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INTRODUCTION
A flow Measurement Engineer’s presentation of Flow
Conditioning for Orifice, Turbine and Ultrasonic Meters.
The latest references are sited to provide an overview of
the state of flow technology today and how these
technologies affect various popular meters used in
Natural Gas measurement.
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PIPE FLOW CONDITIONS
The most important—and most difficult to measure—
aspects of flow measurement are flow conditions within
a pipe upstream of a meter. Flow conditions refer to: the
gas velocity profile, irregularities in the profile, varying
turbulence levels within the velocity or turbulence
intensity profile, swirl and any other fluid flow
characteristics which will cause the meter to register flow
different than that expected. This will cause the meter to
differ from the original Calibration State referred to as
reference conditions that are free of installation effects.
Installation effects which cause flow conditions within
the pipe to vary from reference conditions are: insufficient
straight pipe, exceptional pipe roughness or smoothness,
elbows, valves, tees and reducers, just to name a few.
Certainly, a common understanding of how these
installation effects impact the meter is important since
devices which create upstream installation effects are
common components of any standard metering design.
Flow Conditioning refers to the process of artificially
generating a reference, fully-developed flow profile and
is essential to enable accurate measurement while
maintaining a cost-competitive meter standard design.
Industry-accepted nomenclature and discussions are
presented which explain commonly referred to flow
conditions.
The most commonly used description of flow conditions
within the pipe is the velocity flow profile. For general
fluid dynamic background Miller (1996) offers a thorough
textbook description of velocity profiles and distortions
of the profile due to upstream piping effects. The most
common method used to describe velocity flow profiles
for natural gas measurement is shown in Figure 1,
Velocity Flow Profile.
Equation 1 describes the shape of the velocity flow
profile. The value of n determines the shape of the
velocity flow profile. Karnik (1993) and others use

FIGURE 1. Velocity Flow Profile

Equation 1 to determine the flow profile’s shape within
the pipe by fitting a curve to experimentally measured
velocity data. Karnik (1993) was the first to actually
measure transverse velocities within the high-pressure
natural gas environment using hot wire technology to
accomplish the data fit.
1

Uy
Umax

()
y

=

n

(1)

R

A fully developed flow profile is used as the Reference
State for meter calibration and determination of
Coefficient of Discharge (Cd). For Reynolds Number 105
to 10 6 n is approximately 7.5; for Re of 10 6, n is
approximately 10.0 where a fully developed profile in a
smooth pipe is assumed.
Since n is a function of Reynolds Number and friction
factor, more accurate values of n can be estimated by
using
1
n = ___ ,
√f

(3)

where f is the friction factor. It is not the intent here to
provide detailed instructions for determining friction
factors. The Colebrook (1939) equation or Moody (1944)
diagram can be utilized as illustrated and detailed by
Karnik (1993).
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A good estimate of a fully developed velocity flow profile
can be used for those without adequate equipment to
actually measure the velocities within the pipe. White
(1986) and Karnik (1993) utilize the following straightpipe-equivalent length to ensure a fully developed flow
profile exists.
PipeDiameters ≈ 4.4D(Re)
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As one can see, the pipe lengths required by equation
(2) are significant, hence the need for devices that
condition the flow over a shorter pipe length allowing
metering packages to be cost competitive and accurate.

Tangential
component

FIGURE 2. Swirl Angle

It is important to point out that the velocity flow profile is
generally three-dimensional. For simplicity, normally the
description requires no axial orientation indication if the
profile is asymmetric. If asymmetry exists, then axial
orientation with respect to some suitable plane of
reference is required. Asymmetry exists downstream of
installation effects such as elbows or tees.
Normally, the velocity flow profile is described on two
planes 90˚ apart. With today’s inexpensive computer and
software technology a full pipe cross sectional description
of the velocity profile is possible (if sufficient data points
are provided of course).
The second description of the flow-field state within the
pipe can be made using turbulence intensity. Karnik,
Jungowski and Botros (1994) showed that metering errors
may exist even when the velocity flow profile is fully
developed and pipe flow conditions seem perfect.
Conversely, they found zero metering error at times when
the velocity profile was not fully developed. They
attributed this behavior to the turbulence intensity of the
gas flow that can cause metering bias error. This behavior
accounts in part for the less than adequate performance
of the conventional tube bundle.

ORIFICE METERING
Orifice metering is one of the most commonly used
metering technology in the gas production and
transmission industry. This is due to the low installation
and maintenance cost, and the low uncertainty which
can be achieved using these meters.
Another significant advantage orifice meters have over
most other technologies is the ability to use the meters
without having them proved or calibrated (Note that there
is a requirement to calibrate the instrumentation
measuring pressure, differential pressure and
temperature, but not to flow prove the meters themselves).
This feature is achieved by precisely defining the geometry
of the meter, so that each meter reacts similarly to the
flow of gas. This is referred to as dynamic similarity.
In order to ensure that the meters have the property of
dynamic similarity, orifice meters should conform to the
industry standard for these devices, Orifice Metering of
Natural Gas and Other Related Hydrocarbon Fluids,
referred to as A.G.A Report No. 3, or API 14.3.

The third description of the flow field’s state is swirl. Swirl
is the tangential flow component of the velocity vector
(The velocity profile should be referred to as the axial
velocity profile. Recall that the velocity vector can be
resolved into three mutually orthogonal components, the
velocity profile only represents the axial component of
velocity).

A key factor in maintaining dynamic similarity is the
velocity profile of the gas as it enters the meter. The
orifice equation was developed using a fully developed
velocity profile. This is considered to be the profile of
the gas after travelling through a long length of uniform
straight pipe. Unfortunately, it is generally not possible
to arrange the piping upstream of a meter so that there
is enough straight pipe to achieve fully developed flow.
The 1999 version of the standard results from testing
done at a number of recognized facilities. The intent of
these tests was to provide installation requirements,
including the piping upstream of the meter so that the
results are the same as those obtained from a long
uniform upstream pipe.

Figure 2, Swirl Angle illustrates the definition of flow swirl
and swirl angle. Note that swirl is usually referenced to
full body rotation (that which the full pipeline flow follows
one axis of swirl). In real pipeline conditions, such as
downstream of elbows two or more mechanisms of swirl
may be present. Miller (1996) provides additional details
pertaining to the effects of installation effects such as
one and two elbows in and out of plane.

A key aspect of the upstream installation is a flow
conditioner, which modifies the flow prior to passing
through the meter. A.G.A 3/API 14.3 provides three
options for flow conditioners: 1)The user of the meter
can opt for not using a flow conditioner (a bare tube); 2)
A tube bundle flow straightener of specific design can
be used (the details for this can be found in the standard);
or 3) A flow conditioner, which passes a series of tests.

Delving into the mechanisms governing the effects of
turbulence intensity is not within the scope of this paper.
It is therefore highly recommended that the state of
technology be pursued via the references provided,
namely (Karnik, Jungowski and Botros).
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These tests are outlined in the standard. This third option
is the subject of this paper.
The reason that someone using an orifice meter would
use this third option is that it there are several flow
conditioners on the market that easily outperform the
tube bundle flow straightener. The testing for the 1999
version of the standard has shown that the installation
requirements for the tube bundle, in the previous version
of the standard, do not allow sufficient flow development
to reproduce the long uniform length of pipe used in
developing the standard. Because of this, many existing
meter installations do not meet the new standard. It is
possible, however, by simply replacing the tube bundle
with another flow conditioner that the meter will again
meet the standard, and be capable of measuring flow
accurately.
A listing of the various flow conditioners available to the
market place are listed below

Below, as an example, the CPA 50E Flow Conditioner
is used to describe A.G.A. – 3 2000 compliance. The
reader should ask for this information when
specifying a flow conditioner.
The CPA 50E Flow Conditioner consists of a steel plate
0.125D to 0.15D in thickness with a central circular hole
and two rings of circular holes in concentric circles
around the central hole. The spacing and design of the
flow conditioner has been developed to produce a fully
developed profile downstream of the conditioner. The
holes account for approximately 50% of the area of the
plate, and are sized such that the velocity profile a short
distance downstream will be the same as the fully
developed profile. The thickness of the plate also
eliminates swirl which may exist upstream of the meter.
A diagram of the CPA 50E flow conditioner is shown
in Figure 3.

Flow Conditioners Available
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

19 Tube
Akashi
AMCA
Bellinga
Bosch & Hebrard
Etoile
Gallagher
ISO
K-Lab
Kinghorn
Laws
K-Lab/NOVA 50E
PG&E
Sens & Teule
Spearman
Sprenkle
Stuart C-3
Zanker

The reader is STRONGLY cautioned to note that all the
flow conditioners are not equal in terms of performance
characteristics, pressure drop or approvals.
From a commercial standpoint two of the listed flow
conditioner brands are generally accepted through out
the Unites States. They are the; Gallagher or GFC Flow
Conditioner and the CPA 50E flow Conditioner.

Gallagher Flow Conditioner

FIGURE 3. CPA 50E Flow Conditioner

TEST REQUIREMENTS
Detailed test requirements are outlined in the 1999
version of API 14.3/AGA 3 Appendix 2D (2). This
Appendix outlines the range of pipe sizes, b ratios, and
Renolds Numbers to be used (users are advised to refer
to the published standard). The test requirements for
approval of type are presented here in abbreviated form.
1. Baseline Calibration using a bare meter tube with
a minimum of 70D upstream of the orifice plate, with
less than 2 degrees of swirl upstream of the 70D
tube. This test should be performed with the same
orifice plates and b ratios that will be used for tests
2 to 5.
2. Good Flow Conditions with the flow conditioner
downstream of the meter tube used in Test 1. This
test is done to show how the flow conditioner affects
the meter baseline.
3. Two 90° Elbows in Perpendicular Planes — This
test will show how the flow conditioner handles
normal amounts of swirl.
4. Gate Valve Closed 50% — This test shows how
the flow conditioner handles highly asymmetric
velocity profiles.
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5. High Swirl — This test shows how the flow
conditioner handles high swirl (min. 24° at 17D). The
design of a device to generate this swirl is given in
the standard.

Figure 6 - Nova 50E Performance in Good Flow
Conditions
GRI MRF Data - Beta 0.67
Deviation from Baseline Cd

1.00%

In addition, there are requirements for testing different
sizes to ensure scalability of the flow conditioner, and
testing at multiple flow rates. These last two tests must
be performed on the baseline calibration and at least
one of the disturbance tests.
The performance that the flow conditioners must meet to
pass these tests is very stringent. The threshold for
acceptance is half the 95% confidence level in the RG
equation at infinite Reynolds Number. This is slightly more
than twice the repeatability for the SwRI facility, which
means that it is close to the detectable limit for that facility.

Southwest Research Institute — This testing was
sponsored by GRI at the GRI Metering Research Facility
(GRI MRF) at Southwest Research in San Antonio. The
purpose was to provide data to support the development
of the tests which later became part of API 14.3/AGA 3.
Only a small portion of the data is included in this paper.
For a complete report, please contact GRI.
Test 1 — Baseline Calibration - Southwest Research
has done a baseline calibration on the meter used in the
other tests. This calibration falls within the uncertainty
of the overall data set used to develop the flow equation.
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FIGURE 5. Nova 50E Performance — 2 Elbows Out of
Plane GRI MRF Data - Beta 0.67

conditioner in conditions of swirl. The results for a 17D
meter run are shown in Figure 5. In this case, 7D is required
so the reading is within the tolerance allowed. 29D and
45D meter runs were also tested, with similar results.
Test 4 — Gate Valve Closed 50% — The results are
shown in Figure 6. Again, 7D is required to meet the
specification.
Figure 7 - Nova 50E Performance - Partly Closed
Valve
GRI MRF Data - Beta 0.67
1.00%

Deviation from Baseline
Cd

TEST RESULTS
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Test 2 — Good Flow Conditions - This test is performed
to ensure that The flow conditioner does not alter the
meter indication when place in a line with good flow
conditions (already fully developed). Note that the results
presented here are a subsection of the results presented
in the full report developed by Southwest Research.
These results are those for b = 0.67. The results for Test
2 are shown in Figure 4. Note that when the flow
conditioner is very close to the orifice plate the reading
is outside the limits set forth. However, after the flow
conditioner is moved 5D or so from the plate, the
measurement is within the specification.

Test 5 — High Swirl — The results are shown in Figure 7.
The flow conditioner meets the requirements 7D
upstream of the orifice plate.

Test 3 — Two 90° Elbows in Perpendicular Planes —
This test demonstrates the performance of the flow

Figure 8 - Nova 50E Performance - High Swirl
GRI MRF Data - Beta 0.67

0.00%
-0.20%
-0.40%
-0.60%
-0.80%
-1.00%
1

3

5

7

9

11

13

x/D

FIGURE 6. Nova 50E Performance — Partly Closed Valve
GRI MRF Data - Beta 0.67
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Figure 5 - Nova 50E Performance - 2 Elbows Out of Plane
GRI MRF Data - Beta 0.67
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FIGURE 4. Nova 50E Performance in Good Flow
Conditions GRI MRF Data - Beta 0.67

FIGURE 7. Nova 50E Performance — High Swirl
GRI MRF Data - Beta 0.67
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Scaling — Tests were carried out by the Nova Research
& Technical Centre at TransCanada’s Didsbury Test
facility (testing sponsored by TransCanada Pipelines).
As per the requirements of the standard, this testing was
carried out on the baseline condition and on one other
of the proscribed tests. In this case, Test 3 – Two 90°
Elbows in Perpendicular Planes, was repeated. The
results are reported in detail in Reference 5. Results are
shown in Figure 8.
Reynolds Number Sensitivity — Results reported by
SwRI (3) for testing on 0.67b plates are at Re 2.7 x 106.
Testing performed by NRTC (6) on air at 0.68 b plates at
Re 1.7 x 105 and 1.0 x 105 give results as follows:
NTRC Testing on Two Elbows our of Plane
on Air at Low Pressure
Beta
Ratio

Reynolds
Number

Deviation from
Baseline Cd

0.68

170,000

–0.24

0.68

100,000

–0.08

This meets the requirements of the standard over a much
larger range of Re than specified. This testing was
conducted on 4 inch flow conditioners, as per the
recommendation of the standard.

For example, the 1991 version of API 14.3 Part 2, using
figure 2.5 Partly Closed Valve Upstream of a Meter Tube,
an overall length of 17D from the orifice plate upstream
to the partly closed valve is required (b = 0.75). 7D is
required from the straightening vane outlet. The work
done by Southwest Research at the GRI MRF (3) shows
that this configuration results in much higher
uncertainties than described in the previous version of
the standard (almost 2%).
Under all of these installations using tube bundles and
the minimum lengths specified in API 14.3, the situation
can be corrected by installing a CPA 50E flow conditioner
in place of the tube bundle.
Another example is a meter with no straightening vane
or flow conditioner, downstream of two in-plane elbows.
In this configuration, the previous version of the standard
requires 17D between the last elbow and the orifice plate.
Again, testing done by SwRI shows that this length of
upstream pipe is not adequate to avoid high uncertainty.
A flow conditioner such as the CPA 50E can also be
used in this case, instead of substantially increasing the
upstream length required.
These examples show how a CPA 50E flow conditioner
can be used to retrofit existing meter runs to meet the
new standard.

Figure 10 - Nova 50E Scalibility Test
NRTC Data
Deviation from Baseline
Cd

enough development downstream of the flow conditioner
to meet the requirements of the new standard. Even
though these installations may be grandfathered under
the current revision some additional uncertainty is present.
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New Installations — When new meters are being
installed, using a CPA 50E flow conditioner can reduce
the amount of upstream pipe required to keep uncertainty
as low as possible. Of course, flow conditioning is only
one of many factors which affect overall meter
performance.
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FIGURE 8. Nova 50E Scability Test NRTC Data

FLOW CONDITIONER APPLICATION
The CPA 50E flow conditioner can be used as a retrofit
in existing orifice meter applications, or as part of a new
installation. Both of these uses of the flow conditioner
will result in a good installation when some care is taken
in the design of the facility. In general, the upstream
portion of the piping should be such that strong swirl or
highly asymmetric flow is not present. When these are
unavoidable some additional meter tube between the
flow conditioner and orifice plate is suggested.
Retrofit Installations — There are many meters installed
in accordance with the former version of the standard.
In these cases, the minimum length does not always give

One of the many benefits of ultrasonic metering is that
typically, ultrasonic meters measure high volumes of
natural gas. As a result, efforts to provide small increases
in accuracy and/or repeatability result in large benefits
to the customer. Installation experience, testing and
computational exercises have been conducted which
show how small efforts to provide correct velocity profiles
can have considerable payback. Strategies for
minimizing the influences of installation effects and
provision of correcting velocity profiles on the ultrasonic
meters are presented. An almost zero cost method is
also presented to drastically increase the measurement
confidence from the primary measurement meter.
Ultrasonic meters have gained rapid acceptance in the
measurement of large volumes of natural gas in the last
several years. There has been a concentrated effort by
many parties, AGA taking a lead role, to improve
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understanding of these meters so that they can be used
properly. If we examine the reasons for this acceptance
there are several advantages that ultrasonic meters have
over other technology. The main advantages are:

Gearbox

Flow

1.
2.
3.
4.
5.

Installed cost at high volume facilities
Low pressure loss through the installation
Inherent bi-directional capability
Low maintenance
High tolerance for liquids or other foreign material

The work conducted to date has led to the publication
of AGA Report No. 9 [1], and further work is underway
to provide continued revision to AGA-9 as required.
Ignoring all other benefits of ultrasonic metering, in terms
of accuracy, it could be argued that other technology,
such as turbine or orifice meters, have a 25 to 70 year
advantage in terms of optimized installation knowledge.
This point may never be fully resolved, but it is safe to
say that current testing and constant product
improvement by manufacturers has shown a clear
advantage for ultrasonic metering.
Facility designers are looking for direction to best install
these meters to take advantage of the benefits that
ultrasonic meters offer, while ensuring that accuracy is
optimized. Testing has been done by Grimley at
Southwest Research [2], as well as other locations,
however, this testing is expensive, and it is difficult to
test all the possible factors which could lead to increased
measurement accuracy. Since there are many factors
that have not been tested, users should employ
conservative design practices that will meet current and
likely future requirements. These design practices take
testing which has been completed into account, as well
as an understanding of ultrasonic metering.
The AGA task group on ultrasonic metering, in
conjunction with test facilities, manufacturers and users,
is undertaking to develop new testing regimes which will
provide additional information on how the ultrasonic
meters work under various conditions.
Note that there is a difference in requirements between
those users who need the most conservative design to
ensure accuracy, and those who have limited space (such
as production platforms), who need solutions that
account for their constraints. This paper is focused more
on exploring conservative design practices.
SENSITIVITY TO VELOCITY PROFILE
Ultrasonic meters are an alternative for turbine meters,
especially for high flow (high capital cost) applications. The
meters are similar in how the flow rate is presented to the
flow computer, and both have a relatively high turndown
ratio. Ultrasonic meters have the additional advantages of
being bi-directional, requiring less maintenance, having less
pressure loss across the meter and being more tolerant of
foreign material in the gas stream.

FIGURE 9. Turbine Meter

There are significant differences, however. The turbine
meter is an intrusive device, as such, the turbine meter
(Figure 9) forces the gas into an annular ring around the
outside of the pipe, possibly through a built in flow
straightener, then through the turbine rotor. The rotor itself
will help to balance any skewed velocity profile. As a
result these meters are less sensitive to upstream
conditions, and a flow conditioning plate - five to seven
diameters upstream will produce excellent results.
The ultrasonic meter, however, is generally a continuation
of the pipe, and does not condition the flow at all within
the meter. The meter is therefore unable to alter
aberrations in the velocity profile and is exposed to worst
case installation effects.
Figure10 shows a diagram of a single path ultrasonic
meter. There is one measurement taken (per path), - the
difference in the transit time. Because the ultrasonic pulse
does not differentiate where it is in the pipe, it cannot
correct for the difference in volume in the outer 50% of
the diameter and the inner 50%. In order to correct for
this, manufacturers incorporate a correction factor based
on an assumed velocity profile.

Processor

Centre 50% of Path covers
25% of area and 35 to 40%
of flow.

Flow

FIGURE 10. Ultrasonic Meter

Since the transit time ultrasonic meters are measuring
the time difference of a sound pulse traveling on a
predetermined path in the gas stream, the meter only
has one measurement per path. This measurement can
only determine the average velocity along the path. There
are a number of factors which affect this measurement:
1. The velocity profile of the fully developed flow stream,
which depends on the Reynolds number, roughness,
imperfections in the pipe such as welds and flanges,
and other factors.
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2. How much the velocity profile is distorted (including
the effects of swirl) resulting from the upstream
configuration, and the orientation of the meter to this
skewed velocity profile.
3. Changes to the velocity profile as it is passing the
meter. Since the currently available meters are
roughly one or more diameter long, there is the
possibility of changes to the velocity profile as it
passes through the meter.
FULLY DEVELOPED PROFILE
First we will examine the effect of fully developed velocity
profile, considering small changes and calculating the
effect of these changes.

The value of n is dependant on the Reynolds number and
friction factor. As such it will vary with gas composition,
pipe roughness, diameter and imperfections such as
welds, gaskets and flanges. Values of 10 or 11 are
common in the pipe sizes and conditions common with
large diameter ultrasonic meters. This is described in more
detail by Karnik [3].
The meter sensitivity was compared to two profiles that
are very close to each other. These were calculated using
the power law profiles for N=10 and N=11. The N=11
profile is slightly flatter, with a centre line velocity of a bit
over one percent lower than the N=10 profile (Figure 11).
In practical terms, it would be difficult to differentiate the
value of N from experimental data from these two profiles.
Calculations using these slightly varying axial velocity
profiles show sensitivity to the profile. For these two
profiles the transit time difference is 0.42% for the same
flow rate.
The reason for this difference in transit time is that the
velocity in the centre of the pipe, is treated the same as
the velocity closer to the wall, even though the bulk flow
is closer to the wall. Over 60% of the bulk flow is traveling
in the outer 50% of the diameter.
This result is not sensitive to the model used to calculate
velocity profile, because all the models for velocity profile
have similar characteristics, being empirical curve fits to
the same data. Even though this simple model breaks
down at the centre line, other models will produce very
similar results.

FIGURE 11. Fully Developed Profile

ASYMMETRIC VELOCITY PROFILE
There are several models for the fully developed velocity
profile. These are empirical approximations, and are
somewhat interchangeable. When measurements are
taken on flow that is fully developed, there is some
difference between the theoretical profile and the
measured profile. This is normal, and reflects some
measurement uncertainty as well as theoretical
assumptions. If the measured profiles are within one or
two percent of the theoretical profiles, they can be
considered fully developed. In ISO 5167 [4], the profile
is considered to be fully developed if the measured profile
is within of five percent of the calculated profile.
The Power Law is one of these empirical profiles. The
equation is shown as equation 1.
1

U
Ub
Where:
U =
Ub =
y =
R =
n =

()
y

=

Yeh and Mattingly have conducted CFD studies on
ultrasonic meter performance in ideal and non-ideal pipe
flows [5]. They concluded that single path meters have
a high degree of flow profile sensitivity and that
performance is strongly dependant upon path orientation
to a disturbance (as high as 35% close to an elbow).
These results lead to the further conclusions that
installation location and orientation are critical, and that
multi-path meters are desirable for high accuracy.
Certainly, a 35% shift in meter reading is not acceptable
in current meter applications. The issue for custody
transfer meters is whether the specifications in AGA-9
[1] are appropriate, and whether a particular installation
meets this specification.

n

R

local axial velocity
Bulk or average axial velocity
distance from the pipe wall
pipe radius
Empirical exponent

(1)

In order to reduce the effect of this asymmetry, Yeh and
Mattingly recommend using multi-path meters. These
meters will significantly improve the response to
asymmetric profiles, but may not totally compensate for
the profile. Results from meter testing by Grimley show
that some conditions will result in shifts of over one
percent when compared to good flow conditions.
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CHANGING VELOCITY PROFILE
If the meters are sensitive to small changes in velocity
profile, they are probably also sensitive to the profile itself
changing within the meter. This is an issue with ultrasonic
meters since they are from one to three diameters long,
and numerous tests have shown that the velocity profile
can change significantly within this distance.
In a straight pipe, a distorted velocity profile will transform
itself, moving toward a ‘fully developed’ profile. If a profile
is close to the fully developed state, the change will be
gradual. An example of a rapidly changing profile is the
profile at the exit of a perforated plate flow conditioner
(Figure 12). The profile at the exit of the flow conditioner
will be a number of jets, corresponding to the holes in
the plate. These jets quickly form into one profile. Testing
has shown the distance to form one profile is about five
pipe diameters.
CPA 50E Flow
Conditione r

~5 D

FIGURE 12. Profile Downstream of a Perforated Plate

Perforated Plate flow conditioners accelerate the gas flow
through holes in the plate. These individual gas streams
then recombine to a single stream, which will then move
toward full development given enough straight, uniform
pipe.
As the jets recombine, the profile will be changing quickly.
If the meter is located too close to the flow conditioner,
the indicated flow rate could be affected by these jets,
and the bulk velocity may not be calculated correctly.
While it may be possible to calibrate this effect out of
the system, a slight change could significantly alter the
indicated flow rate.
Meters are currently being installed with flow conditioners
as close as three pipe diameters. There is some support
for this, however in testing by Grimley, the meter was
not unbolted from the flow conditioner when the
assembly was placed in front of the flow disturbance.
The testing was done to evaluate the effect of the
disturbance, not the effect of a rotated flow conditioner.
The normal procedure that companies now employ, is
to calibrate the flow conditioner, spool piece and meter
together at the calibration facility. The parts are then
disassembled for shipping to the site. At the site, care
needs to be taken to re-assemble the meter, flow

conditioner and spool piece(s), to ensure that it is the
same as at the calibration facility. Even if this care is
taken, the reassembly may not be exact, since there is
no comprehensive testing to show how exact the
reassembly needs to be.
TESTING AT SOUTHWEST RESEARCH
Grimley [2] tested the meters with a variety of upstream
flow conditions, including single elbow, elbows out of
plane, and elbows in plane. These conditions are similar
to those found in field locations, but of course, are not
representative of everything found in the field.
Testing done on several ultrasonic meters with different
flow conditioners shows that the user must be careful in
how the meters are installed. Some combinations of
meter, flow conditioner, and piping configuration were
clearly shown to be better at repeating baseline
measurements than other combinations.
Grimley concluded that use of a high performance flow
conditioner was preferable due to the difficulty in
translating ‘bare tube’ results (without flow conditioners)
to a field location. These high performance flow
conditioners isolate the meter, to a certain extent, from
the upstream conditions.
Testing using high pressure gas on these large meters is
expensive, and the results of the testing complete to
date are not conclusive. There are other questions yet
to be addressed, such as: Are the results repeatable?
What is the effect when other variables are altered? How
much depends on the spool pieces, the exact position
and orientation of the flow conditioner, and other specific
installation conditions? Are the results the same at higher
gas velocity?
These results show some variation in performance of
the ultrasonic meters tested which is not fully understood.
While these deviations are generally small in percentage
terms, they are of concern due to the high volume of
gas that is generally measured by these meters.
It should be noted that in the testing carried out at
Southwest Research Institute, the objective was to
determine the effect of changing the upstream profile,
and the meter remained bolted to the flow conditioner
and spool piece throughout the test. At custody transfer
meter stations, the meter is generally unbolted from the
flow conditioner after calibration, and re-assembled on
site. It will be difficult to re-assemble the meter exactly
as it was assembled at the calibration facility.
The CPA 50E flow conditioner is designed to recombine
into a fully developed profile within about five diameters,
in order to minimize this effect. Even if the flow
conditioner, spool piece, and meter is disassembled after
calibration, the shift should not be expected to be large.
If the opportunity to keep the meter run bolted together
is available, it may be best to leave it this way until
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installation. This option is of course not possible with a
NPS 30” or 24” meter run.
VERIFICATION TECHNIQUES
There are techniques which will improve the users
confidence that the metering installation is working
properly. These include meter diagnostics and check
measurement.
METER DIAGNOSTICS
When the meter is calibrated, a log file from the meter is
available which shows such things as the individual path
velocities, speed of sound, gain, and other information.
Users should acquire this data from the calibration facility,
and gather some similar information when the meter is
installed and measuring gas. Differences, especially in
the path velocity ratio, indicate that the velocity profile is
not the same as when calibrated. This likely means that
there is a shift in meter performance.

2. Meters should be calibrated with the flow
conditioners and spool pieces which will be used in
the meter station.
3. Manufacturers minimums for upstream lengths
should be maintained or exceeded. A minimum of 8
diameters should be between the flow conditioner
and the meter.
4. Spool pieces should be finished with welds ground
out and perhaps internally coated. Diameter of the
spool piece should closely match the meter diameter.
5. Flow conditioner orientation at the calibration facility
should be marked and reestablished.
6. Piping upstream of the meter run should be designed
not to produce extreme velocity profiles, swirl or
noise
The installation might me slightly more expensive, but
there will be more confidence in the measurement.
Diagnostics
Diagnostics should be employed when the metering
installation is commissioned. These include log file
evaluation and check measurement (if available).

CHECK MEASUREMENT
CONCLUSIONS
Conservative design suggests that there be a mechanism
to verify or trend the measurement. Ultrasonic meters
can provide some redundancy if there is more than one
path, and there is sometimes other measurement to trend
against the meter. However, in some cases operators
may want some other verification.
While installing an additional meter may not be
considered cost effective, it is possible to use the flow
conditioner as a check meter. Testing has been done
with the CPA 50E flow conditioner with differential taps
drilled on the upstream face for stagnation pressure, and
in the wall of one of the holes for downstream pressure.
This measurement has been shown to be very stable
and -repeatable.
The data can be collected using a standard flow
computer setup. In order to reduce data handling
requirements, the data can be trended and saved. It only
need be retrieved and analyzed if there is a change
compared to the ultrasonic meter.

The CPA 50E flow conditioner meets the requirement for
approval of type in the 1999 version of API 14.3/AGA 3.
Existing meters designed to meet previous of the
standard can be retrofitted to meet the new standard, in
most cases at nominal cost, by installing a new flow
conditioner.
Flow conditioning is an important aspect of orifice
metering, but a flow conditioner cannot correct all
problems associated with metering. The condition of the
meter tube and orifice plate, as well as the condition
and design of the secondary equipment are all factors
which may also affect the quality and performance of
the meter.
The most critical component of the meter station is the
meter, flow conditioner, meter run and upstream piping
configuration. In terms of the overall capital cost of the
facility these components do not necessarily get the
attention they deserve.

RECOMMENDATIONS
Meter Run Design
The testing conducted by SwRI indicates that there is
some sensitivity to flow conditions upstream of the flow
conditioners. This is clearly a result of high sensitivity to
velocity profile, even with multi-path meters. Users
should take this into account when designing facilities.
The following is recommended:
1. High performance flow conditioners should be used,
at a distance from the meter which will allow the jets
to fully re-combine, so that the velocity profile at the
meter will be stable.

Small percentage cost savings efforts aimed at the meter,
meter, flow conditioner, meter run and upstream piping
configuration are dangerous. Especially considering the
life span of a typical meter station is 20 years.
Measurement bias cost over this capital life span can be
substantially larger than the initial savings obtained.
If there is no conclusive testing data to substantiate cost
saving efforts in these critical areas it is best not to
chance it.
1. Put thought into the upstream meter station piping
to minimize loading of the flow conditioner and meter
by minimizing flow disturbing designs.
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2. Ensure that the meter run is not allowed to become
the last item of interest in the bill of materials.
Roughness, roundness, length and overall fabrication
quality is important until testing proves otherwise.
3. Work closely with your meter and flow conditioner
vendors.
4. If at all possible leave the meter run assembly bolted
together.
5. Don’t change pipe roughness through the meter run
and meter.
6. Use the diagnostics the meter manufacturers supply.
7. Use the CPA 50 E flow conditioner as a secondary
measurement device. It will drastically increase the
confidence level of the primary measurement.
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