VORTAB FLOW CONDITIONERS

e Eliminates Swirl and Velocity Profile Distortions

* Insures Meter Accuracy and Repeatability

* Reduces Upstream Meter Run to Only 7 Diameters
® Low Pressure Loss

* Immune to Fouling
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INLET

In today’s flow metering environment, accuracy
and repeatability are critical. The Vortab

flow conditioner ensures accurate and
repeatable measurement by eliminating flow
distortions that degrade flow meter performance.
The Vortab flow conditioner eliminates

both swirl and profile distortions, has minimal
pressure loss and requires only 7 diameters of upstream pipe.

The Vortab flow conditioner is in service worldwide on both gases and liquids. This makes Vortab

the proven solution in flow conditioning.

PROVEN TECHNOLOGY - SUPERIOR PERFORMANCE
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Swirl Reduction Tabs — The switl reduction tabs remove swirl
by generating small vortices (swirls) opposite to the main swirl.
These cumulatively cancel the larger main swirl.
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PROFILE CONDITIONING

Settling Distance

Profile Condition Tabs — Three sets of profile conditioning in tabs produce vig-
orous cross-stream mixing which rapidly mixes faster velocity regions with slower
regions. This mixing quickly produces a homogeneous (i.e., conditioned) velocity
profile. In addition, uneven particulate distributions or temperature profiles are
made more uniform through this process.

Settling Distance — This distance, a 4 diameter length of pipe from the last
profile condition tabs, is necessary to let the flow conditioning fully occur. The
flow meter is installed, at the outlet of the settling distance.




CONDITIONED FLOW
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Conditioned Flow — The above graph illustrates the Vortab flow
conditioner’s ability to produce a consistent flow condition with dif-
ferent inlet disturbances. The uniform velocity profile allows a flow
meter to operate with accuracy and repeatability regardless of the
upstream piping.

EFFICIENT FLOW CONDITIONING
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AP EQUATIONS

For air at standard conditions (60°F, 0 psig):
AP = 6.8 x 10° x %j or 3.36 x 10° x
For Water:

AP = 566 x 107 x-J, or 404 x 10°x Wor 1.01 x 10°x &,
Where AP is in pounds per square inch (psi)

Q is the volumetric flow rate in cubic feet per minute (cfm)

M is the mass flow rate in pounds per hour (Ibm/hr)

G is the flow rate in gallons per minute (gpm)

D is the inside pipe diameter in inches

METER ACCURACY

Figure 2: 3" Diameter Pipe, 7 Pipe Diameter Away

From Out- of-PIune, Double Elbows
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Meter Accuracy — The above graph clearly illustrates the Vortab flow
conditioner’s positive impact on flow meter performance. In order to
attain similar accuracy without the Vortab flow conditioner, as much as
40 to 50 diameters of straight pipe would be necessary. Vortab device
gets the job done in only 7 diameters.

REDUCES PIPING COSTS

The Vortab flow conditioner can significantly reduce installed
cost by eliminating the need for large straight runs upstream of
a flow fmeter. The Vortab flow conditioner requires only 7
diameters for any application. This reduction in pipe run can
yield significant cost savings.

Piping Cost Savings Equation
$Savings = ((rD - 7) xl%) x P$

rD = Recommended Straight Upstream Pipe
(number of diameters)
D = Line Size (in inches)
P$ = Pipe Cost Per Foot
Example:

rD = 35 (Double Elbow, Out-of-Plane)
D =10in.
P$ = $142/ft (316 SS, SCH. 40)

$Savings = ((35-7)1—0) x 142

$Savings = $3,313* In most applications, the cost savings
exceed the cost of the Vortab.




VERSATILE AND ECONOMICAL

VIS e Insertion Sleeve — Ideal for small and large pipe sizes, due to its
versatility and low cost. The VIS model is a 3 pipe diameter long slip-in sleeve
which contains the conditioning tabs. The sleeve is installed into existing
piping and tack welded or bolted in place. A 4 pipe diameter long settling
distance must be installed downstream of the conditioner prior to the flow
element. The flow conditioner should be installed at the outlet of the distur-
bance (e.g.; elbow, valve, reducer, etc.).

ALL-IN-ONE CONVENIENCE

VMR e Meter Run — Our most popular configuration: The VMR model is a
7 pipe diameter long spool piece which contains the conditioning tabs and
recommended settling distance. The VMR is the complete upstream meter
run and a flow meter can be mounted directly to the exit of the conditioner.
The flow conditioner should be installed at the outlet of the disturbance (eg.;
elbow, valve, reducer, etc.).

SIMPLE INSTALLATION

VSR e Short Run — Ideal for retrofits and upgrades. The VSR model is a 3
pipe diameter long spool piece which contains only the conditioning tabs. A
4 pipe diameter long settling distance must be installed downstream of the
conditioner prior to the flow element. The flow conditioner should be
installed at the outlet of the disturbance (eg.; elbow, valve, reducer, etc.).

SPECIFICATIONS FOR ORDERING

Complete Document Number 01SA011428 and Submit for Quotation.

LOCAL REPRESENTATIVE
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Vortab is ISO 9001:2000 and AS9100 certified
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Vortabh® Flow Conditioners

Technical Note

Transitional Flow Effects on Flow Meter Measuring Accuracy

Vortab Flow Conditioning Eliminates
Transitional Flow Effects

Vortab flow conditioners are widely recognized and applied in
flow metering applications to correct the unpredictable effects of
flow profile shifts caused by limited straight-run, upstream pipe
geometry changes (e.g. damper positioning) and load changes.
These unpredictable flow profile variations are neutralized as they
pass through the Vortab flow conditioner to present a consistent,
predictable outlet flow profile to the flow meter that results in
accurate and repeatable flow measurements. Additionally, Vortab
flow conditioners also efficiently neutralize transitional flow effects.

To appreciate the value of Vortab flow conditioning in
applications with naturally occurring flow profile variations, it
is first necessary to understand how flow profiles can change.
Engineers specifying flow metering technologies are very aware
that flow profile variations and unpredictability will directly result
in measurement inaccuracy. Engineers further understand that flow
profiles are a function of pipe geometry, Reynolds number (Re),
internal pipe roughness and rate of change.

It is widely known that many diameters of uninterrupted straight
pipe runs are necessary to produce the fully developed turbulent
flow profiles preferred by many measuring technologies. However, in
applications with low flow detection and wide turndown what is often
overlooked is that the flow profile also “transitions” dramatically and
without correction can result in tremendous flow metering inaccuracies
over a portion of a critical measuring range. Consider the difference
between laminar and turbulent flow conditions. Laminar flow occurs
at low velocities where the Re number is below 2000. Turbulent flow
typically occurs above Re of 4000. When flow occurs between the 2000-
4000 Re region it is commonly referred to as being in the “transitional”
flow range. However, depending on the direction, either increasing or
decreasing flow, and the rate of change, transitional flow can continue
up to 7000 Re.

As the Reynolds number and velocity increase from 2000 Re up
to 4000 Re, the relationship between the average velocity V(avg)
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Figure 1. Laminar vs. turbulent flow profiles

The laminar profile takes on a parabolic shape where the relationship
between the average velocity and centerline velocity is quite dramatic
when compared to the turbulent flow profile.

Source: Richard Miller, Flow M

Engineering Handbook; Vortab profile added by FCI

and the centerline velocity V(max) dramatically increases from
50% up to nearly 80%. Accordingly, the velocity profile from the
centerline to the pipe wall is also changing at a dramatic rate.
Insertion type, point flow measuring instruments will be susceptible
to profile changes during this transitional flow range to large
varying degrees. Virtually all point insertion type flow sensors are
susceptible, regardless of whether they are centerline positioned
or have variable insertion depths. These types of profile effects are
generally more acute in smaller line sizes.
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Relationship: Average V(avg) and Maximum V (max)

In Figure 2, the centerline relationship between V(max) and V(avg)
can transition from 50% to in excess of 80% as flow rates change
from laminar to turbulent.

Vortab flow conditioners eliminate the unpredictability
and unwanted effects as transitional flow profiles transition by
producing a flattened, highly repeatable flow profile that remains
essentially unaltered while velocities and associated Re numbers
move from laminar through transitional to turbulent flow.

With a Vortab flow conditioner the relationship between
V(avg) and V(max) is maintained and a nearly constant flow profile
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Figure 2. Ratio of average to maximum (centerline) velocity for smooth

is maintained downstream. When a Fluid Components International
(FCI) flow meter is paired with a Vortab flow conditioner, a stable
and consistent flow profile, independent of direction or rate of
change, is produced upstream of the flow meter, resulting in highly
accurate and repeatable meter performance. In all wide turndown
applications, FCI can easily determine whether transitional flows
will occur within a specified metering range. However, it is more
difficult to predict whether transitional flow effects will be broad or
narrow, or specifically where they will occur over a critical portion
of the desired metering range. Figure 3 shows an uncorrected flow
profile effect and a Vortab corrected flow profile.

FCI's thermal dispersion type devices feature wide turndown
capabhility and low flow sensitivity. As a result, it is very common
for engineers to specify large turndown requirements that
include laminar, transitional and turbulent profiles. Fortunately,
it is relatively easy for FCl to calibrate for both laminar flow
rates and turbulent flow rates during the same instrument
calibration—these profile variations can be reproduced during
laboratory calibration. However, whenever there are both laminar
and turbulent profiles, there is always a transitional flow profile
that contains tremendous variations. FCI flow meters are centerline
mounted to consistently utilize the relationship between maximum
velocity V(max), and average velocity V(avg) as centerline flows
are the most predictable. When FCI flow meters are installed with
Vortab flow conditioners, transitional errors are eliminated, which
provides optimum accuracy through the entire metering range.
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Figure 4. Vortab installation

Vortab Offers Double Duty Flow Conditioning

Vortab flow conditioners perform double duty by simultaneously
isolating the flow meter from common distortions found in everyday
process piping and eliminating the effects of unstable transitional
flow profile variations. The net result assures continuous high
accuracy and repeatable performance across the most extreme
flow ranges, most importantly when critical low flow metering
accuracy is at a premium.

[llustrated in Figure 4 is a typical Vortab installation with an FCI
flow meter optimally located downstream of the Vortab exit. With
the Vortab flow conditioner, the flow profile is essentially flattened.
Most importantly, whether the inlet profile is a function of Re
number, or whether it is distorted by upstream piping obstructions
like elbows, valves and other pipe straight-run variations, the
outlet profile remains unaffected. Qver time, pipe roughness has
a tendency to change as build-up or wear occurs. While pipe wall
changes are subtle when compared to the change in flow profiles
between laminar and turbulent flow, they are additional unwanted
process phenomena that is mitigated with Vortab.

FCI AVAL Application Evaluation Software
Delivers Confidence

To ensure accurate flow metering performance across the
entire flow range, process operators must rely on flow meter
manufacturers to provide clear notification when user-specified
measuring ranges cross over flow profile variations. FCI AVAL
application evaluation software provides accurate flow profile
insights and always results in FCI offering the best flow metering
solution. AVAL considers all process metering conditions and
installation imperfections, including those virtually hidden to
operators such as transitional flow profiles. AVAL will model
installation conditions, including building detailed diagrams, and
simulate over 30 common installation and flow profile variants
caused by common piping practices.

Process operators and engineers can rely on FCI to provide
process insights and solutions that will optimize total flow
metering performance and ensure the best process operation and
control. M
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