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Ultrasonic Velocity Profiler (UVP)

Velocity profiles in transparent or opaque liquid flows
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Real-time Velocity Profile Measurements

Ultrasonic Velocity Profiling (UVP) is a measurement technique based on ultrasound
Doppler, to acquire velocity profiles in transparent or opaque liquid flows. It can

be used in a wide range of applications from small-scale laboratory experiments to
outdoor field measurements. UVP measurements require acoustic reflectors, just like
Laser Doppler requires seeding particles.

A UVP system consists of one or more ultrasonic transducers, transducer holders, a
UVP Profiler and the UVP Software. It is operated from a standard PC via an Ethernet
port.

The velocity range and resolution, the distance range and spatial resolution as well
as the temporal resolution depend on the transducer frequency and size.

Key benefits

e Measurement in almost any liquid, either transparent or opaque, such as water, wastewater,
slurry, oil, food, liquid metal, and many more

e Large set of analysis tools available: turbulence statistics, power spectrum, spatial Velocity
range up to 52 m/s or £26 m/s

e Velocity profiles over distances from 2 mmto3 m
e Accuracy better than 1%

e Wide velocity, distance, time measuring ranges

e Up to 20 transducers
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Overview of the UVP system

Ultrasonic Transducer

% L UVP-DUO

A UVP system with a single ultrasonic transducer

UVP Software

The ultrasonic transducer is the key element in the UVP measurement
chain. The transducer frequency determines spatial resolution and to
some extent the velocity range and resolution. Low frequencies measure
large velocities and long distances with higher emitted power and
coarser resolution, while high frequencies measure more confined flows
with higher velocity and space resolution.

The UVP-DUO profiler drives up to 20 transducers at emitting frequencies
from 0.5 to 8 MHz to cover a wide range of applications. It can be
controlled remotely via Ethernet/LAN.

The UVP Software controls the UVP-DUO and includes data analysis and
presentation tools.

UVP-DUO Profiler
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A UVP-DUO Profiler can operate up to 20 transducers in an emitting
frequency range from 0,5 MHz to 8 MHz, to cover a wide range of
applications. Low frequencies are used for large velocities and distances
while high frequencies are utilized for their high spatial and velocity
resolutions.

Thus, one single instrument can be used for various studies, and even
exchanged between users of different labs, possibly just changing the
type and/or number of transducers.

The UVP-DUO can be considered as a measurement server, controlled
remotely by a standard PC connected to the same computer network, via
TCP/IP.

This gives flexibility to the user, using existing network and computer
facilities, placing UVP-DUO as close as possible to the measurement
location, while controlling it either nearby, from a control room or from
an office.

With each UVP-DUO, we offer a compact and sturdy transport case,
custom-made for the profiler plus its accessories. It integrates wheels and
handles to be transported easily, and fit in the standard checked baggage
size and weight for air transport, at no additional charges (<23 kg and
<158 cm cumulated).
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Measurement range

The measurement range depends on the following aspects of the UVP

method:

* The interdependence between the maximum measurable velocity and
the maximum measurable depth, due to the Nyquist limit.

* The type of liquid: The speed of sound, specific to each measured
medium, influences the velocity and distance scaling when transposing
the UVP time-based signals to physical magnitudes.

+ The intrinsic performances of the UVP profiler: memory capacity,
internal clock, emitted power, noise filtering, etc.

Typical measurement ranges with water as the reference measured liquid:

Transducer Velocity Velocity Distance Spatial Time
Frequency range resolution range resolution resolution

Acquisition Sampling

time frequency
[msec] [Hz]

0,18 0.7 3 132 8
1 2,96
51 199 0,0m 2 500
0,09 0.3 3 132 8
2 1,48
49 193 0,006 1 1000
0,045 0.2 3 132 8
4 0,74
46 181 0,003 1 1000
0,023 0.1 3 132 8
8 0,37
41 181 0,002 1 1000

Velocity range, Vrange, is the maximum velocity range UVP method can
measure, for a given PRF (pulse repetition frequency) or corresponding
distance range P . constrained by the above-mentioned Nyquist limit.
When velocity is measured with sign detection, velocity range becomes
[-V /2;+V /2].

range range
Distance range, Pmax, also called maximum depth, is the maximum
reachable distance, which actually fixes the PRF (pulse repetition
frequency) and consequently measurable velocity range V (Nyquist
limit).

Spatial resolution: corresponds to “channel width”, here calculated for an
emitted US pulse with a length of 4 cycles, in water.

range

Time resolution: is given for 32 repetitions of US pulse emission.

Typical applications
* 0,5 MHz: environmental hydraulics, flow-rate measurement, river
dynamics, dam construction, marine science, fermentation tank

* 1 MHz: jet flow, wastewater, sludge thickener, metallurgy,
environmental hydraulics, oil refinery

« 2 MHz: wave flow, tsunami flow, sedimentation pool, chemical reactor,
oil transport

* 4 MHz: sediment transport, liquid metal, magnetic flow, rheology, food
process, earth science, environmental hydraulics, turbulence

+ 8 MHz: fundamental fluid mechanic, convection, crystal growth,
microfluidics, biomedical
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Transducers

Our standard TX line is acoustically optimized for a use in water-based liquids
or liquids with similar acoustic impedance, such as water suspensions, oil,
alcohol, organic liquids, which represent most UVP applications. Although TX
line has sometimes been used successfully in liquids with different acoustic
impedances, tailor-made designs with specific acoustic optimization can be
proposed on request.

Central Active Overall Overall Focal Divergence
Model Frequency | Diameter | Diameter Length Distance Half-angle

[MHz] [mm] [mm] [mm] [mm] [deg]
TX05-19-23 0,5 19 23 40 30,5 4,6°
TX1-13-16 1 13 16 40 28,5 3,4°
TX2-10-13 2 10 13 40 33,8 2,2°
TX4-5-8 4 5 8 40 16,9 2,2°
TX8-2.5-8 8 2,5 8 40 8,5 2,2°

Long Range Transducers

To complement our TX line, we propose two “long range” low frequency
transducers at 0,5 MHz and 1 MHz, with increased active diameters.

They are ideal for long distance measurements, typically around 1 meter and
beyond, as they feature larger focal distance together with reduced beam
divergence angle, resulting in an enhanced spatial resolution over larger

distances.

Their large active diameter also generates higher acoustic energy released in
the probed liquid, for a better sensitivity at greater measurement depths.

Central Active Overall Overall Focal Divergence
Model Frequency | Diameter | Diameter | Length Distance | Half-angle
[MHz] [mm] [mm] [mm] [mm] [deg]
TX05-40-45 0,5 40 45 40 135,1 22°
TX1-20-24 1 20 24 40 67,6 22°
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UVP Software
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Data Analysis Functions

Various velocity data analysis tools are available, either real-time during data
acquisition or offline, after an acquisition sequence is completed. Here is a list of
the main functions available:

Real-time

Profile graph shows measured velocity profile and raw echo amplitude
superimposed

Time series draws time evolution of any selected profile channel

Profile table lists velocity numerical values of each channel in the selected
profile

NEW  Color graph shows a color-scaled velocity as a function of time and

distance.

NEW  2D/3D Flow map shows multi-dimension velocities in a vector chart.

NEW  2D/3D Time series draws time evolution of each velocity orthogonal

component.

NEW A UVP-DUO emulator can simulate data acquisition if no UVP profiler

is connected to your PC.

Offline

Average and statistics graph shows profile average, RMS, variance, skewness,
kurtosis graphs, plus a recap table with all values, including a validation
success rate. Useful for turbulence analysis in the flow structure.

Velocity histogram graphs the velocity probability distribution.

Period enhancement (time) depicts phase-averaged periodic flow in time
domain.

Period enhancement (profile) depicts phase-averaged periodic flow in space
domain.

Flow rate (circular or parallel) graphs through-flow through circular pipe or
rectangular channel.

Auto-correlation displays flow periodicities in time domain.
Cross-correlation shows flow relations between different spatial points.

Power spectrum displays frequency distribution of turbulent energy in the
flow for each velocity channel.

NEW  Measurement information displays all measurement parameters and

multiplexer table, now with structured color coding.
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2D/3D Flow Display Module

Complete 2D and 3D flow mapping modules are now available in UVP-Flow™
software version 4, with real-time 2D or 3D velocity measurements by calculating
on-the-fly velocity vectors at the crossing points of your transducer array
connected to UVP profiler multiplexer.

The software includes the following functionalities to support multi-dimensional
velocity measurements:

Setup

* Transducers positioning: definition of your transducers set and relative
position, including an interactive visual aid.

+ Configuration of 2D/3D flow specific parameters: number of samples per
transducer, intermediate delays, measurement cycle repetition, triggering.

+ Individual transducer check: prior to data recording, check of each
transducer input individually to optimize UVP parameters set.

Acquisition

NEW  Fast multiplexer switching: fast multiplexer switching function
available, to reduce transducer switching time depending on echo
quality, and improve multi-transducers measurement time resolution.

NEW  Advanced trigger function: Multiplexer sequencer can be used to create
complex triggering sequence, using one or several transducers.

Analysis

NEW  2D/3D Flow map: 2D/3D velocity components are displayed in an
interactive animated vector chart, with corresponding velocity data
tables, both instantaneous and time-averaged.

NEW  2D/3D Time series: Time evolution of each 2D/3D velocity components is
displayed individually in a time-based graph.
Saving of results: All flow mapping specific data and parameters are
automatically saved in a single data file for future analysis or export.
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2D flow map & time series of a channel flow
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Options
Acoustic Reflectors

In certain liquid flows, natural solid or gas particles in suspension are not
sufficient to generate sufficient echo signals for UVP measurement method. For
such situations the addition of solid acoustic reflectors is necessary.

The selected particles density should be as close as possible to the liquid density
to minimize inertial and buoyancy effects, while their acoustic impedance
should be as far as possible to maximize the acoustic reflection.

For large liquid volumes with high velocity flows, or in installation where solid
particles addition is an issue, a good alternative would be gas bubbles injection,
which is in principle non-polluting. Some of our UVP users in hydraulics has
develop a simple hydrogen bubble generator system, please contact us if
interested. The minimum size of the acoustic reflectors is % of the emitted
ultrasound wavelength. As an example, for a 4 MHz transducer in water, the
reflector should be at least 93 pm in diameter.

We offer Copolyamid acoustic reflectors for water-based applications, in 250 ml
bottles.

Coupling Gel

Ultrasound coupling gel is used for through-wall UVP measurement, namely
when the transducer is placed outside the liquid container. Its function is to
acoustically connect the transducer front face to the solid container wall, filling
the air gap in between that does not transmit UVP acoustic signals.

With each UVP-DUO we provide one bottle of highly viscous industrial coupling
gel (250 ml). Our coupling gel is soluble in water, non-aggressive to skin and
environment-friendly.

Transducer Cable Extension

Cable extensions are available to increase the distance between the UVP profiler
and the transducer measurement location.

Signal cable length reduction is though highly recommended to minimize

signal attenuation, given the weak signals transmitted, possibly subject to
interferences in strong electro-magnetic environments. We guarantee reliable
operation up to our standard 4 meters cable length, even if a few users have
experienced successful measurement with 20 meters extensions.

We provide high quality shielded RG316 coaxial cable extensions, with low line
losses and a high resistance sheath.
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