
1.ABSTRACT

Ultrasonic gas flow meters for custody transfer measurement (accuracy better than 0.5%)
have gained a rapid and increasing acceptance over the last few years. The most common
applications are gas transmission and underground gas storage (UGS), due to the typical 
benefits of ultrasonic flow meters, such as no pressure drop, large turn down ratio and the 
bi-directional capability. Generally,  this used to concentrate on the larger sized meters and
installations (typically 10” and higher). An important contribution for the acceptance was
the research regarding installation effects, which as a consequence,  had mainly been focus-
sed on larger sized meters. 

Based on trade-offs between the purchase price of an ultrasonic meter, operating costs, and
total capital expenditure for a gas flow metering installation, it is anticipated that in the near
future ultrasonic gas flow meters will also become a viable alternative for an increasing
number of applications in smaller sized systems. The market has shown a specific interest in
a package consisting of an ultrasonic meter and a flow conditioner. Also when a back-up
meter or check meter is required a combination of an ultrasonic meter and a turbine meter
would be an economical solution. 

Therefore it was considered to be of interest to initiate a research project dedicated to instal-
lation effects and the effects of various flow conditioners, for a smaller size ultrasonic gas
flow meter (6”), in particular in a package including a flow conditioner or a turbine meter.
Results will be presented of a series of tests with different upstream conditions, performed at
the “HDV Lintorf” test facility owned by Ruhrgas AG. Due to the fact that not all tests have
been finished at the time of writing of this paper, the results are not yet complete and only
the first sets of results will be presented in this paper.

As typical applications for smaller sized meters are found in stations measuring the gas flow
from a high pressure transmission line  to a lower pressure distribution network or to a large
industrial consumer, solutions are suggested to avoid the potential ultrasonic noise problem
due to pressure reduction by means of optimising station design for use of an ultrasonic gas
flow meter.
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2. INTRODUCTION

Prior to the introduction of high accuracy ultrasonic gas flow meters for custody transfer,
between 1991 and 1994, Instromet carried out investigations of the behaviour of large size
(20”) USFM’s using the high pressure test installation at Westerbork (NL). Between 1994
and 1995 Instromet also participated in a Joint Industrial Project (team members: Gas de
France (F), Gasunie (NL), Ruhrgas (D), Instromet) for evaluation of a 12” UFM [Ref.1].
Many other investigations followed, mainly in US, Canada and Europe. In 1997 the Dutch
Gasunie presented their long time experience at their border stations at the North Sea Work
Shop (NSWS) [Ref.2]. 

Following the research in the application of large sized meters, ultrasonic gas flow meters
for custody transfer measurement (accuracy better than 0.5%) have gained a rapid and in-
creasing acceptance over the last few years. The most common applications are gas trans-
mission and underground gas storage (UGS) because of the typical benefits of ultrasonic
flow meters, such as no pressure drop, large turn down ratio and the bi-directional capabili-
ty.

Currently, in gas flow applications in smaller line sizes (4” –  8”) often orifices or turbine
meters are found. Measuring with orifices has a long tradition but is limited in accuracy and
rangeability  and at high operating (maintenance, recompression) costs. It has to be recogni-
sed that, currently, in clean gas applications, a good quality turbine meter offers excellent
accuracy for a reasonable price, however it is a mechanical device having  moving parts that
are subject to wear. Considering this, it is anticipated that in the near future ultrasonic gas
flow meters will become a viable alternative for an increasing number of applications in
smaller sized systems. In particular, an ultrasonic meter will pay off in small sized metering
systems having specific requirements such as:
• Compact dimensions (limited straight upstream pipe length) and minimum weight 
• Measuring gas which is not very clean
• Minimum maintenance (unmanned offshore installations)
• Reduced operating costs
• Bi-directional capability and  low pressure drop 
• Dual (redundant) measurement

In order to support the application of ultrasonic gas flow meters in smaller line sizes,
Instromet decided in 1999 to start further research into the performance of  smaller sizes of
USFM’s, by means of testing a 6” 3-path meter at the Ruhrgas AG research test facility in
Lintorf (D). The objective was to investigate the effects due to velocity profiles resulting
from different upstream conditions as well as effects of flow conditioners. Test conditions
included fully developed turbulent flow profile (40 D straight upstream pipe as a minimum),
downstream of a single bend and downstream of double bends out of plane, at various 
distances (10 D and 13 D), according to ISO 9951, tests with various models of the
Spearman flow conditioner and tests downstream of a turbine meter.

2.1. Dual (redundant) metering applications.
Because of the interest in dual (redundant) metering in certain application areas,  the test
program included the evaluation of a package consisting of an ultrasonic meter and a turbi-
ne meter, although this may not be the most relevant for the North Sea area. and for offsho-
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re applications. The  objective was to investigate a package of an urasonic meter and a tur-
bine that was expected to be the optimum combination. The assumption was that a turbine
meter in front of an ultrasonic meter can act as sort of flow conditioner. It will definitely not
be an ideal flow conditioner, meaning that the effect of the turbine meter with regard to the
USM has to be accounted for. As long as the effect is stable and the whole package is cali-
brated to start with, this should be an option.

2.2. Application of flow conditioners.
Specifically of interest for the North Sea area and for offshore applications is compact sized
and minimum weight metering packages being either a single meter or a meter with flow
conditioning devices. Regarding flow conditioners, an important feature of ultrasonic me-
ters is the lack of an obstruction in the line and, as a consequence zero pressure drop.
Therefore from the beginning, Instromet has not been very enthusiastic about the applicati-
on of flow conditioners since it would give away these features. However in the market for
smaller sized meters the zero pressure drop feature is not as important as it is for the large si-
zed meters. As a consequence the market has shown an interest in using flow conditioners
expecting improved accuracy or benefits in installations, for example shorter length of
straight upstream piping. 

Ideally a flow conditioner should help to restore – in the shortest possible pipe length - a dis-
torted flow profile to the “natural” flow profile, being the fully developed turbulent flow
profile, the shape of this profile is dependant of the actual Reynolds number and local wall
roughness. This would ensure that a gas flow meter will not behave differently due to the
presence of the flow conditioner nor that the position of the meter relative to the flow condi-
tioner is critical. 

However, immediately downstream of the flow conditioner the profile is even more distor-
ted because of the presence of the flow conditioner itself, so it takes some length of pipe 
before this restoring of the flow profile becomes effective. Therefore, also a target was to
evaluate possible concepts with a flow conditioner and the effectiveness of such, and inve-
stigate the effects due to velocity profiles under different upstream conditions: a fully deve-
loped turbulent flow profile (53D straight upstream pipe), downstream of a single bend and
downstream of a double bend (out of plane), at 10D and 13D distance, with just an ultraso-
nic meter as well as  including a flow conditioner. It should be noted that currently available
flow conditioners have been designed to be used with orifice meters or turbine meters, none
has been optimised for ultrasonic meters. 

2.3. Design concepts with respect to ultrasonic noise.
Having refined the technical possibilities of the UFM itself, there must be an assurance that
the UFM will not be disturbed by ultrasonic noise generated by regulator valves. In take off
stations where the pressure difference from the transmission line (50 – 85bar/ 700 –
1200psi) to the distribution line (15 – 40bar/ 200 – 550psi) can rise up to 70bar/ 1000psi,
certain precautions have to be taken. Instromet has developed different type of silencers,
which can be incorporated into the design of the measurement station to ensure the correct
operation of the UFM. So in order to benefit to a maximum from the features of an ultraso-
nic gas flow meter, traditional station design concepts should not be used but instead some
new design concepts should be adopted.
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3.TEST METERS AND TEST FACILITY

The actual meter under  test was a  6”/ DN150  ANSI#600 ultrasonic gas flow meter accor-
ding to the 3-path Q.Sonic design. The main characteristics of this ultrasonic meter are sum-
marised in the table below.

For all tests the pressure tap was made on the UFM body and the temperature measuring
point was directly downstream of the meter.

The turbine meter used upstream of the UFM was an Instromet meter type SMRI-X4X with
built in flow conditioner allowing an upstream length of 2D only according to ISO 9951.
The size was DN150/ 6” G650 rating. The length of this turbine meter is 3 diameters.

The tests are performed at the “HDV Lintorf”, a test facility owned by Ruhrgas A.G., in
Germany. A schematic drawing of this test facility is presented in figure 2. Figure 1 is a pic-
ture presenting a part of  the test facility. 5 orifice metering runs, nominal diameter 8 inch,
in parallel are used as references, each individually calibrated  (traceable to the water test fa-
cility in Delft (NL)). The table below summarises the main characteristics of the test facility.
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4.TEST PROGRAMME

The first part of the test programme was performed from May 6, 1999 to June 21, 1999. 

As a start a baseline calibration is performed. It assumed that using long (at least 40 diame-
ters) straight upstream piping will result in a fully developed turbulent flow profile at the 
location of the ultrasonic meter. The turbine meter is installed 3D downstream of the ultra-
sonic meter, this test is considered to be the baseline for the turbine meter as well (ref. 
FIG. 5.).

In the same configuration some variations of flow conditioners, based on the Spearman 
design,  are tested. The flow conditioners are installed at a distance of 5D or 13 D upstream
of the ultrasonic meter (ref. FIG. 6.). The effect of the turbine meter regarding the flow 
profile is investigated by moving the turbine meter to a position immediately  upstream of
the ultrasonic meter (ref. FIG. 7.).

After this the ultrasonic meter is moved to a location 10 D and 13 D downstream of a 90 
degree elbow. In this position the ultrasonic meter is calibrated with and without a flow 
conditioner. The turbine meter is again  in a position 3 D downstream of the ultrasonic 
meter (ref. FIG. 8, 9.).
Next the turbine meter is moved to a position 3 D downstream from the elbow. The ultra-
sonic meter is installed immediately downstream of the turbine meter, so effectively 6 D
downstream of the elbow (ref. FIG. 10.).

The following test is with two elbows out of plane. The same procedure as before is repea-
ted, first the ultrasonic meter  10 D and 13 D downstream of the disturbance, then with a
flow conditioner 5 D before the meter and 5 D from the disturbance. The turbine meter 
location is with these tests again 3 D downstream of the ultrasonic meter (ref.  FIG. 11, 12.).
Then the turbine meter is moved to a position 3 D downstream from the double elbow out of
plane. The ultrasonic meter is installed immediately downstream of the turbine meter, so 
effectively 6 D downstream of the double elbow out of plane (ref. FIG. 13.). 

A repeat of the straight pipe configuration concludes the first part of the test program.

The test program was continued from September 20, 1999 with some more calibrations in
the straight pipe configuration, first a repeat of the test with undisturbed flow, followed by
some more tests with flow conditioner variations (ref. FIG. 5., FIG. 14. and FIG. 6.). With
the ultrasonic meter immediately after the turbine meter a test was done simulating a 
turbine meter, suffering from wear (high bearing resistance) (ref. FIG. 7.). 

The tests of the first series are summarised in the following table, reference is made to the 
figure numbers with the drawings that represent the different piping arrangements.
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The following table summarises the tests done after the work was continued. 

5. BASE LINE TEST CALIBRATIONS

Figure 15. presents a graph of the results of the calibrations with long straight upstream 
piping, being numbers 1,  18 and 19 from the tables before, identified as “basis 1”, “basis
ende” and “basis repeat”. Between “basis 1” and “basis ende” there is a small shift, “basis
repeat” is in close agreement with “basis ende”. The results are presented relative to a base-
line, being the average  error curve that is calculated from “basis1” and “basis ende”. All the
following results are as well  presented as deviations relative to the same baseline
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6.TEST RESULTS WITH FLOW CONDITIONER

The flow conditioner used in these tests is a perforated plate according to the “Spearman”
design, in particular, the mark IV model having 4 holes in the center of the plate. This flow
conditioner was selected because of the fact that the published test results look promising
and the design may be used without paying royalties or licence fee’s.  The design parameters
such as the pitch circles and hole diameters are all defined relative to the inner diameter of
the pipe. In order to be flexible and to have the possibility to investigate the sensitivity to
mismatching the flow conditioner design to the pipe schedule (inner diameter), 3 different
variations were manufactured, according to inner pipe diameters of 146 mm, 150 mm and
154 mm. The variations are identified as #5, #6 and #7. Later-on an attempt is made  to tune
the original designs by making  some modifications, identified by appending the capital A,
B etc. to the identification.  

It  is recognised that in order to obtain a reasonable performance, a perforated plate type
flow conditioner requires some distance (3D to 5D) between the source of the profile distor-
tion and the plate and as well some distance (5D to 10D) between the flow meter and the
perforated plate.
Taking this into account, the “ideal” flow conditioner should not introduce a deviation com-
pared to the baseline calibration of the flow meter, not have an effect that is dependant of de
the distance between the flow meter and the flow conditioner and not have and effect that is
velocity dependant. 

The results of the calibrations with long straight upstream pipe are presented in the graph in
Fig. 16. The best performing flow conditioner is #5, although at 5D distance the meter error
curve is shifted by about 0.5 %, reducing to 0.4% and 0.2 % with longer distance  (13D and
40D). However it is questionable whether the 0.2% deviation should be considered to have
any significance. 

The graph in Fig. 17.  shows the results of the calibrations in ideal flow conditions and in
distorted flow.  The graph compares the results with flow conditioner #5, for long straight
upstream pipe, downstream of an 90 degree elbow and downstream of double elbows out of
plane, identified as  “#5 5D”,  “90 10D #5 5D”, and  “RK 10D #5 5D”. The flow conditio-
ner is positioned for all the three graphs 5D upstream of the ultrasonic meter,  in case of 
distorted flow at 5 D distance from the source of the distortion.

It appears that this flow conditioner performs reasonable well to reduce the effects of dis-
torted flow profiles when measuring the gas flow with the ultrasonic meter, provided that
the meter is calibrated with this flow conditioner. 
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7.TEST RESULTS WITH TURBINE METER IN FRONT

In order to evaluate the practical and economical use, an Instromet turbine meter with 
a patented built-in flow conditioner, which allows upstream length of 2D only, was installed
in the test-line  flange to flange immediately upstream of the UFM. The benefits can be 
expected to be: 
1. Shorter measurement sections (3D upstream pipe, 3D turbine meter, 5D UFM, 2D

downstream pipe = 13D total length), 
2. The turbine can act as sort of  flow conditioner, 
3. The turbine meter can be used as a silencer for ultrasonic noise generated by an 

upstream regulator and
4. There is a double custody transfer measurement with different measuring principles.

Figure 18. shows the results with the turbine meter immediately upstream of the ultrasonic
meter, with long straight pipe upstream, downstream from an elbow and downstream from
two elbows out of plane. The fact that the ultrasonic meter worked as well as it did, in the 
severely distorted and turbulent flow profile immediately downstream of the turbine, was
better than expected. Compared to the error curve for the straight pipe situation, the errors
for distorted flow profiles change by about 0.3 to 0.4 %.  It should reminded that the ultra-
sonic meter is located only 6 D downstream of the source of the flow profile distortion. As
all the error curves show a shift relative to the base line (ultrasonic meter alone in ideal flow
conditions) for initial high-pressure calibration it is recommended to have both meters cali-
brated together.

As a spin-off the UFM could be used for diagnostics to detect any wear resulting in higher
friction of the turbine. It is expected that this is possible by measuring the swirl angle of the
velocity profile behind the turbine meter. This angle is going to change during wear-off.
Separate from this, the flow as measured by the turbine meter and the ultrasonic meter can
be compared. Figure 19. presents the results of a test comparing the turbine meter error and
the ultrasonic meter error in normal conditions and in a condition where a large friction in
the turbine meter is simulated. For this purpose the mechanical index of the turbine meter is
removed in order to have access to the magnetic coupling  in the transmission that drives the
counter. The magnetic coupling is “braked” by applying a reverse momentum to the maxi-
mum possible value, which means just avoiding that the magnetic coupling gets disengaged
(jumps from pole tot pole). In order to prevent damage to the turbine meter this test was 
performed for lower flow rates only. It appears that the error curve of the turbine meter
changes drastically in negative direction, whereas the error of the ultrasonic meter changes
to a lesser extend in positive direction. The possibility to measure and trend this difference
and capability of our ultrasonic meter to detect and measure the swirl of the flowing gas are
subject to further investigations. The aim is to design and implement a concept offering 
extended features for detecting and diagnosing measuring problems and correct or compen-
sate for the possible errors.
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8.TEST RESULTS WITH ULTRASONIC METER (alone)

Figure 20. presents a graph showing the performance of the ultrasonic meter under the same
conditions as before but without any upstream flow conditioning or turbine meter in front.
The graph shows the change in error curves of the ultrasonic meter compared to the baseli-
ne calibration for the following situations: 10 D and 13 D downstream of a single elbow
(identified as 90 10 D and 90 13 D) and downstream of two elbows out of plane (identified
as  RK 10 D and  RK 13 D). The large deviation observed for one condition at the lowest
flow rate is questionable,  it has to be verified whether this a reliable data point.
With 10D straight upstream pipe length and without any flow conditioner the meter shows
acceptable results with deviations to undisturbed conditions better than ±0.3% (ISO 9951
tolerance)  in a 10:1 measuring range. 

9. STATION DESIGN

The pressure in gas transmission lines is usually between 50 – 85bar (700 – 1,200psi) and
between 15 - 40bar (200 – 550psi) in the gas distribution net. The pressure reduction by re-
gulators and control valves generates very high levels of sound from the audible up to ultra-
sonic frequency range. If the acoustic energy that is generated is in the same frequency band
as where the meter operates, there is a likelihood of interference with the measuring signals
of an ultrasonic gas flow meter. If the noise level is too high corrective measures have to be
taken to attenuate the noise level. Bends, tees, filters, turbine meters or heat exchangers all
have a reducing effect on the noise that reaches the ultrasonic gas flow meter. 

Instromet has developed a mathematical model to predict the emission levels of the ultraso-
nic noise related to the process conditions and as well as  the effect of the piping configura-
tion. Using this model for an existing or a planned installation, an assessment can be made
regarding the performance of the ultrasonic meter: will it work properly or is there a chance
to have problems. 

As a rule of thumb for estimating the attenuation of ultrasonic noise in components of an 
installation, the following table can be used:

The station design using an UFM is different from, for instance, turbine meter stations 
where usually  the meter is placed downstream of the regulator. In the case of the UFM the
meter has to be isolated from the valve in terms of ultrasonic sound. A heat exchanger is an
excellent silencer with an attenuation of approximately 30dB. The additional 2 bends results
in 10dB damping. Using 2 tees instead of the bends would improve another 10dB and would
result in totally 50dB - enough for most applications.
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The 2 other examples shown on the next page, use 2 Instromet T-noise-catchers and either a
turbine meter or a silencer element. The regulator is upstream. Typically the ultrasonic 
noise of a regulator on the upstream side is twice that one downstream. Therefore the 
preferred location of the regulator is downstream of the UFM.

CONCLUSIONS

1. The basic test of a 6” sized Q.Sonic has confirmed that the design complies with AGA-
9 for smaller sizes and is within the  ISO 9951 tolerance of <±0.3%, for the installation
conditions presented in this report and with 10 straight upstream pipe length. 

2. Using a flow conditioner will provide acceptable results but the meter and the flow 
conditioner should be calibrated and used as a package. 

3. Using a turbine meter in front of the UFM with flange to flange, the UFM complies with
AGA-9 under the upstream conditions according to ISO 9951 and within the tolerance
ISO 9951 (0.33%)

4. Using a double Tee with Instromet designed silencer and a turbine meter or perforated
plate type silencer (Instromet make) upstream, the ultrasonic flow meter can handle a
large pressure drop, the operating limits can be calculated using Instromets’ USFM 
station design software.

.
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FIG. 1. Part of “HDV Lintorf”  Testfacility

FIG. 2 Schematic diagram “HDV Lintorf”
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FIG. 3. Piping configuration for double elbows out of plane.

FIG. 4. Piping configuration with turbine meter upstream of ultrasonic meter
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FIG. 5.

FIG. 6.

FIG. 7.
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FIG. 8.

FIG. 9.

FIG. 10.
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FIG.11.

FIG. 12
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FIG. 13.

FIG. 14.
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FIG. 15. Base line calibration (straight pipe) test results

FIG. 16. Test results with flow conditioners in straight pipe configurations.
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FIG. 17. Test results with flow conditioner in straight pipe, downstream

from elbow and downstream of  double elbows out of plane.

FIG. 18. Test results with turbine meter upstream of ultrasonic meter, in straight pipe

downstream of single elbow and downstream of double elbows out of plane. 
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FIG. 19. Test results with turbine meter upstream of ultrasonic meter, normal and simulated friction in turbin-

emeter.

FIG. 20. Test results for ultrasonic meter in distorted flow profiles, downstream of single elbow and double el-

bows out of plane 
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FIG. 21. Metering station with ultrasonic flow meter.
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FIG. 22. Ultrasonic metering run with Tee’s to attenuate noise from regulator valve

FIG. 23. Ultrasonic metering run with silencer to attenuate noise from regulator valve.
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