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Abstract

Accurate measurement of water flow rates in large diameter pipelines is a challenge for water companies that
need to produce, transport and distribute increasing quantities of water. To a large extent, this challenge
results from the impossibility of recalibration of the flow meters within the periodicity established in the
metrological regulations since the removal of a large flow meter from its site of operation in the field and its
dispatch to a calibration laboratory is in most cases technically and economically impracticable. As a result of
this scenario, the article presents the pitometry technique as an interesting alternative to solve problems
related to the validation of water flow measurements performed by flow measurement systems installed in
large pipelines. The technique is based on the determination of the water flow rate by mapping the velocity
profile of the water flow inside the pipe using Cole type Pitot tubes. The water flow rate is determined in a
cross section of the pipe located near and in series to the flowmeter to be evaluated. Based on the results
obtained in a great number of water flow measurements already performed by applying the pitometry
technique in large diameter pipelines in the field, it is possible to conclude that this methodology is perfectly
applicable in the validation of the performance of flow meters installed in these conduits solving satisfactorily

the issues related to its operation.

1. Introduction

Due to technical and economic reasons, the accurate
measurement of water flow rates in large diameter
pipelines is a challenge for water supply companies that
everyday need to produce, transport and distribute
increasing quantities of this product. It is also an

incitement for manufacturers of flowmeters that are

requested to offer solutions to this progressively

challenging metrological demand.

In the last decades, based on the development of
sensors, electronic signal processors and software, it has
been possible to witness the emergence of new water
flow measurement technologies for these applications
such as the widely used electromagnetic full bore
meters, the ultrasonic transit time flowmeters and the
electromagnetic and thermal insertion meters that are
proposed to replace the former differential pressure
meters such as the well-known Venturi tube and its
several constructive variations. These developments
have been induced by the need for automation and
control of water flow measurement processes associated
with the requirement for improving the reliability of
flow measurement results.
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Despite the natural process of modernization of the flow
measurement systems used by the water companies,
what has happened in practice is a series of issues
arising from the application of these new technologies
in such situations. Notably, the following topics deserve
mention:

- the issue of recalibration of the flowmeters within the
periodicity established in metrological regulations still
remains unresolved. The removal of a large full-bore
diameter flowmeter from its site of operation in the
field and its dispatch to a calibration laboratory is in
most cases technically and economically impracticable;

- the signal acquisition and treatment systems in these
meters use proprietary electronics and software that
are difficult to be audited and validated from the
perspective of legal metrology, jeopardizing the
transparency and reliability of flow measurement
results;

- due to the large dimensions of the conduit, some types

of flowmeters use the technique of sampling flow
velocities only at a specific point in the pipe cross-

Pag. 1



N

RO

FLOMEKO?2019

18" International Flow Measurement Conference
Portugal | Lisbon | LNEC | 26-28 june 2018

section or only in one or two paths through the flow,
inferring the water flow rate based on that flow
velocity sample, simply neglecting the possibility of
occurrence of flows with asymmetric velocity profiles
or with the presence of flow swirl;

the criteria considered by users in the implementation
of a water measurement system in large pipelines
often consider only the costs of the initial investment,
without assessing the costs of operating the meter,
without guaranteeing the availability of spare parts
and technical assistance services and without ensuring
the metrological traceability of measurement results
during the many years of meter operation.

2. Pitometry technique

Considering the worrying issues presented previously,
the Fluid Flow Laboratory of IPT-Instituto de Pesquisas
Tecnolbgicas, a technological research institute in
Brazil, developed a methodology for measuring water
flow in large conduits based on the fundamental
technique of pitometry and using the Cole type Pitot
tube for mapping the flow velocity profiles in the pipes.

2.1 Cole type Pitot tube

Basically, the Cole type Pitot tube is a differential
pressure probe designed by Edward Cole around 1896
[1] and is composed of two parallel tubes of
approximately 6 mm outside diameter, bent at a 90°
angle and oppositely oriented at the ends. The Cole type
Pitot tube is shown in Figure 1.

Output to differential Flow direction
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Figure 1: The Cole type Pitot tube.

One pressure tip is in the front position to the flow path
of the liquid and the other in the opposite position. The
front tip to the flow (tip A) measures the total pressure
and the other (tip B) measures the pressure of the wake
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flow, defining a differential pressure signal measured by
pressure transducers and that is proportional to the
square of the flow rate of the liquid.

As shown in Figure 2, in the measurement of water flow

rates in large pipes it is common to use a modified Cole-
type Pitot tube which has a safety pin located in

between the tips to protect them from possible damage
caused by their impact against the internal wall of the

pipe during insertion of the probe.

Figure 2: Photograph of a modified Cole type Pitot tube with a safety
pin in between the tips.

2.2 Cole type Pitot tube calibration
At IPT, the Cole type Pitot tubes are calibrated using an
aerodynamic wind tunnel as shown in Figure 3.

Figure 3: Calibration of Cole type Pitot tube in the aerodynamic wind
tunnel at IPT Fluid Flow Laboratory.

Tests conducted at IPT using a wind tunnel and a large
towing tank showed that Cole type Pitot tubes can be
calibrated in air flows and used in water flows, provided

that the Reynolds number similarity is respected [2].

During calibration, the Cole type Pitot tube is positioned
at the central area of the wind tunnel discharge section,
avoiding the regions near its internal walls. A
conventional L-type Pitot-static tube is used as a
reference air velocity probe. Both Pitot tubes are
connected to pressure transducers and two rising
sequences of points consisting of ten air flow velocities
between 5 m/s and 36 m/s are compared. Based on
Reynolds numbers similarity, where

Reyater = Resir 1)
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these air flow velocity limits correspond to water flow
velocities of 0.3 m/s and 2.4 m/s, respectively.

The mean calibration coefficient recommended by the
literature for conventional Cole type Pitot tubes,
including corrections, is 0.8696 [2]. Figure 4 presents a
set of measurements that are commonly used by water
utility companies in Brazil [3]. This figure shows the
dependence of calibration coefficier@.) of the Cole
type Pitot tube to the flow Reynolds number. The
Reynolds number is defined as:

REZE
14

)

where V is the fluid flow velocity in m/s,L is a
characteristic length, here fixed as 1umi 1.004 x 10m/&
is the kinematic viscosity of water at 20 °C.

The results shown in Figure 4 for 5 X¥0Re < 3 x 10,
correspond to a water flow velocity range of
0.5m/ssV< 3.0 m/s. In this velocity range, the
calibration coefficient of the Cole type Pitot tube varies
between 0.883 for 0.5 m/s and 0.861 for 3.0 m/s with a
mean value of 0.867.

¢, calibration coefficient
2 |Ce=-0.0132 x In (Re) + 1.0575
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Figure 4: Reynolds number dependence of calibration coefficient (
of Cole type Pitot tubes according to reference [3].

The calibration coefficient of the Cole type Pitot tube is
obtained using the following equation:

AR,
CC = Cs (AP)
c

@)

whereCs = 0.997 is the calibration coefficient of the L-
type Pitot-static tube used as a standardjR},andAP,

are, respectively, the differential pressures obtained by
the L-type Pitot-static tube and Cole type Pitot tube.

2.3 Flow velocity profile
For the determination of the water flow rate, the
guidance of the technical standard ISO 3966 [5] is

FLOMEKO 2019, Lisbon, Portugal

followed for the calculation of the mean flow velocity in
the cross section of the pipe using Cole-type Pitot tube
and thelog-linear method for the mapping of the flow
velocities at eleven points distributed along the conduit
measuring diameter.

In Figures 5 and 6, respectively, the pitometry taps are
shown in the outside perimeter of the pipe and the
eleven measurement positions along the measuring
diameter with respect to the reference dimendion
whose numbering starts at the point of the traverse
closest to the tap and ends at the diametrically opposite
point.

Figure5: Position of the taps for mapping the flow velocity profile
along two diameters arranged perpendicularly to each other.

Prossure ~—__
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Figure 6: Positions of velocity measurement points along the traverse.

Figure 7 shows an example of water flow velocity profile
including the eleven velocity measurement points.
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Figure 7: Water flow velocity profile determined by mapping the
flow velocities at eleven points along the conduit measuring diameter.

2.4 Volumetric flow rate calculation

The volumetric flow rate of wateK)) in the conduit is
calculated as a function of the average flow velodity (

in the measuring section and the internal cross-sectional
area §) of the measurement location. That is:

Q=V IS (4)
where:
Z”: 2[AR
v=c o=l S (5)
and:

C. calibration coefficient of the Cole type Pitot
tube;

AP differential pressure measured at each point of
the velocity mapping, disregarding the central
point on the pipe axis (point 6);

p, Water density under measurement conditions,

considered equal {9 ... = 997043g/m?.

The volumetric water flow rate can also be calculated
from the flow velocity at the central point in the
measurement sectiolVd), the average velocity factor
(VF) and the internal cross-sectional area of the
measurement site&), That is:

Q=VFDV:[B (6)

where:
n AP is the mean velocity calculation factor,
2.VAR particular of the flow and valid

exclusively for the specific pipe, with

its singularities near upstream and
downstream of the pitometric station
and characteristic Reynolds number
range. This is an empirical correlation
for the calculation of the integral of

AP,
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Karman's law (law of power);

is the differential pressure measured
with the Pitot Cole tube at the central
point in the axis of the pipe.

AP,

2.5 Instrumentation scheme

The methodology developed and applied by IPT allows
the monitoring of the signal of a flow meter present in

series in the same pipeline during the process of
mapping the velocity profile, as shown in Figure 8. This
makes it possible to simultaneously perform the
calibration of the flowmeter and make corrections of
possible flow fluctuations that may occur during

measurements.

Figure 8 shows the instrumentation scheme used for the
mapping of flow velocity profiles established in the
measurement section of the pipe.

Harl modem l'elemetry

Flowmeler
converter

Electric cun‘ﬁ'
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APmax — S kPa  APiax —50 kPa
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Water flowmeter N i

|

Figure 8: Scheme of the instrumentation used for the mapping of flow
velocity profiles using the pitometry technique.

3. Case study

To illustrate the application of the method of water flow

measurement by pitometry technique in large diameter
pipelines, a case study involving the calibration of a
water flow measurement system is presented below.

3.1 Description of the installation

Figure 9 shows the scheme of a water pumping station
which operates with two axial hydraulic pumps of same
size in parallel. In the discharge pipeline of 2232 mm
internal diameter, made in steel, there is installed a dual
path transit time ultrasonic flowmeter with two pairs of
transducers which needed to have its metrological
performance evaluated.
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Figure 9: Sketch of the pumping station discharge pipeline, indicating
the installation locations of the ultrasonic flow meter transducers and
the pitometric station.

The water flow measurements were performed by
applying the pitometry technique using two Cole type
Pitot tubes mounted perpendicularly to each other and
transversely to the longitudinal axis of the conduit
through two special insertion connections, commonly
known as taps.

To perform the calibration of the indication of the
ultrasonic flow meter of the pumping station, in parallel
to the measurement of water flow rate with Pitot tubes,
the data acquisition of the flow rate indication of the
ultrasonic meter was performed. For that, a data logger
was installed in series at the output of the electrical
signal (4 mA to 20 mA) of the ultrasonic meter sent to
the supervisory system installed in the control room of
the pumping station.

In the following items, the results obtained in the survey
of the flow velocity profiles, the pump flow monitoring
and the ultrasonic meter calibration are presented.

3.2 Results of flow velocity profiles mapping

Figures 10 and 11 show the graphs of the instantaneous
flow rates measured with the pitometry technique, in
two 90° diameters, and the flow rates indicated by the
ultrasonic meter during the measurements performed in
the pumping station discharge pipeline, respectively,
only with the pump #1 in operation and with the
pumps #1 and #2 in parallel.

Water flowrate measurement / ultrassonic x Pitot / Pump #1

75
70 P

Water flowrate (m¥/s)
=2

13:01 13:09

Pitot —— Ultrassonic

12:25 12:33 12:47

Date: 25.09.2018

12:40 12:54

Measurement time

Figure 10: Water flow rates measured by the ultrasonic meter versus
pitometry, only with the pump #1 in operation.
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Water flowrate measurement / ultrassonic x Pitot / Pumps #1 // #2
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Figure 11: Water flow rates measured by the ultrasonic meter versus
pitometry, with pumps #1 and #2 operating in parallel.

Figures 12 and 13 show the results sheets of the
pitometry mapping performed on the discharge pipe of
the pumping station, respectively, for the case of
operation only with pump # 1 and for pumps # 1 and # 2
operating in parallel.
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Figure 12: Pitometric data and flow velocity profiles in the discharge
pipeline of the pumping station operating only with pump #1.
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Figure 13: Pitometric data and flow velocity profiles in the discharge
pipeline of the pumping station operating with pumps #1 and #2 in
parallel.
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the calibration of the ultrasonic flow meter at the two-
pump station operating flow rates.

Flow measurement errors of the ultrassonic flowmeter
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Figure 14: Flow measurement errors presented by the ultrasonic
meter.

The information and data of the measured parameters
recorded during the measurements indicated that the
uncertainties associated with the measured values were
of the order of 2.0 % of the water flow rate measured by
means of the pitometry technique, which is fully
compatible with the conditions and difficulties resulting
from the measurement of water flow in the field in a
large conduit.

4, Conclusion

Based on the good results obtained in a large number of
applications in closed conduits of raw and treated water
together with water production, transportation and
distribution companies, the fundamental and auditable
technique of pitometry has shown to be a quite
appropriate tool for validation of water flow
measurement in large diameter pipelines. That is, the
pitometry technique allows recalibration of the flow
meters within the periodicity established in the
metrological regulations without the need to removal
the flow meter from its field operation site. In addition,

it is not necessary to know and dominate the acquisition
and signal processing technology used by these meters
since the end result of the measurement system as a
whole is validated to ensure the reliability of flow
measurement results. Likewise, the effects of installing
the meter, the conditions of the water flow in the
conduit and sampling the flow velocity only at a
specific point in the cross section of the tube (in the case
of point velocity meters) or only in one or two
trajectories through the flow (in the case of transit time
ultrasonic meters) are solved. Finally, the metrological
traceability of measurement results can be guaranteed
during the many years of meter operation. However,
although the uncertainties associated with the results of
the measurements performed by applying the pitometry
technique are greater when compared to those obtained
in calibrations of water flow meters in a laboratory test
bench, they can be improved with the technical
standardization of the shape and dimensions of the Pitot
tubes, by improvement of the calibration methods of the
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probes and by using techniques of mathematical
Figure 14 shows the measurement errors determined in modelling of the flow.
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