niveau du rotor (confer IS0/DIS-89951) soit mesurée en aval du
compteur (confer AGA-7). Cette é&tude souligne 1'importance de

la détermination de la masse volumigue et son influence sur

la précision des débits massiques correspondants.

Ce papier fait également le point sur la localisation des prises
de pression, et sur les conditions d'installation et d'étalonnage.

Statoil est opérateur de K-Lab [Karstg Metering and Technology
Laboratory}, une joint-venture entre STATOIL (2/3) et TOTAL (1/3).
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1. INTRODUCTION

Although gas turbine meters are widely used in low pressure
distribution networks, new international directives {drafted in
«ISO/DIS-9951», see reference n°2) are necessary in order to allow
turbine meters in being fully accepted for fiscal service,
especially in the North Sea, were operating conditions are far
away from usual calibration conditions. The requirements
prevailing today are those reported in the Transmission
Measurement Committee Report N°7 («AGA-7» in short, see ref. n°l).

This laboratory investigation compares the recommendations
circulated in 1990 by the International Standardization
Organization for gas turbine metering (IS0/DIS-9951) to those
issued in 1985 by the American Gas Association (AGA-7).

Kéarstg Metering and Technology Laboratory [K-Lab, a metering
laboratory located at Karstg, Norway] operates a test loop which
normally runs on natural gas at pressure ranging from 20 to 156
bar at approximately 37°C. The reference meters for the test loop
are a bank of toroidal throat sonic nozzles (see section
s«reference flowmeters and statement of uncertainty»)}.

Tests on 6 different types of turbine meters were performed during
the period October 90 -August 92.

2. DESCRIPTION OF THE TESTS

2.1 General installation conditions

The turbine meters were installed at K-Lab in a 6" test-section,
with an internal diameter of 0.1397 m.
The schematic of the K-Lab test loop is shown on layout 1.

The different test-section installations are detailed in the
sections describing the various tests undertaken. The common point
of all meter installations is that they comply with both AGA-7 and
I1S0/DIS-9951. '

The flow-straightening vanes used are built according to the AGA-7
requirements. Velocity and swirl profiles have been checked and
comply with AGA-7 (see ref. 5 and 7 from the same authors).

. eference f1l eters d stateme C

The reference flowmeters are K-Lab's bank of toroidal throat sonic
nozzles, designed according to IS0-9300 and individually primary
calibrated in K-Lab's gravimetric calibration rig using natural

gas.

The reference mass flowrates measured using the sonic nozzles are
evaluated to have an uncertainty of 0.3%, calculated with two
standard deviations.
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. ther instrumentation used during the tests

The two gas density transducers used during testing (a low density
transducer from 0 to 60 kg/m?, and a high density transducer from
0 to 400 kg/m?) provide a continuous measurement of gas density.
The transducer sensing element consists of a thin metal cylinder
which is activitated so that it vibrates in a hoop mode at its
natural frequency.

The mass of gas, passing over the inner and outer surfaces oOf the
cylinder and vibrating with the cylinder, decreases the natural
frequency of vibration. Frequency and gas density are related.

The densitometers were installed and operated according to
manufacturer requirements and to normal operating procedures used
in metering service (see ref. n®3 and n°%).

The meters sized for 6" pipes were normal, industrial.type, gas
meters having dual output transmitters fitted for increased
accuracy.

They were tested from 20 bar (2 MPa) to 100 bar (10 MPa) and the
flowrates ranged from 50 acmh (actual cubic meter per hour) to the
maximum (1000 or 1600 acmh) allowable for each turbine meter.

ali ion ocedure

After the check of instrumentation, the control of pressure drop,
and the measurement of velocity profiles and swirl angles, the
turbine meters were calibrated to check for any hysteresis effect;
their linearity and repeatability were checked as well (see ref. 5
and 7). The turbine meters are identified as A, B, C, D, E, F,
which is consistant with the notation used in references 5 and 7.

The turbine meter signal recorded was its output pulse frequency.
The reference mass flowrates from the sonic nozzles were converted
to volume flowrates by the density in the test section. Density
measurements were taken at the location of the turbine meter body.

The measurements were then conducted at 37 °C, from 20 to 100 bar.
The range of volumetric flowrates corresponded to Qnin’ 10%, 25%,
40% and 70% of Q of each meter.

An integration tTRE of 3 minutes has been used.

At each flow rate, 3 separate runs were performed.

During all these tests, no abnomalies were observed.

2.5 Calculations

The flow measurements by turbine meters reported in this paper are
expressed in terms of % deviation from the reference flowrates of
sonic nozzles and are computed as follows :

100 x [{(Turbine Meter flow) - (Reference flow)] / [ref. flow]
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3. DENSITY MEASUREMENTS

The main requirements in fiscal metering stations which will be
discussed in this paper within the framework of the two standards
are the measurement of gas density at operating condition in order
to obtain the mass flowrate, the pressure tapping location, the
calibration and the installation conditions of the turbine meter.

Concerning the 2 main first issues, possible differences in both
temperature and pressure between the measuring chamber of the
densitometer and the pressure tapping were investigated because
the mass flowrate calculation provides that the measured density
is the true density at the metering pressure tapping.

As turbine meters are volumetric flowmeters, density has to be
determined in order to get the mass flowing through these meters.
This determination is of paramount importance when a turbine meter
is calibrated in facilities which are using mass flowmeters (sonic
nozzles for instance) as reference to measure the true mass
flowrate through the test section.

Even in laboratory conditions, it is difficult to measure the
density accurately. Particularly, densitometers are very sensitive
to the temperature of the gas sample circulating through the
densitometers. )

3.1 standards requirements

ISO requires in section A.8.3 that

«The conditions of the gas in the density meter should represent
the conditions in the turbine wheel over the operating flowrates
of the meter».

AGA specifies in section 3.8.3 that

«In the use of densitometers, while it is desirable to sample the
gas as close as possible to the rotor conditions, care must be
exercised not to disturb the meter inlet flow or to create an
unmetered by-pass».

In practice (reflected here by the AGA-7 report), a length of

5 pipe diameters (5D) downstream of the meter body, is often
considered to be as close as possible, without perturbating the
flow profile significantly.

3.2 Laboratory tests

Figure n°2 shows a typical insulated configuration of densitometer
for turbine metering. It is a by-pass installation where the
sample gas flows through the probe and is then sent to flare
through a needle valve.
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Even if there is a risk that the measured density in such a
by-pass loop does not represent the density at conditions
reqguired, this arrangement is often preferred in metering service
because maintenance, checks and verifications (such as vacuum
test) are more easy to perform. Further, protection of the
measuring element is more easy to design and control than with
inserted densitometers (see ref. 4).

This very configuration is used in K-Lab's test section to get the
mass flow rate evaluation when using turbine meters.

The densitometers were installed in a 6" test section, within 5D
(5 pipe diameters) downstream of turbine meter A.

turbine meter A was installed 15 internal diameters of straight
pipe (15D) downstream of 2 twisted bends. A flow conditioner
specially designed by K-Lab was installed upstream of the meter.
The meter proved during several tests to give very repeatable and
reproducible results, which is important for the present tests.

The tests were done in February with a gas temperature of 38°C in
the test section, which is about 30°C above the average ambiant
temperature during the year. The sample gas flow has an initial
temperature which is approximately the line temperature.

By exchanging heat with the environment the gas temperature of the
sample will change. A difference between the temperature inside
the densitometer compared to the line temperature might occur,
even if the densitometer is installed into a pocket protuding in
the pipe.

Therefore a cold ambiant temperature cools the sample gas, which
should ideally be maintained at the same temperature level than
the flow.

As the same gas is continuously circulating around the calibration
loop, the gas composition could be measured accurately with an in
line gas chromatograph and the density, calculated with the AGA-8
equation (1985 version) could be used as reference in this test.

A densitometer was installed in a specially manufactured pipe
spool. Both the densitometer and the inlet tubing were well
insulated within a box mounted arocund the instrument. The length
of pipe between sample take off and densitometer was minimized and
kept as close as possible to the surface of the meter run pipe.
There was no heater in the box.

All these precautions were taken because the temperature
difference between sample gas flow inside the densitometer
and main gas flow depends on the type of insulation, heating
or cooling, piping geometry, and sample flowrate as well as
on the difference between ambient and run temperature.

As previously said, the piping geometry and the insulation were
optimized for these tests. No supplementary heating or cooling was
provided in the test section because a temperature equilibrium is
difficult to achieve, due to ambient temperature variations and
various exposure to sunlight.

page 6




K-Lab 92

When it comes to the standards, two requirements have to be
compared : The installation which impact on the temperature used
for densitometer correction and the sample flowrate which impact
directly on density measurement.

The two following set of tests relate to these two requirements

.2.a Densitometer correctio lated to temperature vari (o)

In these tests, the sample flowrate was fixed to approximately
25% of the maximum sample flowrate available in the first set of
testing. This value of 25% represents rotameter reading and was
arbitrary choosen within the range recommended by the
manufacturer.

The study depends on the location of measuring the true inside
temperature. Since densitometers with internal temperature element
were not available till now, external temperature element must be
installed. Up to now, it is possible to measure the temperature in
the metallic wall (T ) or the temperature upstream of the meter
(T ); see figﬁﬁélz.

upstream’’
Laboratory tests proved that the density finish to be adeguated
with the true density whatever the sample flowrate when the
density is stabilized sufficiently long time. By using proper
procedure and sample flowrate, the waiting time can be reduced to
some minutes. However, during this first set of tests, the sample
gas flowrate and the waiting time were deliberately fixed, so that
the density was broadly stabilizated.

The tests were carried out at 100 bars and 20 bars. At each
flowrate 3 test-points were obtained with the measured density.
The computed density was then calculated from the mean pressure at
the rotor location, mean line temperature and gas composition.

The difference between the two is calculated and plotted.

Both results at 100 and 20 bar are summarised in figure n° 3.

On this figure, the plotted results referred to wall temperature,
used for densitometer correction, because it is assumed to fit
better the true density.

sit asure t ted to s e wrate tio

The previous calculation documents as well why a laboratory
procedure is so useful: Even if precautions concerning density
stabilisation, and usual corrections for deviation from an ideal
situation can reduce temperature effect in laboratory conditions
as explained, one will always have to cope with this problem in
field metering.

In that case, adjusting properly the sample gas flowrate will be
the solution. This has been investigated further by performing the
following tests, which intended to check, and try to improve the
procedure K-Lab uses for density measurements by densitometers,
using the AGA-8 equation (1985 version) as reference.
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Another 6" turbine meter of the same type was installed (see ins-
tallation sketch n°4). The tests consisted to vary the sample gas
flow through the densitometers by closing more or less the needle
valve (see figure n®2), from 10% to 100% of the maximum sample
flowrate.

Testing was performed at 35 bar and 37 °C. The measured density

was obtained with two positions of the temperature sensors used

£ . 0
or temperature correction (Twall’ and Tupstream’ see figure n®2).

Only the results obtained with T 1 will be reported here.
(However, the same procedure coutd ﬁe done with T ).

The temperature of the insulated box was maintained at 28 °C.
The tests were runned at 30% and 70% of the maximum flowrate of
the turbine meter.

upstream

As said before, generally, the density finish to be adequated with
the calculated density, whatever the flowrate, when the density is
stabilized sufficiently long time. After start up of a cold meter

run, it would take hours before the density was stabilized without
the proper sample flowrate (with it some minutes were sufficient).
During these tests, we always waited for density stabilization.

3.3 Discussion of the results

- ensitometer co ction (see figur

At 100 bar the results show a difference between measured and
computed density of 0.5% at 966 acmh (actual cubic meter per hour)
and 0.9% at 45 acmh.

This deviation is more than expected and is larger at the lower
flowrates. It shows again how difficult it is to measure density
without a proper procedure. Moreover, it is especially difficult
at low flowrates were the gas cools down faster.

For turbine metering, it means that this is not a proper method of
measuring the volume reference flow.

At 20 bar the results were expected to be worse than at 100 bar
because the gas transports less gas and heat than at 100 bar.
Nevertheless the difference between measured and computed density
was between 0 and 0.2%, which is within the uncertainty bands of
both the densitometer and the AGA-8 equation.

At this pressure, a low-density densitometer was used, but it
seems difficult to impute the improved results to it because both
high-density and low-density densitometer were of the same type.

The most likely explanation is that the flowrate through the inlet
tubing of the densitometer is higher at low pressure.

Indeed, if the flowrate has a higher value through the
densitometer, the gas has no time to cool down so much, and the
densitometer should provide a more accurate density.
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The recommended procedure for the densitometers used was to
control the sample volumetric flowrate through its rotameter

(see pocket installation drawing n°2) to 25% of the maximum sample
gas flow at all main flowrates and pressures.

The volume flowrate of sample gas flowing through the rotameter
and the densitometer is dependent on the density of the gas;

lower density provides higher volume flowrates through the
densitometers : The density value at 100 bar is about 86 kg/m® and
the value at 20 bar is about 15 kg/m®. Then, if the sample volume
flowrate through the rotameter is 25% of the maximum volume sample
flow at both 100 bar and 20 bar, the volume flowrate at 20 bar is
several folds the one at 100 bar :

V(P100/P20) = 2-4
where P100 is the gas density at 100 bars and Pag at 20 bar.
The calculation use the general equation given for the rotameters.

Therefore, at lower pressure, the actual sample flowrate through
the rotameter and the densitometer becomes higher (even if the
level in % is the same); this results in a decrease. of transporta-
tion time between tapping and densitometer; hence the risk of
temperature decrease is minimized.

Such densitometer-correction effect is not taken care of in the
AGA-7 reports, but is implicit in the ISO recommendation because
it refers clearly to the flow conditions in the turbine wheel.

. 3. ample owrate (see figure

For both pressures tested, the minimum sample gas flowrate (10%)
is to be selected in all cases, when using the temperature sensor
associated to the densitometer (in the wall).

Such sample-flowrate effect is not taken care of in both
standards.

. o sio

In AGA-7, the practical procedure recommended for density
measurement should be improved by taking care of densitometer
correction and of sample flowrate.

Replacing measurement by calculation would be another solution,
which is implicitely allowed by the new ISO/DIS-9951 requirements.
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4. METERING PRESSURE TAPPINGS
tand irement

In section 6.6.1, ISO requires that :

«At least one metering pressure tapping shall be provided on the
meter, to enable measurement of the static pressure that equals
the static pressure at the turbine wheel of the meter at metering
conditions».

AGA recommends in section 3.8.2 that :

«A pressure tap as provided by the manufacturer on the meter body
should be used as the point of pressure sensing for recording or
integrating instruments».

Some turbine meter have no pressure tapping on the meter body.
Therefore, an alternative has been evaluated

In the following tests, we have investigated the effect of
measuring the pressure far downstream (100D) of the meter.

4.2 orato tests

In these experiments calculated density from the AGA-8 equation
(1985) was used to convert mass to volume in the test section.

Testing was conducted at 145 bar and 37°C, of gas turbine meter B
(see configuration n®6).

Testing was performed for 25% and 40% of the maximum flowrate of
the meter. At these selected flowrates, the measured densities
fitted the computed ones within 0.2%. Table 1 show the results.

Average pressure in the meter body and average density computed
from pressure measurement at the rotor are compared respectively
to average pressure measured at 100D downstream of the meter,
and average density computed at the same position.
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TABLE : DIFFERENCES IN AVERAGE PRESSURE AND AVERAGE DENSITY
FROM TWO DIFFERENT LOCATION OF PRESSURE TAPPINGS
% OF
MAX Protor P100D DIFF protor Pioop DIFF
FLOW-
RATE bar bar 3 kg/m? kg/m? 3
25 145.5 145.8 +0.21 130.5 130.8 +0.23
40 146.0 146.2 +0.14 131.0 131.2 +0.15
4. cussion of the ts

A raise of about 0.2% could be measured in both pressure and
density. This .2% difference would then occur, in mass flowrate
through the turbine as well, by using either the rotor pressure
tapping, or the one located at 100D.

In spite of the pressure-loss normally occuring in the pipe, the
pressure at the rotor is less than the downstream pressure; this
could easily be explained by the fact that the first pressure is
measured upstream of the rotor :

There, the dynamic pressure tends to increase and the static
pressure tends to decrease because of the increasing flow velocity
of the gas through the inlet stator of the turbine meter.

. clusions

Both requirements will lead to install pressure tappings at the
right location, namely at the turbine wheel of the meter.

But the ISO requirements are more precise than the AGA ones, by
saying clearly : «at the turbine wheel of the meter».
This is important as these tests have pointed out.
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5. CALIBRATION CONDITIONS
ta rds irements

IS0 claims in section 8.2.2 that :

«The prefered calibration is one which is carried out at
conditions as close as possible to the conditions under
which the meter is to operate».

AGA specifies in section 5.6.1 that :

«In the flow measurement of natural gas, the accuracy of a gas
turbine meter as indicated by the meter output is generally
specified as within $1.0% of the true volume over a certain
specified range and pressure range using air as the calibration
flow medium. For accuracy better than 11.0% ... meters should
be calibrated under conditions near the meter's intended
operating condition».

This last specification means that calibration under operating flow
conditions should only be necessary when the required accuracy
should be better than within the error band, generally specified as
within *1% of the true volume.

5.2 Laborator y tests

A comparison campaign recently conducted at K-Lab or at other
laboratories, and reported in reference n°7, investigated the effect
of high pressure calibration and of the type of medium used.

Testing was performed on 6 turbine meters, including the turbine

meters A and B, used in the present paper.

5.3 Discussion of the results

The investigation has documented through experiments that the
K-Factor is generally decreasing when pressure is increasing.
It reports as well a detectable difference between operating in

natural gas and operating in air.

. 4 us

Calibrations carried out under operating flow conditions are then
deemed more appropriate. On this point, the new ISO/DIS-9951 will
result in better measurements than AGA-7.
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6. INSTALLATION CONDITIONS AT CALIBRATION

6.1 Standards requirements

ISO recommends in section 8.2.4 that :
«The performance of the meter shall not be influenced by the
installation conditions of the test facility»,

and in section 8.6 that :

«The conditions for the installation of the meter shall be
gspecified in order that the relative meter error does not differ
by more than 1/3 of the maximum permissible error ...
from the meter error obtained with an undisturbed upstream flow
condition».

Then, and even if the IS0 recommendations are somewhat vague by not
specifying precise installation requirements, it fix a maximum meter
error of 4/3 % for a perturbation to be generally acceptable.

AGA specifies in section 3.2.1 that :

«The recommended installation requires a length of 10 nominal pipe
diameters upstream with the straightening vane outlet located at
five nominal pipe diameters from meter inlet... A length of five
nominal pipe diameters is recommended downstream of the meter».

The AGA requirement gives more precise and less stringent
metering-frame, which should be more appealing for practical
calibration purposes. )

Nevertheless, this last requirement might not be stringent enough.
This issue will be discussed in the following.

6.2 Laboratory tests

A recent investigation conducted at K-Lab (reported in ref. n®s6),
evaluated several installation effects on the accuracy of turbine
meters, with natural gas in the high pressure range. Testing was
performed for 6 basic upstream configurations and on 4 turbine
meters, including turbine meter A used in the present paper.

6.3 Discussion of the results

The investigation has documented notably, through experiments,

that the straightening vane recommended in AGA-7 does not produce

a proper velocity profile within 10 pipe length diameters, when the
perturbation upstream of the meter consists of 5° swirling flow
produced by 2 perpendicular bends out of plane and close together.

The general ISO-recommendation, reported above, is then deemed more
appropriate, considering the different types of upstream perturba-

tion which can be created by different types of upstream configura-
tion, and which may need different types of installation condition.
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Unfortunately, the ISO/DIS-9951 contains an informative annex E,
which gives other informations concerning perturbations effect,
that we shall question through the following statements :

Namely section E.4.2 determines piping configurations, with two
elbows not in the same plane and 5 pipe diameters downstream,

as representative for «Low Level Perturbations».

The paper ref. n°6 establishes for several turbine meters a swirling
flow up to 5° with such configurations and an average overmetering
of nearly 1% in natural gas at high pressure.

This cannot be deemed as «low level perturbations».

Section E.4.2.2 recommends that «the flow conditioner (preferably of
the types mentioned in IS0-5167) should be installed in pipe of
(nominal) diameter DN and the end of the flow conditioner will be at
least 2 DN from the meter inlet».
Taking into account the deviation error of about 1% reported for
instance in the same paper ref. n°6 (with tube bundles within 15 DN
and at 5 DN from the meter inlet), it looks doubtful that such
io?ditioners could straighten the flow within 2 DN from the meter
nlet,

Finally ISO-sections E.4.3.1 and E.4.3.3 of ISO speaks of «High
Level Perturbations ... with a half pipe area plate installed
between the two elbows». A general comment will be that these
effects should be considered apart one from each other because the
influence of asymmetry created by half pipe area plate is generally
considered as negligeable. this has been also documented in the

paper ref. n° 6.

6.4 Conclusions

This review shows again that one has to be very careful when
generally speaking about installation effects.

The ISO/DIS-9951 recommendations are deemed more appropriate on this
matter, apart from the informative sections in appendix which might

be discussed.

Nevertheless, the AGA-7 requirements are more spread and certainly
fits better metering needs for pratical requirements.

page 14




K-Lab 92

7. CONCLUSIONS

An investigation, evaluating the main requirements covered by two
turbine meter standards, has been conducted at K-Lab.

The overall conclusions to be drawn from the tests and the analysis
can be summarized as follows

TABLE 2 : REQUIREMENTS COMPARISON BETWEEN ISO/DIS-9951 AND AGA-7
AGA-7 1S0/DIS-9951
REQUIREMENTS
CONCEPT PRACTICE CONCEPT PRACTICE
DENSITY MEASUREMENTS + + + +
PRESSURE TAPPINGS ++ + ++ ++
CALIBRATION CONDIT. ++ ‘ + ++4 ++
INSTALLATION CONDIT. - ++ ++ -
OVERALL COMPARISON P T $pt tht

Legend : +++ means very good
++ means good
+ means acceptable
- means questionable

None of the specifications seems to be badly covered, according to
this study. Although the new ISO/DIS-9951 requirements should provi-
de metering specialists with good concepts for measurements of gas,
their practicality might be improved, at least to the level of those
from a well-spread standard, such as the AGA-7 report.

It would allow the use of turbine meters with increased confidence.

The comparison, together with other investigations, may contribute
towards the improvement and the better understanding of standard
requirements for turbine meters; namely on density measurements,
pressure tappings location, calibration and installation conditions.
All these metering issues should be considered with great care.
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| DENSITOMETER CORRECTION

Fig. 3: DIFFERENCE BETWEEN MEASURED AND CALCULATED DENSITY
AT DIFFERENT MAIN FLOWRATES FOR GAS TURBINE METER A
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DENSITY EFFECT ON TURBINE METER CALIBRATION RESUITS

Fig. 5 : EFFECT OF SAMPLE FLOW VARIATION ON DENSITY MEASUREMENT
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