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1. Nomenclature

For ease of reference, we collect and define here the symbol used throughout this

User’s Guide.
Symbol Unit Description
C m/s Sound velocity
Cooppler Hz Doppler coefficient
Csound m Sound speed coefficient (=1/2)
D m US (ultrasonic) transducer active diameter
den m Channel distance
fo Hz Doppler shift frequency
fo Hz Basic frequency of ultrasound
Fort Hz Pul se repetition frequency
N m Near-field distance of a US transducer
Nech 1 Number of measured channels
Nbu 1 Number of Doppler units (from 10 to 2048)
Nrep 1 Number of profile measurement repetitions for complete
profile measurement
p bar US acoustic pressure
Po bar Reference on-axis acoustic pressure
Prax m Maximum measurable depth
R 1 Reflected US intensity
T 1 Transmitted US intensity
Top s Data processing time for a complete profile
T mess S Measuring time (for asingle profile)
Tort s Time corresponding to Fps ( Tps = 1/Fp)
Teamp S Sampling time (time between stored profiles)
Ts S Storing interval (time added to measuring time)
Vv m/s Velocity component into transducer axis
V m/s Liquid velocity component
Vrange m/s M aximum measurable range of on-axisliquid velocity
component
Dv m/s Velocity resolution
DT S Time resolution (measurement time for a single profile)
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Symbol Unit Description

w m Channel width
w m M easurement window length

Wend m Measurement window end

Wstart m M easurement window start
X m Spatial position
Z m On-axis co-ordinate of US beam
Z kgm?st | Acousticimpedance [Ray]
a 1 Absorption coefficient
0} deg US beam divergence half-angle
o} deg US wave incidence angle to normal
I m Wavelength of ultrasound
r kg/m® | Material density
t s Time between ultrasound emission and echo detection

12
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2. Introduction

2.1 Ultrasonic Velocity Profile measurement

The UVP (Ultrasound Velocity Profil€) represents both a method and adevice for
measuring an instantaneous velocity profilein liquid flow along the ultrasonic
beam axis by detecting the Doppler shift frequency of echoed ultrasound as a
function of time.

Since each UV P transducer can measure one projection of acomplete flow field,
simultaneous measurement with several transducers makes complete measurement
of theflow field possible.

Due to the propagation properties of ultrasound and to the analysis of its
frequency information content, the following advantages over many other
conventional methods can be cited:

The ultrasound transducer can be placed outside a containing wall, thus
avoiding the introduction of any disturbance to the flow field, or permitting
application to an existing facility. It may also be possible to place atransducer
behind an obstaclein aflow.

Since the transducer is rather small (typically 8 mm diameter), it can also be
placed inside the flow while generating only avery small disturbance of
measured flow field.

It can be used with opaque fluids such as dirty wastewater, liquid metals or
chemical agents, to which optical methods like LDA or flow visualisation
cannot be applied.

Since it measures avelocity profile along aline, both directly and
instantaneously, the measuring time can be largely reduced. Thisalso enables
one to measure a multi-dimensional field of fluid flow.

Since it can detect the direction of flow (sign of Doppler shift) at each position,
atruevelocity vector can be determined.

Since the Doppler shift frequency is directly related to the velocity value, the
UV P does not require a calibration procedure.

No complex ultrasound beam-forming system is required between the transducer
and the main measurement body, which resultsin ease of handling of the
transducer. The only required condition isthat the tested fluid should contain a
sufficient amount of suspended small seeding particles, on which the ultrasound
echo originates.

2.2 Applicability of UVP

The UVP can be used with various liquids over awide range of flow
configurations. The parameters of the UV P are designed mainly for water, since
water isthe most common fluid medium. Furthermore, the UVP can be used in
single-phase fluid flows which are opague (such as liquid metal, chemical agents,
food materials or synthetic coolants) and to which conventional methods of
velocity measurements cannot be applied. Dueto properties of ultrasound
propagation, however, great care has to be taken in multi-phase and multi-
component flows- even in basic gas-liquid two-phase flow.

Introduction 21
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3. Principles of UVP operation
3.1 UVP principles

3.1.1 Functional principles of UVP

Principles of UV P operation are described on an example of flow with free surface.

ultrasonic probe

particle s moving in
measuring volume

Flow direction

-

welocity profile

— N, :
I ey reflection
N1/ frombottom
S
UltraSound echo \X.
generated by +-

partlcles‘

U% burst emission time
—

Velocity

0
"

e e L L L L

X
Yelocity profile

[component along measurement axis x)

Figure 1 - Schematic picture of UVP velocity profile measurement on a flow with free
surface.

An ultrasonic transducer transmits a short emission of ultrasound (US), which
travels along the measurement axis L m, and then switches over to receiving
(‘listening’). When the US pulse hitsasmall particlein theliquid, part of the US
energy scatters on the particle and echoes back. The echo reaches the transducer
after atime delay
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:g

t
c
where t time delay between transmitted and received signal [s]
X distance of scattering particle from transducer [m]
c speed of sound in theliquid [m/s]

If the scattering particle is moving with non-zero velocity component into the
acoustic axis Ly, of the transducer, Doppler shift of echoed frequency takes place,
and received signal frequency becomes ‘ Doppl er-shifted':

v__fq
c 2f,
where \ velocity component into transducer axis[m/s]
c sound velocity in liquid [m/s]
fy Doppler shift [HZ]
fo transmitting frequency [Hz]

Careful reader might ask, where doesthe ‘2’ in denominator come from? The classical
Doppler shift formula considers a moving source of oscillations, and does not include‘2'.
Inour case, both source of oscillations (transducer) and obser ver (also the transducer) are
stationary, and the reflector moves. One Doppler shift is created by reative movement of
reflector to source, and additional Doppler shift is created by relative movement of reflector
to observer. Hence, twice as high Doppler shift resuts.

From the Equation above, v can be expressed as

f I
v=—L-=f, —
2f, 2
c
where wavel ength of ultrasound in medium [m] :
| =&
fo

It would be more logical to associatethe ‘2’ in denominator with fy instead of |, but for
reasons of continuity we will follow the previous versions of UVP Manual. For the same
thing, see also the definition of Sound speed coefficient.

If UV P succeeds to measure the delay t and Doppler shift f4 it isthen possible to
calculate both position and velocity of a particle. Since we presume that scattering
particles are small enough to follow the liquid flow, we can also presume that UVP
Monitor has established the fluid flow component in the given space point.

The basic feature of UVP Monitor is the ability to establish the velocity in many
separate space points along measurement axis.

32
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Figure 2 - lllustration of terms connected with ‘ measuring window’ .

Figure 2 gives agraphicillustration of the measurement window, channel distance,
starting depth, maximum depth, etc.

Please note that channel position is defined as position of channel centre.

3.1.2 Channel width

Thisisthe width of ameasurement volume and hence determines the spatial
resolution. Channel width is given by formula

_ n _nlg
wW=Cc —=
2 f, 2
where w channdl width [m]
c sound velocity [m/s]
n number of cycles per pulse
fo transmitting frequency [Hz]

| owavelength of ultrasound

(Inthe formula, 2 in denominator means that once the pulse has reached one end
of the measured cylinder it has to cover twice the distance to the other cylinder
end to come back at the same point.)

For UV P Monitor, the most frequently suggested number of cycles per pulse to
optimise echo vs. spatial resolution is4. With transmitting frequency 4 MHz and
sound velocity in water 1 480 m/s, the minimum theoretical measurable channel
width would be 0.74 mm. However, Met-Flow transducers can generate a minimum
of 2 cycles per pulse.

Why is channel width only one half of the US burst Iength and not the total length
(see previous Equation)? Consider the following Figure 3, illustrating a 4-
wavelength burst travelling through a theoretical measurement volume of 2
wavelengths set against transducer face (no transfer time from volume to
transducer in receiving mode):
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° f, = 4 MHz
uw

T, = 0.25ms

FACE 1

Start reception |

t=0 n = 4 cycles/pulse
—— ._._._,_._._._._._._._._’ X
al, 21,
t=0.5ms
> X

Stop reception

t=1ms

Figure 3 - lllugtration to explanation of Channd width

At t=0pg burst front reaches face 1, the close particles start generating echo, the
transducer starts reception of the latter with no delay.

At t =05 m burst front reaches face 2, the distant particles start to generate echo
that will reach the transducer 0.5 ms|later.

At t= 1 theend of burst reaches face 1 and close particles stop generating
echo while echo from face 2 just reaches the transducer. Reception mode for the
considered channel switches off before receiving echo generated from particles
beyond face 2.

Thus reception time lasted 4 periods T, while echo from particles contained in a
2-wavelength volume has been measured.

Switch time: For practical considerations, the transducer switchtime between
transmission mode and reception mode is negligible.

Note: With increasing number of cycles per burst, channel width increases, and two
adjacent measuring volumes might overlap - see also ‘ Channel distance’ and
‘Overlapping’.

3.1.3 Channel distance

Thisisthe distance between centres of two adjacent measurement volumes. The
channel distance remains constant throughout the measurement window, i.e. from
channel 0 to channel (Ng, -1), where Ng, is anumber of measured channels (from 10
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3.1.4 Overlapping

to 2048 for UVP-DUO hardware with software Version 3). It can bevariedin
integer multiples of the spatial resolution (i.e., channel width) selected.

The "overlapping" phenomenon isliterally the overlap of two consecutive
measuring volumes due to a channd distance set smaller than the channd widthitself,
depending on the US burst length.

Reqular_ situation:

channel distance > channel width

. ﬂ‘ﬂ"ﬂ"i'?%‘é“"
e |

channel channel
width distance

Overlapping situation:

channel distance < channel width

overlapping channel
region width

channel channel channel
distance width distance

Figure 4 - lllugtration to the explanation of Overlapping

To explain overlapping in more detail we can use the previous example of a4-cycle
4 MHz pulse (burst length = 4| o, channel width =21 ), but with achannel
distance set at half of channel width (channel distance=1 o).
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fy = 4 MHz
t=05n% T,=0.25Ms

n =4 cycles/pulse

H —— VOLUME 2

Figure5 - Illustration to detailed explanation of overlapping

Aspreviously, at t=0pnaecho generation of the first measurement volume starts
at the same time as transducer reception, storing the signal in the first channel.

At t=0.25 mmecho generation of the second volume starts while transducer is still
receiving echo from the first volume.

At t= 05 mstopsthereception of first channel and startsimmediately reception
of the second channel (storing the signal in the second channel), as echo
generated by the second volume starts effectively to reach transducer face.

BUT volume 1 is still generating echo that will be measured and also stored in
channel 2. This phenomenon is called overlapping.

Consequently, a spatial averaging is made for each velocity channel taking into
account velocities of neighbouring channels, spatial resolution being dependent
on channel width and not channel distance. The result is smoothing of velocity
profile, which can be critical for flows with strong variations of velocity gradient.

3.1.5 Measurement window

M easurement window lengthis defined as the distance between the centre of
channel 1 (starting channel), and the channel Ny, (window-end channel) centre.
Thisisgiven as

W = (N¢, -1) * channel distance

where W measurement window length [mm]
Nen selected number of channels [1]

In the case of UV P-DUO hardware and software Version 3, N, can be sel ected
from10to 2048.

M easurement window end position W o is defined as start-channel position W g4
plus measurement window length:

Woeng = Wgat+ W =Wy + (N, -1) * channel distance.

The window-end position W ¢,y has to be smaller than the maximum depth (that is,
maximum depth3 W,,4). Vaues of window-end position are limited automatically by
software when setting channel distance and starting position, to the value

Weng = Pnax — 2 * channel distance.

3.6

UVP-DUO Monitor User’s Guide




3.1.6 Maximum measurable depth
The maximum measurable depth is determined by the pulse repetition frequency Fy+:

Proc = =
2F ¢
where Prax maximum measurable depth [m]
c sound velocity [m/s]
Fort pulse repetition frequency [1/s]

Therelation expresses the fact, that it isimpossible to ping anew US pulse into
liquid before the echo from previous pulse returns from the maximum measurable
depth (most distant channel).

The maximum measurable depth increases with decreasing Fyy.

3.1.7 Measurement of Doppler shift frequency

Establishment of Doppler shift frequency in a certain channel isthe crucial part of
UV P measurement. There exist several methods of measurement of short frequency
bursts. UVP-DUO uses time domain a gorithm.

Since a Doppl er-shifted echo burst from a certain channel is generally much
shorter than the time corresponding to the required frequency measurement, it is
necessary to obtain the required information by analysis of several echoes
resulting from several repeated US pings. The situation— for asingle channel —is
depicted on Figure 6.

\—ZHJ 3 4 Nrep-1 Nrep ‘
_________________ |
L Tmeas J

Figure 6 — Establishment of Doppler shift frequency for a single channd

Inthe above Figure, Ty¢= 1/Fyf, and Tieas = Ny X Ty Thick vertical lines
represent repeated pings (numbered 1 to N,¢,). Channel 3 is selected for
explanation.
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During each US ping, a single sample of Doppler shift frequency reconstructionis
sampled (see lower part of the Figure 6). When N, pulses is sent and N,¢, Samples
istaken, it isthen possible to establish the Doppler shift frequency e.g. by zero
crossing method.

The same processisdoneinside UVP Monitor in parallel for each active channel.
Later the Doppler shift frequency for each channel is converted to velocity, and
channel velocities are synthetised to asingle velocity profile.

From the described procedure results that for higher N, it is possible to establish
the Doppler shift frequency more precisely and more robustly in presence of noise.
On the other hand, the higher is the selected N.¢,, the longer it takes to measure the
conplete profile, and the lower is the resulting time resolution of UVP
measurement.

3.1.8 Maximum measurable velocity range

Due to the Nyquist sampling theorem related to Fyy, the maximum detectable
Doppler shift frequency islimited to one half of Fy¢

fDmax = I:prf/2

Thisimpliesthat there is alimitation on the maximum velocity range, which can be
measured by a certain F, (See also Paragraph 3.1.11, Flow direction and aliasing,
Page 3.11). Thislimitis:

C Ry
Vrange: ﬁ

where Viange maximum measurabl e vel ocity component range [m/s]

fo ultrasound basic frequency [Hz]

Fort pulse repetition frequency [1/5]

c sound velocity [m/s]
From the above two equations, the following constraint exists for this method of
measurement:

C2
Pmax *Vrange = 4 fo

Since for agiven measuring situation both ¢ and f, are constant, the product
Pmax * Vrange

isalso constant. This means that, for a given transmitting frequency, we have to
compromise between maximum measurable depth, and maximum measurable
velocity range.
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fy = cste
pmax * \"'lrrange = CSte

Velocity

| I ] I Pa.e.. ,
l J Jl - [

2 ange
—
fr—

vmnge

Figure 7 - Compromise between maximum measurable depth and vel ocity

Please note that the product val ue can be changed by change of used US
frequency f,. With lower f, higher velocities and longer ‘reach’ can be achieved.
(Alas, the penalty for increased velocity range is decreased spatial resolution...)

The possihility to optimise measurement conditionsis the reason for the
availability of more US working frequenciesin asingle UVP Monitor model.

3.1.9 Velocity resolution

We can now determine the velocity resolution. From the equation above, we can

derive that
C2
range 4f0 Pmax
DV - Vrange - Vrange
N bu 256
where DV velocity resolution [m/s]
Nou number of ‘Doppler units' [1]

Velocity resolution isthe least resolvable differencein velocity.

Number of Doppler units means number of possible velocity values coming from
digital signal processor. In other words, UV P is not able to distinguish more
velocity values than is number of available bit combinations. For 8-bit word, used
in UVP-DUO digital signal processor, Npy = 256 values.

When higher resolution is required, V;.nge must be smaller. Thisrequires that the
maximum depth P, be larger (i.e., Fy¢ be smaller). The table below shows some
possible combinations for water measurements.

Principles of UVP operation 39




Note:

fo Prax Viange | Pmac*Vrange DV
[MHz] [mm] [mr]n/s [mm?%s] [mm/s]
05 100 10,952 | 1,095,200 4278
750 1,460 1,095,200 5.70

1 100 5,476 547,600 21.39
750 730 547,600 2.85

2 100 2,738 273,800 10.70
750 365 273,800 1.43

4 100 1,369 136,900 5.35
750 183 136,900 0.71

8 100 685 68,450 2.68
750 91 68,450 0.36

(c=1480m/s)

Thetable above shows theoretical values only. Py, also depends on F ¢ (pulse
repetition frequency) and can change. Thisiswhy thetable serves for
orientation only. During practical measurement, other limitations apply (e.g.
absor ption might be limiting for the maximum measurable distance).

3.1.10 Doppler Coefficient and Sound Speed Coefficient

The raw data, which is generated and recorded on the disk, isin units of frequency
detected during the measurement time. Thus the Doppler shift frequency fy can be
obtained from the raw data using the formula

fo = raw data * Cgyoppier
The Doppler coefficient is given by
_ I:prf _ I:prf

C =
PPN, 256

where 5 Doppler frequency [Hz]
rawdata datameasured by UVPininterna units[1]
Cooppier ~ DOppler coefficient [HZ]
Fort pulse repetition frequency [HZ]

Doppler coefficient has physical meaning of the smallest measur able Doppler
frequency difference.

Velocity along beam axisis given by
V=Csound fd

and the sound speed coefficient is given by

C I
C = =
sound 2 fo 2
where Cowme  SOUN speed coefficient [m.s-1.Hz-1=m]
v velocity component into transducer axis[m/s]
fo US basic frequency [Hz]

I ultrasound wavelength [m]

310
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Please note that sound speed coefficient has physical meaning of half of the
ultrasound wavelength. This e.g. directly enables to cal culate channel width:

_ _nl
w-=n Csound - 7
where w measurement channel width
n number of emitted US cycles.

The data can be converted to avelocity using the formula

1
V =rawdata * CDoppIer * Csound * -
an(
where q US wave incidence angle to flow normal [deg]
\Y liquid velocity [m/s]

Theangle q isdefined inFigure 1. In the Equation right member, the product of the
first two factors gives the measured Doppler frequency shift, the third member
means ultrasound (half) wavelength, and the last member recal culates the
transducer on-axis measured velocity projection to real flow velocity inagiven
direction.

These coefficients are also calculated in the UV P software, and displayed in each
datafilein Info section.

3.1.11 Flow direction and aliasing

In Section 3.1.6 (Page 3.7) relation for maximum measurable velocity has been
derived. Hereit is necessary to say that the derived Equation does not fully
describe phenomenacalled ‘aiasing’.

Nyquist theorem shows that maximum velocity measurable by UVPisdirectly
given by pulse repetition frequency F,¢. However, Nyquist theoreminitsfull form
(less known to general public) does not refer to highest measurable frequency, but
to highest measurabl e frequency bandwidth.

This has rather important implication. Let us presume that some signal is sampled
with certain sampling frequency (in our case, F). Nyquist theorem then states
that highest measurable bandwidth is F,:/2. When thereal (signal) frequency is
lower than F,+/2, the measured frequency agrees with the signal frequency. If
signal frequency reaches F+/2, the measured frequency folds back into the low
frequency region. With further increase of signal frequency, the measured
frequency increases again, up to apoint of (2* F,/2). With increasing signal
frequency, the process repeats. Effective result of aliasing phenomenais, that a
single indicated frequency (velocity) can correspond to several real flow velocities,
differing by F,¢ multiples:

fo =fmeast K* For  for k=+/-(0,1,2,...)

The maximum measured range f, then corresponds to the velocity measurement
range v ange-
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Figure 8 — Frequency aliasing

It istherefore up to the user how to interpret the measured data. One possibility is
to ‘instruct’ the UV P software to interpret the measured data as symmetrical
around zero velocity. Since there is an even number of bit combinations,
measurement range will be ‘ off-balance’ by asingle Dv:

V

range
Y
2
_ Vrange
Vinin = 2

The matching section from Parameter set-up tableis on the Figure 9.

— Mawimal depth and velocity range —

Maximurn depth [mm]; |299.05 =

Wawis range [mmz):

width: |95U-5 _Ij

fromete: |-475.3, 4716 7]

Wetep [mm.z]: 2.7

Figure 9— Symmetrical velocity rangeillustration
Please note that DV is calcutated, and therefore not open for editing.

Asymmetrical velocity range can be chosen aswell, as seen from rolled-down list
box on Figure 10, from zeroto v, - Dv , or from - lvrange - Dv, to zero.

312
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Note:

Warning

3.1.12 RF Gain

— Mawimal depth and velocity range—

Maximum depth [mm]; [292.05 =

W awis range [mmdz);

width; |95'15 _Ij

framete: |-475.3 , 471. =]

Figure 10 — Asymmetrical velocity ranges

Larger values of velocity could be measured as well, always with the same
absolute velocity range Vg (thuswith smaller relative velocity range). Since
confusion in interpretation might arise, software Version 3 limits the possibility to
measuring the offered three vel ocity ranges.

Indicated velocity range does not send any ingtructions to the measurement hardware. It
should be viewed purely as a note for graphical software how to describe y-axiswhen
platting and tabeling results. In extreme, velocity range could be put into Notesto data file as
well.

Thisisalso a reason why software saves data in * Doppler units' (which correspond to bit
combination coming out of digital signal processor), and only interprets the measured
velocity later, more or less as an afterthought.

Practically, during measurement, aliasing effect demonstrates itself when measured
speed goes up to the upper (plotted on top of graphing area), and when further
increase of velocity happens, plotted velocity ‘jumps’ to the very bottom of graph.
With further increase of velocity, it goes up to the top, jumps down etc.

The same applies for decreasing (negative) velocity.

Aliasing effect can be used for measuring high fluid velocities, which do not fulfil
the Prac* Viange limitation.

Thereisno way how to recognize which frequency (and velocity) harmonicsis
measured (or how many times *around the graph’ the velocity has overflown.
Met-Flow therefore does not suggest to less experienced usersto use aliasing for
high velocity measurements. Experienced users should use aliasing with care,
and should always have UVP-independent vel ocity measurement method
available asreference for aliased measurement.

Since the attenuation of ultrasound in liquid and solid mediafollow an exponential
law, distant particles give weaker echo than particles closer to the transducer. The
amplification of the received echo is therefore adjusted so that this attenuation is
compensated for. The amplification is time/distance dependent, asillustrated in
Figure 11, and is called the gain distribution. The RF gain factor modifies the slope
of the gain distribution.
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Figure 11 - Amplifier gain distribution as function of measuring distance

The gain distribution can be adjusted by setting its start and end values. Both can
be set from factor 1 to factor 9. When both are set at the same value, the
distribution is constant (flat). A factor of oneisequivalent to 6dB.

Note Please note that the amplifier gain distribution changes continuously (without
gain steps). This has deep positive consequencesin UVP’ s signal processing and
it presents one of several things that make UVP a superior instrument.

3.1.13 US Emission Voltage

An overall amplification gain may also be controlled by changing the strength of
ultrasound emission through the change of voltage applied to the transducer
(namely, US emission voltage). Depending on the kind of liquid, maximum depth,
condition of reflectors, etc., the user will need to optimise these parameters.

3.1.14 Time resolution

The time resolution of the measurement of asingle profileis determined by the
data acquisition time, which itself depends on the pul se repetition frequency Fy or
the maximum depth. Itis given by the number of repetitionsN.e, used in the
Doppler shift calculation and:

N
DT =—
I:prf
where DT complete profile measuring time [s]
Neep number of profile measurement repetitions (default = 32)
Fort pulse repetition frequency [1/5]
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Examples are given in the following table.

Pax Fors DT
[mm] [Hz] [ms]
100 7 400 4.3
200 3700 8.6

750 987 324

Thetableis calculated for ¢ = 1 480 m/s (water) and Ne,= 32 (default).

3.1.15 Measuring time

In principle, the minimum time interval between measured profilesis equal to the
time resolution O

Tmeas = DT
where Tineas measurement time for asingle complete profile
DT measurement time for a single complete profile

(Time resolution)

Since measurement of asingle complete profile requires severa ‘pings’, the higher
the “ # of repetitions’, the longer is measurement time for a single complete profile.

3.1.16 Sampling time

For data acquisition, user can select either minimum time interval, whichis
established by UVP as function of set up parameters, or measuring period can
have any selected value longer than the minimum period.

Sometimesit is useful for the user to slow down data acquisition. This can be the
case when longer time series are measured and the user wantsto limit the datafile
volume. Thisiswhy it is possible to set certain additional delay between measured
profiles.

Please note that at every beginning of a multi-profile measurement the DSP (Digital
Signal Processor) isinternally calculating an averaged "single profile sampling
time" from the first 10 profiles (which is displayed on the status bar) in order to
have digital feedback on sampling time (accuracy + 1 ms).

3.1.17 Number of repetitions and Cycles per pulse

Depending on the condition of the working fluid— that is, the concentration of
reflecting particlesin the flow — it may be useful to change N, (number of
repetitions) and Cycles per pulse(number of cyclesin apulse, setting itslength).
When the concentration islow and the echo is weak, one or both of these
parameters can be increased to improve estimates of the measured velocity. There
is, however, a penalty: time resolution and/or spatial resolution is sacrificed. Based
on our experience, we have found that the values (N,,=32, Cyclesper pulse=4) are
optimal. Thus, we have set these to be the default values.
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3.2 Basic ultrasound beam properties

UVP practical applicability heavily depends on ultrasound beam properties, and for
every user it isvery important to understand the basics of ultrasound beam
properties. Thisiswhy we are giving some of the basic definitions and relations
here. For amore complex description of generation and characteristics of US
waves, the reader is advised to consult literature. Here we very simply present
those aspects most necessary for successful application of UVP measurement
method.

3.2.1 Ultrasonic wave

Any sound generated with frequency above the human upper hearing limit of
about 20 kHz is called ultrasound. The most commonly used ultrasound range for
research and industrial purpose may vary from 100 kHz to 50 MHz, depending on
application.

Although ultrasound behaves similarly to sound it has a much shorter wavel ength,
which means that its wave characteristics are more pronounced, and it can also be
echoed by very small reflectors (particles).

Ultrasonic waves propagate mechanical vibrationsin amedium in form of different
longitudinal and shear waves. Longitudinal wave is a compression wave in which
the particle motion isin the same direction as the propagation of the wave. Shear
wave isawave motion in which the particle motion is perpendicul ar to the
direction of the propagation.

A wave absorbed, scattered in amedium, or reflected and refracted at the interface
of different materials, changesits wave mode. An exact description of such
processesis very complex, and we will not consider it here.

For UVP purpose, only longitudinal waveswill be considered.

A waveisexpressed in terms of the pressure field, where p, correspondsto the
peak pressure. Wavelength | isexpressed as

| =c/f
where | wavelength [m]
c sound velocity [m/s]
f sound frequency [Hz]

3.2.2 Acoustic impedance

Acoustic impedance is material property, expressed as the product of the material
density and the sound velocity:

Z=r*c
where Z acoustic impedance [kg m?s™]
r material density [kg/n]
c sound velocity [m/s]

A unit of Acousticimpedance Z iscalled ‘Rayleigh’ (or Ray), larger practical unit
is ‘MRay’ (1,000,000 Rays). (John William Strutt, third Baron Rayleigh, 1842-1919,
British physicist.)
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3.2.3 Reflection and refraction on interface

Aninterface isaboundary surface between two media having different acoustic
impedances.

When the ultrasonic wave reaches an interface with an incident angle ¢ , the

following mathematical relation applies between the intensities of the incident

wave, and the reflected wave:

_Z,cosq, - Z,cosq,
Z, cosq, +Z, cosq,

r i

where o incident wave intensity [Pa]
o8 reflected wave intensity [Pa]
Z acoustic impedance of media [1]
q USwave incidence angle to normal [deg]

index1 relatesto medium 1
index2  relatesto medium 2.

By defining the reflection coefficient R as the ratio between the reflected intensity
to theincident intensity, we obtain:

P, _Z,c0sq, - Z,cosd,
p; Z,cosq, +Z,cosq,

R=

Similarly, we define the transmission coefficient as the ratio of the transmitted
intensity to the incident intensity, we get

T=&=1- R= 27, cosq;,
P, Z,cosq, +Z, cosq,
Obviously, the wave, which does not reflect, will transmit (not considering
absorption).
mEiEient wave q q reflected wave
1 1
MEDIUM 1

Figure 12 - lllugration to Fresnd’s law

Ultrasound refraction obeys Fresnel’ s law (Augustin Jean Fresnel, 1788-1827,
French physicist):

sng, _¢

sng, c,
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Note

When ¢ =90° in the equation, the whole of the incident wave will be reflected,
and the matching ¢, iscalled the ' Critical angle'. For Critical angle applies:

g, =sn’

1

a, 0

C. o

The critical angle can be easily achieved when the ultrasonic wave travelsfrom a
medium with lower sound speed to a medium with higher sound speed. Thisis
usually the case of plastic models with water, which is the most often used
combination in experimental hydraulics. Evenif the angleis below the critical limit,
careful attention is needed in the choice of material and angle, due to the extreme
diminution of the transmission coefficient T.

For illustration, some pairs of materials used in UV P technique and critical angles
aregiveninthefollowing Table.

Material 1 Material 2 C1 Ca Qeritical
[m/s] [m/s] [deg]

Water Plexiglas 1480 2760 324
Water Polyamide 1480 2400 38.0
Teflon Water 1350 1480 65.8
Water Iron 1480 5900 145
Water Aluminium 1480 6320 135
Water Brass 1480 3400 258
Water Glass 1480 5200 165
Mercury Iron 1450 5900 14.2
Glycerol Polyamide 1920 2400 531

Thecritical angleis sometimes very small, and it can be more advantageous to
bring the transducer into direct contact with the fluid, perhaps through aport in

the channel wall.

The careful reader has already easily recognised the similarity of theUS
eguations above with those valid for optical reflection and refraction. Since
more similarity applies, thisfield is also sometimes called *US beam optics'.

3.2.4 Sound velocity and Acoustic impedance of selected materials

The sound velocity and acoustic impedance of selected liquids and vessel
materials are presented in the following Table. These values can be used without
too much error under normal conditions. A combination of liquid and solid is
recommended so that the acoustic impedanceratio at the interface is between 2

and 3.
Acoustic
Medium Density Sound velocity impedance
[10°kg/m?| [10°m/s] [10° kg/m?s]
Water (20° C) 0.98 1483 15
Glycerol 1.26 192 25
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3.2.5 Absorption

Qil (minerd, light) 0.83 144 119
Mercury 136 145 19.7
Ice 092 320 29
Aluminium 2.7 6.32 17
Brass 8.6 34 292
Copper 89 470 42
Glass (borosilicate) 25 52 138
Tin 73 332 24
Iron 17 590 45
Plexiglas 119 2.76 33
Epoxy resin 11-125 24-29 27-37
Polyamide 11-12 22-26 24-31
Polystyrene 1.06 235 25
Teflon 22 135 30

All the above values of sound speed and impedance should be taken with some
reserve, since many materials can differ in sound speed due to production
technology process, or ageing.

Interested reader can find many more materials, together with description of
measurement of empirical data, on the Internet addresswww.ultrasonic.com.
Another source of practical information on ultrasound properties can be found on
www.krautkramer.com, and on many other Web sites.

During propagation, the energy in a sound wave either is transformed into another
form, or islost due to scattering by impurities in the medium. Both processes
contribute to the “ Absorption” of the sound wave. Along the line of propagation,
the absorption is expressed by the exponential law of absorption—‘Beer’slaw’
(Augustus Beer, 1825-1863, German physicist):

p(z) = po exp(-2az)

where p acoustic pressure [Pa]
Po reference acoustic pressure on transducer [Pa]
a absorption coefficient [1/m]
(also called ‘ absorptivity”)
z distance [m]

The absorption coefficient depends on the material, US wave frequency,
temperature, and other possible parameters. For practical measurement, it isvery
important to make a good choice of medium and wall material with not very high
absorption coefficient.
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4. Hardware description

4.1 UVP-DUO series

The features common to al modelsinthe UVP-DUO line are:
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Emiing volage on fansc e 20,6090, 150V for50-Omitanscoes)

Emited oydes per puise () 2D320ytks by sepd'l
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Speceresoln - longjucinal () Arox 05 miooseoonds (ransclicer-cepender)
Seceresolion - lateral ) Deinel by used tersdl. cer

Cherel dsence Vaiete, fom 037 mminweer (medumdepencer)
Veelodty range resoltion 12565 ofveddyrange (1LSB)

Rawecho acoyision Same et iepod and renge resol ons as velodity
Reeiion rate (emissions per profie) () 810240, Epafl

Acaisiion ime per profie () Vaietk miimum1nms

Doppler shit detecion algorihm Timedomeharfiecpency domei (FFT)

Triggering Bemdl sgral (TTL) orkeyboard

Timedely betiveen prolies 0b600Ns

Recording capecly Upbyourremoe computer herd sk capedly
Coniiguraion parameters saving Urimied rumber of configLraion fles can be saved
ot )
f— ST e by b G
Remoke conirol inerface Bherret 100Bese T (RIM45 fermoie! comnectr)

Remoe compuer aperaing ysem Whtbns 98/ SE/ME arWhtbns NT 4/ 2000/ XP
Dispay Bxtamal dsplay - Up o your remoie compuler dnaradersics
Ponersupoly 10220V, 5080 Hz

Szedfisiumentcasing IDxI0DX40Mm

Weft Big
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Bxpotpedkediy Sy alminim case (otkred separeie))
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() Increasing number of emitted cyclesimproves signal quality but decreases
longitudinal resolution.

(2) Maximum pulse repetition frequency is limited by maximum measurable depth,
i.e. by time of flight of ultrasonic signal to adistant point and back to transducer.
(3) The least number of wavesin apulseistwo. Longitudinal space resolution
depends on ultrasonic frequency (wavelength) and also on agility of used
transducer. Met-Flow transducers are very agile and therefore converge to the
theoretical resolution limit.

(4) For ultrasonic beam divergence values see the Transducers data sheet.

(5) When using high repetition rate (many emissions per profile), sliding averaging
intimeisachieved.

(6) Acquisition time depends on the ultrasound flight time to the maximum depth
point and back, and on the repetitionrate.

4.1.1 Models with integrated multiplexer

In applicationswhere it is desired to obtain a spatial mapping of the flow
characteristics (flow mapping), the UVP-DUO with an integrated multiplexer isthe
ideal solution. In these units, both the multiplexer and its controller are integrated
into the UVP. Using the supplied software, any of the channels can be selected at
random and in any combination. Asaresult, selecting the order in which the
transducers are switched, preparing the timing sequence, etc. are easily
accomplished. The sequence and timing of multiplexer channels are controlled
from UVP-DUO software.

The multiplexer comes with 20 output channels multiplexed by relay circuits.

4.1.2 Models without multiplexer

If customer does not require multi-transducer measurement capability (e.g. if UVP-
DUO isused for industrial measurement of asingle profile), UVP-DUO without
multiplexer can be delivered for lower price.

4.2 UVP-DUO hardware description

The UVPisdesigned in adifferent way than previous UV P models. All
measurement functions are contained in an UVP-DUO unit, while software with al
its controlling and analysis functionsisinstalled on aremote computer. UVP-DUO
and remote computer are connected by an Ethernet link.

Since all controlling functions are accomplished through software, UV P does not
have any controlling elements.
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INTERFACE MEASURE

/]

Transducers

LAN Network

Figure 13 - Block diagram of an UVP-DUO Monitor

4.2.1 UVP-DUO unit

On thefront panel of the UVP-DUO there is a power switch and aLED diode
indicating Power On state.

Figure 14 — UVP-DUO back plate

On the back panel of the UVP-DUO are connectors for an echo signal output
(named * ECHO ), ultrasound pul se repetition frequency trigger signal output

(* PRF"), external trigger input (* TRI GGER' ), and window start signal output
(" GATE' ). There are also BNC connectors for the transducers (* TRANSDUCER' )
- the number of connectors depends on the model. Modelswith integrated
multiplexer have 20 BNC connectors numbered* CH1’ to ' CH20' . Models
without multiplexer have five BNC connectors, one connector for each ultrasonic
frequency. When multiplexer models work with switched off multiplexer, then the
first five connectors correspond to the five connectors for different ultrasonic
frequencies. Connector * CH1’ corresponds to the (lowest) frequency 0.5 MHz,
connector * CH2' correspondsto 1 MHz, connector * CH3' corresponds to
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2MHz, connector * CH4’ correspondsto 4 MHz, connector * CH5’ corresponds
to 8 MHz.

Warning:

The user should ensure that the connector and transducer are matched
appropriately. Incorrect connecting of wrong-frequency connector could lead,
under certain conditions, to permanent damage to transducer and/or UVP-DUO
electronics.

Note:

In addition, there is connector on the back panel for * SERVI CE’ seria port, and
an Ethernet port* REMOTE’ .

The echo signal output (ECHO) is used to monitor the ultrasound emission and
received echo. Displaying this signal on an oscilloscope providesinformationin
the most convenient form for adjusting parameters, transducer settings, etc. It is
particularly helpful in recognising the position of awall or obstaclesin the flow.

We strongly recommend that the echo signal be monitored in all investigations.
Itistheonly reliable way how to make sure that what you measureisnot an
artefact caused by false reflection from walls etc.

The ultrasound pulse trigger signal (* PRF’ ) supplies thetiming signal for an
ultrasound pulse emission. Thisoutput is usually connected to the external trigger
input of an oscilloscope.

The external trigger (' TRI GGER' ) isused to trigger the start of the measurement
of aprofile.

The power line, fuse holder and power connector are fitted on the back panel.

Inthefollowing tableis an overview of UVP s external connectors and their
functions.

Connector | Description Explanation
ECHO Echo Signal BNC connector to oscilloscope for monitoring a
received echo signal.
PRF Pulse Trigger | Thissignal supplies the timing for an
Signal ultrasound pulse emission. Connect this

output to the external synchronisation input of
an oscilloscope.

TRI GGER Trigger BNC connector to an external trigger signal-
generating circuit. The trigger signal defines
the start of profile storing.

CHL - Transducers BNC connectors for the transducers. The UVP-
G20 DUO with multiplexer has twenty BNC
connectors - labelled CH1, CH2, ... CH20. The
first five connectors are labelled 0.5, 1, 2, 4, and
8 MHz. Ensure that the transducer and
connector are matched appropriately.

SERVI CE Serial Port External serial cable connection for setting up
TCP/IP address.
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Connector | Description Explanation

REMOTE Ethernet port | The Ethernet port for connection to remote

computer network (LAN).

4.3 Preparation for operation

4.3.1 Safety precautions

Warning:

UVP-DUO Monitor uses high voltage, which is potentially dangerous to your
life. Itisstrictly forbidden to remove the cover of UVP-DUO box with line
voltage cable connected to mains power supply. Doing so would expose you to
electrical shock.

4.3.2 Power Supply

Thelinevoltageis 117/240V AC, 50/60 Hz (pre-set at the factory to end-user’s
expected local voltage). Grounding of the power lineis necessary. UV P power
consumption is about 50W. Surges on the power line should be avoided.

Warning:

Beforethefirst powering on the UVP Monitor, check the line voltage on the
voltage selector! Every effort has been made to deliver the UVP Monitor to you
with correct voltage set, but Met-Flow cannot be responsible for any damage on
the UVP Monitor caused by powering the UVP Monitor with wrongly selected
power line voltage.

Note:

Network the UVP-DUO before powering on.

We recommend a warm-up time of the UVP-DUO hardware of at least one
minute after switching on the UVP-DUO Monitor. UVP-DUO contains an
embedded PC computer, which needs some time to boot-up.

4.3.3 Networking the UVP-DUO monitor

4.3.4 Transducer

Just connect the REMOTE connector with aremote computer or LAN by an
Ethernet cable. Network the UVP-DUO before powering on.

Even though ultrasound transducers are relatively robust, and electronic filtering
of signal inthe UVP eliminates some signal frequencies caused by external sources
of vibration, special care should be paid to transducer mounting. When the
transducer is mounted against a solid surface (e.g., the outside wall of a container),
any air gap between the wall and the top surface of the transducer may prevent or
disturb the propagation of the ultrasound wave, resulting in an unsatisfactory
measurement. To handle such cases, some ultrasound jelly is supplied with your
UV P, which provides good coupling between the transducer and the mounting
surface. A pea-sized amount of jelly on the working surface of atransducer will do.
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Excessive operating temperature at the transducer may cause its permanent
damage. The nominal operating temperature of the common TN-Series transducer
isup to 60°C.

An excessive heating up of atransducer can also be caused by powering of a
transducer not acoustically connected with the measured media (US energy does
not leave the transducer), while simultaneously selecting very long pulse length
and high US emission voltage. Your finger is sufficient to check the temperature. If
you cannot hold your finger on atransducer becauseit istoo hot, UV P use should
be interrupted, and transducer fit improved.

Warning:

Always check the working temperature of transducersthat are operated in the
air. Met-Flow isnot responsible for damage to transducers caused by excessive
heating of transducer.

4.6
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5. Software Version 3

5.1 Software —introduction

All the UVP-DUO software Version 3 has been rewritten from scratch and made
into integrated, full-featured Win32 application, which collects datafrom UV P-
DUO hardware, displaysthem on-line, saves them to disk, analyses, and exports
filesfor use in other applications.

The software Version 3 merges all useful features of the former On-line and Review
XW software Version 2. Many analysis features have been added - vel ocity
histograms, auto-correlation analysis, cross-correlation analysis, and power
spectrum. New software also reads former profile format prf and dat files. In
addition, Flow mapping has been significantly improved and is now well ahead of
any comparable software.

UVP-DUO software Version 3 is supplied on a CD, accompanying UVP-DUO
hardware.

Note: All UVP-related software supplied by Met-Flow is copyrighted to Met-Flow and
Optek. You are not allowed to de-compile or reverse-engineer the software, or to
do anything, which would infringe Met-Flow’s copyright.

5.1.1 Remote computer

Infull version for data acquisition, or as a demo/emulator, or as a data post-
processing software, the supplied software will run successfully on almost any
IBM PC-compatible computer fulfilling or exceeding the following requirements:

Pentium processor, at least 32 MB RAM memory, VGA graphics card, color
monitor with at least 560x480 resolution, 20 MB free space on hard disk, Ethernet
port, and Win32 operating system (Windows 98/ME/NT/2000/XP).

Windows 95 is not supported.

5.1.2 Software Version 3 installation

Just insert the Met-Flow CD into a CD drive of the computer where software
Version 3 should beinstalled. Run the Setup.exe file by double-clicking it from the
Explorer, or by using Sart| Runbox. Follow theinstructions of the Setup Wizard.

During installation, the Setup Wizzard will ask for a 16-digit alphanumeric Serial
Nurmber, which has been supplied with your original software (Demo software
version does not require Serial Nurmber).

The Serial Number serves as a software key. It includes your coded personal User
ID number, assigned to you by Met-Flow during purchase.

The User ID number can be viewed in Hep | About.
Itisimpossibletoinstall Version 3 software without avalid Serial Nunber.

When installing Version 3 software on a standard PC-compatible computer for
post-processing and review of measurement results, install the softwarein the
same way.
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5.1.3 New software Version 3 features

The main new features of software Version 3 are

Selectable number of measurement channelsin profile from 10 to 2048
Echo level isdisplayed and saved within datafile

Turbulence statistics graphs and tables- average, variance, skewness, kurtosis
Velocity histogram of each channel

Period enhancement graphs

Improved flow rate calculations

Auto-correlation and cross-correlation of any channels

Power spectrum of any channel

Flow mapping

Average and median smoothing of profiles and channels

New file format stores all measurement datain asinglefile

Unlimited record length

Fast reading of long files

Fileinformation preview in Open file dialog

All UVP-XW older file formats are read

Unlimited editable commentsto all datafiles

Substantially improved block handling

Improved multi-transducer data handling

Multiplexer table saved within datafile

Perfect Windows MDI user interface

Full compliance with Windows interface guidelines, incl. context -sensitive
menus

Full Clipboard support

Full window cascade and tile support

Multiple zooming and inverse-zooming of all graphics by mouse-drawing
Velocity display scaling

Profile graph scale axisin mm or channel number

Time series graph axisin seconds or profile number

Printing of all graphics windows and tables

Print preview of al prints

Clipboard copying of all graphics as bitmap or enhanced metafile

M ouse selection and Clipboard copying of all tables

Export of al resultsastxt or csv files

Export of all results as Tecplot files

Selection of unsmoothed or smoothed data export

Many other smaller improvements.

5.2 Software description

5.2.1 Starting the software

Switch on both the UVP-DUO and software host computer by appropriate Power
switches, and wait until the PC boots.

To start the software Version 3, double-click the Version 3icon

or, click Sart| Programs| UVP| Verson 3 Software.
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Note:

To quitthe Version 3, click File| BExit from the main menu, or click the Close
window button at the very top right window corner.

Multiple copies of software Version 3 can be launched for data analysis. Thisis
useful when it isdesired to compare results from different data files.
Only once instance of software can acquire data at a given time.

5.2.2 The main window

After starting the software Version 3, the main window opens on the display. The
window is depicted on Figure 15.
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Figure 15 - Version 3 Software main window

5.2.2.1 Window configuration saving

When closing the program, the program saves the last used layout of the
secondary windows opened within the main (primary) window (‘client area’), and
uses it when opening the program next time. Thisiswhy the layout of opened
secondary windows can differ from what you see on the Figure 15. Thisisavery
useful feature sinceit allows you to set up window configuration most fitting your
needs and use it next time when you open the software.

When sel ecting Test measurement parameters or Sart measurement, only some of the
windows are on-line active: Profile graph, and Time series graph. Other windows
would beinactive. Thisiswhy software Version 3 saves data acquisition window
configuration separately, and usesit whenever Test measurement parameters or
Start measurement areinitiated.

Y ou can change data acquisition window configuration during data acquisition. A
newly created configuration will be saved and used for future data acquisitions, as
long asit is not changed later.
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5.2.2.2 Title bar

5.2.2.3 Menu bar

When data acquisition is compl eted, the analysis window configuration returns to
the previously used analysis configuration.

The main window consists of title bar, menu bar, window body, and status bar.

Title bar displaystitle bar icon, currently opened file name, application name, and
window buttons. This complies with Microsoft data-oriented design policy.

[_‘_Z:_']Ta_l,llur-[iuuette_mfpmf - Met-Flow UYP

Figure 16 - Title bar

Menu bar consists of the following pull-down menus: File, Edit, View, Measuremernt,
Analysis, Window, Help.

File Edit “iew Measurement Analysiz Window  Help

Figure 17 - Menu bar

File menu contains standard Close, Save, Save As... menu items for opening and
saving files. Open... itemopens a personalised open file dialog with preview of
UV P parameters saved within the datafile. It istherefore possible to review file
parameters without opening the file. This allows for easy and fast browsing
through datafilesin adatafolder.

Laak, jr: Ia [1ata Files J _I _I _I I__l

WY Epfld. miprof %FlowMapTestD? mfpraf

WY Flowbd apT est0 mfprof %FlowMapTestDS mfprof

WY Flowibd apT estlZ2 mfprof %FlowMapTestDS.mfprof

WY Flowbd apT estOd. mfprof W F b apT et 0. mfprcf

WY Flowitd apT et mfprof % profile_ 02082000_121722 mfprof
WY Flowibd apT estlE mfprof %Ta}llnr-couette.mfpmf

File name: | Test DO00.mipraf Open

i
Files of bpe: IMet-Flow welocity profile [ mfpraf] j Cancel |

Test file - file comments are placed here.

Prafile definition
Mumber of channels =128
Mumber of blocks =1
Frofiles in block, = 1024
Frofiles tatal = 1024
Amplitude data = Mo
Sampling period =135 ms
Starting time = Mo walid time
End time = Mo valid time -|

Figure 18 - Open file dialog with UVP parameter preview
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Export... itemis used for exporting measurement results as txt or csv files. Export
also includes Separate transducersitem for ‘breaking’ multiplexer multi-transducer
filesinto separate single-transducer datafiles.

Page Sztup. .., Print Setup. . ., Preview, Print... are standard printing-handling items.
BExit item terminates the program execution.
Edit menu This menu consists of a standard Copy item, and three edit items:

Edit Angle edits the ultrasonic transducer angle to the main flow’s normal - see
Figure 19.

Edit Multiplexer parameters opens editing of ‘ multiplexer table’ where multiplexer
sequence and timing is Set.

Edit Notes adds and edits comments and notes to the currently opened or
created datafile. Thereisno limit for length of notes. Notes can be added or
edited at any time, are saved with file, and shown on Open file parameter
preview.

bose 13
Cancel |

Y

Figure 19 - Edit angle dialog

View menu contains Tool bar and Satus bar, Distance axis variable, Time axis
variable, Velocity digplay scale, and Options...

Tool bar and Satusbar. Clicking repetitively these items displays and hides tool
bar and status bar. Displayed bar is marked by check mark.

Distance axis variable sel ects distance axis variable scale between distancein
[mm] and distance in [channel number], in al relevant windows. Select whatever
option is more convenient for your case.

Time axis variable sel ects time axis variable scale between timein [s] and profile
in [profile number], in all relevant windows. Select whatever is more convenient
for your case.

Ve ocity display scale changes vel ocity scale of a displayed graph. For example,
selecting ‘X 2 on profile graph decreases graph vertical scale twice, which
increases apparent graph amplitude twice. Thefeatureis useful for display of
graphswith small amplitude. Use‘Full scale’ option to return to original size.

Options... Thisopens adialog with tabs containing selectable optionsto every
window. The dialog opens on options belonging to awindow, which currently
has focus (highlighted title bar), but you can select any tab (by clicking by
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mouse into its header) to change options for any window.

Optionsdialog can also be opened by clicking by mouse right buttoninto a
window. Context -sensitive menu opens. Select Options... by left mouse button.
Thedialog opens on arelevant tab. More about options see at respective
window descriptions.

M easurement menu contains four items; Instrument address, Test measurement
parameters, Sart measurement and Sop measurement

Instrument address, see dialog on Figure 20.

If software Version 3 works without UV P hardware (data analysis), select the
‘Local Instrument’ option. In this case, Version 3 cannot collect measurement
data, of course, but it can read, analyse and savefiles.

Setting up of Ethernet connection between UVP-DUO and its host computer, or
between host computer and LAN (Local Area Network) isdescribed in
Appendix: Communication set-up, Page 15.1. Nevertheless, it can be sometimes
tricky. In case of problems, please consult your network manager.

Instrument Address

X
) Remate instrument —l

™ Local instrumet

Cancel

TCRAP address: |192.168.0.10 Adwanced...

Figure 20 - Instrument connection settings

Test Measurement Parameters. The latter opens a rather acomplex wizard-style
dialog with two pages, which enables to set up all UV P measurement
parameters and multiplexer parameters, and run the measurement, but it does
not save dataintofile. It is described in detail in Section 5.4, Test measurement,
Page 5.35. After filling appropriate parameters and clicking OK, UVP Monitor
starts pinging and collecting test data (without saving them).

Sart measurement opens a complex wizard-style dialog with three pages, very
similar to that for Test measurement parameters. In addition, it allows editing file
name of saved data, and adding notes to the measurement. It isdescribed in
detail in Section 5.5, Data saving, Page 5.43. After filling appropriate parameters
and clicking OK, UV P Monitor starts pinging, collecting test data, and saving
themin afile.

Sop Measurement. It stops the running measurement. Both test measurement
and real measurement are broken. In case of real measurement, the datafileis
saved, anyway, with appropriate comments visible in the * Measurement info’
window, see Figure 21.
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5.2.2.4 Tool bar

| fl M easurement info =] B3

File A|
C:3Program Files\UWP_XWZ'\Data Files\TestBreak.mfprof

Measurement was stopped by user
Profiles 12 to 1023 lost and not walid
Measurement was broken (code 1)

Profile definition

NMunber of channels = 128
Nunber of blocks =1
Profiles in block = 1024 hd

Figure 21 - Broken measurement message exanple

Analysis menu contains fourteen items, and includes all Analysiswindows. This
menu is described in a separate section.

Window menu contains standard Windows items for handling and arranging open
windows (Close All, Cascade, Tile Horizontally, Tile Vertically, Arrange Icons), and list
of currently opened windows.

Help menu contains standard Windows Help items, plus About. .. information.

There are actually two bars. The upper tool bar contains following icons:
ESB i ALME ~ iWMES REBRLi b

Figure 22 - Upper tool bar with icons
Theicons have the following meaning (from | eft to right):

Open (file), Print, Copy (to Clipboard), Measurement info, Profile graph, Time series,
Color graph, Prdfile table, Average and gatigtics graph, Ve ocity histogram, Period
enhancement (time), Period enhancement (profile), Flow rate, Auto-correation, Cross-
correlation, Power spectrum, Flow map, Test measurement parameters, Sart measuremen,
Sop measurement.

Clicking any icon either opens the matching window, or the matching dialog. Its
functions are described in a separate section.

Thelower tool bar contains some or all of the following controls (from left to right):

Ji » — — |Jmei|e|D = Block [l = |J5mnnthing+f-|ﬂ =

Figure 23 - Lower tool bar with controls

Two arrows mean ‘ Sart/Sop movie backwards , and * Sart/Sop movie forwards .
These buttons work ‘ push-on, push-off’. Click once and movie starts moving.
Click again, movie stops. The slider controls Movie speed (Ieft—slow, right—fast).
Three ‘spin boxes' are used for selection of Prdfile and Block (if used), and for
Smocthing selection. Its function is described with appropriate window description.
All the controlsin the lower tool bar are context -sensitive, and are visible only if
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they make sense for awindow with focus. Other spin boxes can also appear on the
toolbar.

5.2.2.5 Status bar

When no measurement isrun, status bar displays tooltips belonging to theicon a
mouse pointer is placed on.

When measurement is run, status bar displays name of file into which the current
measurement is being saved, measurement validity indicator and bar, and
measurement progress indicator and bar, indicating data collection progress.
Validity 99% means that 1% of measured datais rejected.

C:\Program Files\Metflowt P Monitor 3 Dermo’\ Testl001mfprof  [REELDIEEES 34%
Figure 24 - Satus bar

5.2.2.6 Textwindows

Text windowsinclude Measurement info, Profile table, Average and statistics (one
tab), and Flow map (two tabs).

Text windows can be resized; nevertheless they intentionally do not scale fonts
while resizing. Thisimproves readability because fonts remain the same size. All
text windows can be scrolled whenever necessary. Scroll bar appears automatically
whenever necessary.

All text windows support copying into Clipboard (<Ctrl + C>). Thisisvery useful
for copying datainto reports and presentations. For copying into Clipboard, select
(highlight) acell or ablock of cells by dragging amouse and click <Ctrl + C>. Only
the highlighted selection will be copied into Clipboard.

Specifically, it is possible to copy texts and tables directly into Microsoft Word
and Excel. When copying tables or parts of tablesinto Word, the Clipboard also
automatically adds matching table column name. Datain atable copied into Word
are tab-separated.

[mmfs]- [mmfs]+[mm2/s2 ]

-982.6- 970.8 » 9 42E+005
-1233.94168.4 » 2 S4E+0049
-1228.7+180.5 + 3. 26E+0049]
-238.0-434.6 » 1.89E+003f]

Figure 25— Copying Tableinto MSWord
Please note that all text windows can be print-previewed and printed.

All text windows have context -sensitive pop-up menu, which is displayed by
clicking right-hand mouse button into awindow.
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5.2.2.7 Graphics windows

Graphics windows include Profile graph, Time series, Color graph, Average and
statistics (four tabs), Velocity histogram, Period enhancement, Flow rate, Auto-
correlation, Cross-correlation, Power spectrum, Flow map (one tab).

All graphics windows support copying into Clipboard, which is very useful for
copying datainto reports and presentations. Full content of graphicswindow is
copied.

Two options can be selected for copying to Clipboard. Copy as Bitmap copiesthe
graphics window as bitmap. Copy as Vector copies the graphics window as an
Enhanced Windows Metafile.

Specificaly, it isdirectly possibleto copy graphics directly into Microsoft Word.
Please note that all graphics windows can be print-previewed and printed.

All graphics windows have ‘hot’ cursor. When mouse cursor enters graphing area,
it changesits shape from arrow to cross-hair. Co-ordinates of the cross-hair centre
are displayed inside the window. This allows for precise evaluation of co-ordinates
of points selected by cursor.

All graphics windows have context -sensitive pop-up menu, which is displayed by
clicking right-hand mouse button into a window.

All graphics windows can be zoomed in. Just click by mouse into upper left corner
of your area of interest and draw rectangle by moving mouse diagonally to right
bottom. Then release the mouse button. The drawn rectangular areawill expand to
fill the window. Simultaneoudly, all scales are re-drawn. Y ou can repeat zooming as
many times as you wish. To un-zoom the window, just double-click by mouse into
awindow.

Inverse-zoom compresses all currently displayed window areainto a mouse-
dragged rectangle. To achieve this, push <Shift> or <Ctrl> key and drag rectangle
by mouse. After releasing mouse button, inverse-zooming operation will
commence.

All graphics windows have context -sensitive pop-up menu, which is displayed by
clicking right-hand mouse button into a window.

5.2.3 Smoothing, Averaging

In several graphical windows, smoothing of measured profiles can be executed.
This concerns Profile graph and Time series windows.

Dueto afinite number of measurements and due to turbulence in measured liquid,
measurement points lying next to each other differ by their statistical dispersion.
Dispersion can be quite high especially for high turbulence and low number of
ping repetitions. Thisiswhy apossibility to ‘ smooth’ measured profiles and time
seriesisintroduced.

Two methods of smoothing are available in the software: average and median.

Average smoothing replaces the measured value in a certain point by arithmetic
average of several measurement points lying around a point of concern. Please
note that smoothing number of pointsisadded to BOTH sides of a calculated
point. This means that smoothing value +/-3 actually averages 7 points.

Median smoothing replaces the measured value in a certain point by median of the
valuesin acertain smoothing interval. In practice, thismeansthat all pointsfrom
interval around a point of concern are sorted according to their value, and value of
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point of concern is replaced by their median (point in the middle of the sorted
points). Please note that smoothing number of points is added to BOTH sides of a
calculated point. This means that smoothing value +/-3 actually takes into account
7 points. Median smoothing is very efficient way of removing ‘shot’ type of noise,
where asingle valueis significantly out of sequence, e.g. dropout of avalueina
single point of measurement.

As smoothed point nearsthe beginning or end of graph, not all points necessary for
smoothing might be available. In such case, the used computational algorithm decreases
smoathing value for a given point according to number of symmetrical neighbouring points
available. This meansthat ends of a graph are smoothed with lower smoothing.

An example of different smoothing typesis on following Figure 26 (unsmoothed
profile, Figure 27 (average-smoothed profile), and Figure 28 (median-smoothed
profile).

Welocity [mm/s] SRl el 2
BOO} - - -

T
___________ 4
1
1
1

[

400 - - - - e e m e

200 'w\i: """""""""
1]
200F - - -W

A0 -------- -

RN R [

BO0F--------------

250 —
Smoathing +7-0 -
Al M

Figure 26 - Unsmoothed time series example

While average smoothing can nicely remove small high-frequency ripple, it cannot
handle larger point discontinuity.
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Velacity [mm/s] p=362 . v=444 8 mm/s dod
BOOF - - - - === === - Rt R Rt Rt
R b mmmmmens Losmmenmmss ssmmsmeEES
ST TN TN
o— i I :
2001'\'/'\w‘f/' --------- R
| Fommmmm- - bl LR
B ol s s Lo L
2a0 300 350 400 450 =]
Smoothing +/-2 Profile -
4 = M
Figure 27 - Average-smoothed time series exanple (+/- 2)
M edian smoothing has almost completely removed big discontinuity, whichis
dominant on unsmoothed profile.
Welacity [mm/s] p=393 , w=-254 9 mm/s fd
B -------------- bommmmmm- I Lt mmmmmmm-
400 - - - == - -m oo Lomommmmo dome e Rt
RN
B clsssas Lsssssass VessaER e Lsssmasssns
BOOF-- - - - - - - - - - Fommmmm- - e R LRt
250 300 350 400 450 =
Smoothing +¢-2 Prafile By
4 ————— 7

Figure 28 - Median-smoothed time series exanple (+/- 2)
In al examples, smoothing value of only +/- 2 has been used.

Selected type of smoothing appliesfor all windows of the running instance of the
software. When changed, all respective windows are recalcul ated. Type of
smoothing can be changed either from pop-up menu (right mouse button), or from
Options...

Please note that smoothing goes along time axis, i.e. it is best observed on ‘ Time
series’ graph.

Differently expressed, each measured channel is smoothed separately.
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5.2.4 Exclude zeros function

For various reasons, UV P Monitor sometimes does not succeed to measure certain
profile point. Usually, the reason for thisislack of reflecting particles, too weak
signal, or reflections. Such ‘empty’ points are then replaced by ‘ zero’ value of
velocity.

When doing smoothing and averaging, such ‘artificial’ velocity points can be
excluded from measurement evaluation by ‘excluding zeros'.

5.2.5 Exclude negative, Excluse positive function

Note:

Similar function, removing bad data points from smoothed data set, is executed by
‘Exclude negative’ or ‘ Exclude positive’. When measuring near the top of velocity
range, some of measurement values can ‘overflow’ and fall into other side of the
graph (see Aliasing). When performing smoothing from such data, overflown (or
underflown) data can cause considerable havoc. Thisiswhy it is possible to
exclude such data by the above functions (in mono-directional flows only!).

Selected type of dataexclusion appliesfor all windows of the running instance of
the software. When changed, all respective windows are recal culated. Type of data
exclusion can be changed from pop-up menu (right mouse button), and are present
in pop-up meny only when smoothing is set to non-zero value.

Please do not confuse ' Exclude zero’, ‘ Exclude negative’ and ‘ Exclude positive’
for similar itemsfound in pop-up menu in Velocity display scale: *All values’,
‘Positive and Zerosonly’, ‘Negative and zerosonly’. These itemsinfluence
drawing of graph and itsy-axis only. When * All values’ are selected, a bipolar
graph isdrawn. When ‘Positive and Zerosonly’ or ‘Negative and zerosonly’ are
selected, software draws unipolar graph and skips the discriminated vel ocity
values.

5.2.6 Export to Tecplot

For presentation graphics and graphics postprocessing, all UV P measurement
results can be exported into third-party Tecplot software.

Tecplot is plotting software with extensive 2- and 3-D capabilities for visualizing
datafrom analyses, simulations and experiments. Tecplot helps explore data,
produce informative 2- and 3-D views, create presentation-quality plots and
animations, and share your results viathe Web.

Tecplot isaproduct and trademark of

Amtec Engineering, Inc.

13920 SE Eastgate Way Suite 220
Bellevue, WA 98005

U.SA.

Detailed information on Tecplot can be found on http://www.amtec.com/ .

To export datafilesinto Tecplot format, select File | Export, select the result file to
export, and in the File Export dialog select Save astype... Tecplot (dat).

Thedat file type can be directly read by Tecplot. Met-Flow guarantees created file
compatibility with Tecplot 8.0 and higher. It isvery probable, that older versions of
Tecplot can read these files as well, but were not tested by Met-Flow.

Work with Tecplot isfully described in Tecplot manual, and is not handled here.

Tecplot softwareis not apart of UV P software and is not available from Met-Flow.
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5.3 Data analysis

Windows are described in the same order as their respective icons appear on the
upper Tool bar, from left to right.

5.3.1 Measurement info window

The window contains all measurement status information and notes, including
profile definition, sound speed, maximum depth and vel ocity range, measurement
window parameters, measurement angle and C-factors, signal parameters, RF gain,
trigger mode, multiplexer parameters and multiplexer table.

|l Measurement info =] E3

File
C:hProgram Files \UWP_XIIZWData Files\TestBreak(O0l. mfprof

Profile definition

Sampling period
Starting time

40 ms (maximamm speesd)
17-9-01 1z:54:07

NMunbker of channels = 128
Humber of blocks =1
Profiles in block = 10Z4
Profiles total = loz4
Auplitude data = Mo

End Cime 17-3-01 1Z:5&:Z8
M= dium
Sound speed = 14280 n/=
Maximum depth and welocity range ‘:J

Figure 29 - Measurement info window

Click into window with right mouse-button to open a context -sensitive pop-up
menu belonging to the window, see Figure 30.

Print Prewview

Select Al

Copy
Clear

Figure 30 - Measurement info, pop-up menu

The menu is very basic because M easurement info window does not have any
specific options.

5.3.2 Profile graph

Thisis one of the most significant windows in the UV P software. During data
acquisition, it displays measured profiles on-line, and during off-line data analysis,
it displays saved velocity profiles (red dots). Simultaneously, it displaysthe
amplitude of raw US echo, returning to transducer (grey line). The amplitude of raw
echo is saved with data.

It is possible to display/ hide the raw echo amplitude graph by checking/
unchecking the box ‘Read amplitude’ in the second measurement dial og.
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M Profile 174 graph (3.306 s) - (O] |

elocity [mm/s] ch=91, w=299.8 /s
..M. #F.ﬁﬁ.ﬁba"?"* ey ; -
200 SRk ety Pttt pTeo
. MMAAA AL i i
IR AR Y
2 {oeemeees e
i 20 40 60 a0 100 120
Smoothing +/-2 Channel

Figure 31 - Prdfile graph window

In window title bar the displayed profile number (and matching time from
measurement start) are displayed. Once the cursor gets into the profile window, it
changesinto an active ‘ cross-hair’ and its co-ordinates are displayed on top of the
window. Thisenablesto precisely measure co-ordinates of any measured point.

Profile window is controlled by several controls on atool bar, see below.

|4 » —— |JF'rnfiIe|'|23 = Bock[p ] |J5monthing+f-|ﬂ =

Figure 32 - Prdfile graph tool bar

A desired profileis selected by a‘ Profile’ spin box, eventually by ‘Block’ spin box,
if morethan single block of datais used (thisis always the case with multi-
transducer file).

Context -sensitive pop-up menu (click right mouse-button) contains several items:

Copy as Bitmap
Copy as Wecior

Print... Ctrl+F
Frint Presiew

7 oaxis variable »
“elocity display scale r
Smoothing type »
v Exclude Zeros
Exclude MNegative
Exclude Positive
v Show Bars

Showe channel 59

Figure 33 - Prdfile graph pop-up menu
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X—axis variable can be selected either in distance [mm], or in number of
measurement channels.

Velocity display scale changes y -axis scale without changing UV P parameters.
Thisis adisplay-graphics operation only.

Smoothing type — average or median. Smoothing can be set up from 0 (no
smoothing) to +/- 99. Realistic smoothing values will be most probably under
10.

Exclude Zeros, Exclude Negative, Exclude Positive. These options show in pop-
up menu ONLY when non-zero smoothing value is set. For zero smoothing,
they are hidden. Checking these options excludes selected values from
averaging operations made i nside smoothing.

Show Bars. When checked, fills abar to each data point, see Figure 34.

Show channel... If you point a mouse pointer on a certain measured channel
and click the right mouse button, the number of appropriate channel appears
then in pop-up menu. Click thisitem, and software will open awindow with time
series graph (i.e. history) of the selected channel.

IS\ Profile 290 graph (2.03 s) I =1 S
elocity [mm/s]
BOOff == == === == === == === = f === m e p e peeeoooo - Fo--
L T/ T S Po--ooooe- 'r—-—
“WA"VM
200 ‘.————
LT
g
a v i v i v i
B Ll e e el At etttk it it
| - S S S —
T E— —— — — — —
0 20 40 &0 a0 100 120
Smaoothing +/-1 Channel

Figure 34 — Prdfile graph with bars

5.3.3 Time series graph

Time series graph shows velocity time series (history) in a selected spatial point
(channel) or in several selected points (channels). Thisis also one of the most
significant windows in the UV P software. During data acquisition, it displays
velocity time series up to the last measurement on-line, and during off-line data
analysisit displays saved velocity time seriesin selected point(s).
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Note:

Time series graph - |O] x|

elocity [mm/s] p=453 . v=151.9 mm/s

1 1

1 1
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Smoothing +/-0 Profile

Figure 35 - Time serieswindow (with multiple sdection)

The number of displayed channel(s) isindicated in the right part of window,
together with the matching line color (in the example above, Channels# 57 and 71
are displayed).

Thewindow worksin two modes of series selection: Single selection and Multiple
selection.

Multiple selection mode all ows several time series from different measurement
channels to be displayed simultaneously, asin Figure 35. Selection isthen
controlled by check boxes at the left side of the window. Any number of series
can be selected for simultaneous display. Selection can be deleted by clicking
right mouse button into check boxes and clicking ‘ Clear All’.

Single selection mode displays only single series, but alows for fast change and
sequential scrolling through channels by a‘ Channel’ spin box in alower Tool bar.

J S moathing +.-"-|EI _I? |J Channel |E3 _I?

Figure 36 - Time seriestool bar

Selection between modes can be made from context -sensitive pop-up menu, or
from Options...

When no Channel is selected, no graph plot shows.

Context -sensitive pop-up menu (click right mouse-button) contains several items:
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Copy az Bitrmap
Copy az Vector

Print... Ctrl+F
Print Prexiew

¥, awiz variable
Welocity display zcale
Smoothing tupe
Seriez zelection

v vy v v

Clear All

Show profile 434

Optionz...

Figure 37 - Time series graph pop-up menu
X—axisvariable can be selected either in time scale[s], or in profile number.

Vdocity display scale changes y -axis scale without changing UV P parameters.
Thisisadisplay-graphics operation only.

Smocthing type— Average or Median. Smoothing can be set up from 0 (no
smoothing) to +/- 99. Realistic smoothing values will be most probably under
10.

Series sdection can toggl e between single and multiple selections.
Clear All —deletes all channel selections (in multiple selection mode only).

Show prdfile... If you point a mouse pointer on a certain measured profile and
click the right mouse button, the number of appropriate profile appearsthen in
pop-up menu. Click thisitem, and software will open awindow with profile
graph of the selected profile.

Smoothing can be applied to time series as well.

To Time series window following options apply, see Figure 38.

Smoothing +/~ 1 =
MNurnber of profiles shown during measurement: 500 =

W Enable multiple series selection

Selected channels: 0 -

D = S w w RS B . B R PR [

Clear all
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Figure 38 - Time series options
Smoathing sets the same variable as Smoothing in the Toolbar.

Nurmber of profiles shown during measurement sets how many profiles are
displayed in the Time series window during data acquisition.

NOTE: When saved fileisreviewed, the set value isignored and window
displaysfull length of time series graph, no matter how many profiles are
included in reviewed file.

Enable multiple series selection check box has the same function as Series
selection item in pop-up menu. Channels can then be selected either in
Options... dialog, or directly in the Time series window.

Clear All button clears all checked boxes of multiple selection.

5.3.4 Color graph window

Color graph window enables quick overview of the entire datafile. Each profileis
represented by vertical linein the graph. It uses color-coding to display velocity in
profile.

During data acquisition, the window is not active. During off-line data analysis, it
displays saved velocity profilesin the wholefile. An example of color graph
display is on Figure 39.

llll] Color graph

Distance [mm] e B e

0 100 200 300 400 500

Profile

Figure 39 - Color graph window
Color scale used for velocity coding is depicted on the right side of the window.
Color graph window can be zoomed.

Color graph window always depicts the whole file, whatever number of profilesin
thefile. Thisis advantageous with large files, which otherwise would have to be
scrolled.

Color series window does not have any controlsin the lower Tool bar.

Context-sensitive pop-up menu (click right mouse-button) contains several items:
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Copy az Bitrmap
Copy as Vector

Print.... Chil+F
Print Prexiew

# awiz variable r
T awiz wariable r
Welocity dizplay scale 3

Show profile 120
Show channel 91

Optiohz...

Figure 40 - Color graph pop-up menu
X—axis variable can be selected either in time scale [9], or in profile number.
Y—axisvariable can be displayed either in distance [mm] or in channel number.

Velocity display scale changes color scale without changing UV P parameters.
Selecting higher number on display scale makes color-coding more ‘ dense’.
Thisis especially useful where small near-zero velocities are measured.
Changing display scaleis adisplay-graphics operation only.

Show profile... If you point amouse pointer on a certain measured profile and
click the right mouse button, the number of appropriate profile appearsthenin
pop-up menu. Click thisitem, and software will open awindow with profile
graph of the selected profile.

Show channel... If you point amouse pointer on a certain measured channel
and click the right mouse button, the number of appropriate channel appears
then in pop-up menu. Click thisitem, and software will open awindow with time
series of the selected channel.

Mfprof file type can contain practically unlimited number of measured profiles, and
color graph always displays the whole file. Thisiswhy color graph window does
not depict every single profile, but averages the map and replacesit by a
reasonable number of points. If datafile contains smaller number of profiles, data
for display areinterpolated. Number of displayed points can be selected in
Options... With largefiles, possible recalculation of all data can take sometime. To
cut down thistime (especially when older slower computer is used), itisalso
possible to choose number of displayed color levels. Since software cal culates
levels of constant velocity across the complete file, decreasing number of color
levels significantly speeds up the calculation. Select number of levels prudently.

To Color graph window following options apply, see Figure 41.

Grid size ¥ | _|::‘ v |:32 _l?
Mumber of color levels: |32 _I?

Figure 41 - Color graph options

Grid size sets calculation grid for color graph interpolation, separately for x and
y direction.

Software 5.19




5.3.5 Profile table

Number of color levels sets number of calculated color levels.

Color palette. Four different color palettes are available.

Thefirst palette contains all colorsandis‘linear’. Second pal ette contains only
different shades of red and blue, and it is very well suited for enhancing flow
field sign. The third palette also includes all colors but has black linein zero
velocity, and is very well suited for displaying zero velocity borders. Finally,
yet importantly, the fourth palette is black-and-white only, and is suitable for
printing color graphs on B/W printers.

Thisisthe numeric representation of profile graph. Single profile velocity co-
ordinates are displayed here.

Profile 356 table [4.984 =] _ O] x|
u] 1 2 3 4 3 G T 5] g

1] 0.0 253 a06 a7 8 217 108 161 -350.5| -3758| -3902
10 -3866| -379.4| -3 6| -383.0( -3469( 3241 -357.7 | -364.9| -3656| -3258
200 -3396| -3324| -30FA | 2035 3074 | 2063 2433 -3dEQ| J3F22| -3FSE
a0 -3s05| 3252 -0y | 2288 3469 3505 -35TF| 3830 -3EYT| -H44
400 -3505| -3505 -3460( 2288 -3035( 3288 -3035) 3035 2854 -2 8
S0 -3 6 e . -3285| -3 E| -3505( 3360 -53Y58| -3066
BOY -401.1 . R -411.9| 4119 4225 4085| -3469| -336.0
Oy -3505) -343.3)| -3252| -3396| -32868) 32848 -3144| -307| 3035 -3035

SOf -2eY4| -2E3E| 2854 | 2424 2385 4954 048] A33F| 12290 B4

an 36 oo 0.0 oo 36 0.0 oo 0.0 0.0 3B
100 0.0 oo 26 T2 0.0 3641 217 7.2 145 36
110 JE| -89 -233 -T2 -T2 T2 325 3641 253 2548
120 108 a7 .G 217 151 217 -4Fo| -39F] -434

Figure42 - Prdfiletable

To make table more transparent, positive velocity values are printed in red fonts,
and negative velocity valuesin blue fonts. Zeros are red.

Profile table can be copied to Excel via Clipboard. Only highlighted parts are
copied. To highlight ablock, click by mouse to its upper left corner, and draw
rectangle. Rectangleis being highlighted ‘on thefly’.

Profile and Block (if blocks are used) selections are controlled by two spin boxes
on alower Toolbar, see Figure 43.

|4 » —— |JPrnfiIe|359 =1 Blook [0 =

Figure 43 - Prdfile table tool bar

Profile table can also be run as amovie, in both directions, see controls on the
lower Toolbar.
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Profile table columns width can be resized by mo use dragging, similarly asisthe
case in Excel. Put pointer between column headers. Pointer will change to double
arrow. Click mouse button and drag to increase/ decrease column width.

Profile table has only very basic context -sensitive menu (Print, Print Preview,
Select All, Copy).
Profile table does not have any Options.

5.3.6 Average and Statistics graph

Thisisavery powerful window with five tabs: Average, Variance, Skewness,
Kurtosis, and Table.

For theory basics and definitions, see Turbulent statistics basics, Page 8.1

All four graphics tabs use common x—co-ordinates and options, see Figure 44.

Calzulate from
= all profiles

% Cument block [T Megative ¥ RS
[~ Positive

Exclude Diraw
i V¥ Awerage

Figure 44 - Average and statistics options

All of these options are also in context -sensitive pop-up menu, Figure 45.

LCopy az Bitmap
Copy az Vector

Prirt... Chrl+P
Frint Prewigw

Exclude Zeros
Exclude Megative
Exclude Pogitive

Average from All Profiles
*  Ayerage from Current Block

v Draw Average

v [Draw BkS
= awiz vaniable k
Welocity display scale k

Show channel 51

Options. ..

Figure45 - Average and RMS pop-up menu

Calculate from. Average and statistics can be calculated either from a current
block, or from the whole datafile.

Exdude Certain values of velocities can be excluded from calculation. Usually it
is practical to exclude zeros, since channels with no value measured are
displayed with zero value.
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Draw. It is possible to select drawing of Average only, RMS only, or both.
X—axis variable can again be expressed in distance [mm] or channel.

Vdocity display scale changes y -axis scale without changing UV P parameters.
Thisisadisplay-graphics operation only.

Show channd... If you point a mouse pointer on a certain measured channel and
click the right mouse button, the number of appropriate channel appears thenin
pop-up menu. Click thisitem, and software will open awindow with time series
of the selected channel.

Averagegraph

The graph plots average profile value and RMS value for the current block or for
thewholefile, see Figure 46.

al Average and statistics =] B2
Average |'V'arianu:e| Skewnessl Kurtnsisl T able |

Welocity [rm/s] ch=E2 , ¥=275.8 mm/s
e
S R N SN S SO

el A
-2004 - - i i iy E --------- - -
S s AN IO USO8
0 20 40 &0 a0 100 120
Chanrel

Figure 46 - Average and RMSgraph
Variance, Skewness and Kurtosis

These are second, third, and fourth statistical moments. Their respective graphs
tabsare similar in handling.

&M Average and statistics _ O] x|
fverage  Varance |Skewness| Kurtnsisl Tahle |
Wariance [mm2/s2] | _ chel va2TIEM mm2/2 |
VS S S S
% T N S N SN S
N —
20000t - - § - - - - - bomneee b bonen s b oo e
10000} - - ———————— ------- T
: a 20 40 B0 a0 100 120
Chanrel

Figure 47 - Variance graph
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Variance, skewness, and kurtosis use auto-scaling of the y—axis, and thisis why
they do not have the possibility to change vertical display scale.

Physical meaning of statistical values aboveisasfollows:;

Average. First statistical moment, also called ‘modus’. Average indicates the mean
value of measured velocity points.

Varianceis ameasure of distribution ‘width’. The higher the variance, the wider the
distributionis.

Skewnessis ameasure of asymmetry of distribution. Since variables arein the third
power, skewness can reach both positive and negative values.

If S=0, distribution is symmetrical.

For S<0, velocity distribution is‘ skewed' to the left (the larger tail of adistribution
ison the left), to lower velocity values.

For S>0, velocity distribution is* skewed' to theright (the larger tail of a
distribution is on theright), to higher velocity values.

Kurtosisis always positive (variablesin fourth power). Kurtosis shows if
distribution isflatter on top of distribution (as e.g. top-hat distribution), or if it has
narrower peak. Comparable Gaussian (Normal) distribution has kurtosis (flatness)
value K=3.

Note: Variance, skewness and kurtosisunitsare NOT in [rmVs] asisthe case of average, but are
normalized.

Table

Tablelistsall measured and calculated values, displayed in the Average and
Statistics window, plus ‘Valid samples[%)]’. Valid samples column indicates
possible elimination of databy ‘ Exclude Zeros', ‘ Exclude Positive’ and ‘ Exclude
Negative' values. When no data are excluded, Valid Samplesis 100%.

Ch |Distance Distance Average s Variance |Skewmess|Furtosis| Walid
*oos sauples
[mm] [mm] [mm/s] | [mmfs] | [mme/=s2] [%]

Figure 48 — Average and Satigticstable

Valid samplesis avery useful measure of how many data have been eliminated from
calculation, and indirectly also represents an indicator of UVP signal quality. Since
UV P hardware replaced non-measured points by zeros, the number of zerosin the
resulting file isagood measure of signal quality.

To evaluate signal quality, click ‘Exclude Zeros' in pop-up menu or Options... The
closer the Valid samples value isto 100%, the better was the signal.
5.3.7 Velocity histogram graph

Velocity histogram graph displays histogram of velocitiesin a selected channel.
Thiswindow is not active during data acquisition.
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Figure 49 - Ve ocity hiogram graph window

In window title bar, the displayed channel number is displayed. Once the cursor
getsinto the profile window, it changesinto an active ‘ cross-hair’ and its co-
ordinates are displayed on top of the window. This enablesto precisely measure
co-ordinates (velocity and probability of the velocity in agiven block or file) of
any selected point.

The velocity histogram window is controlled by two controls on atool bar.

J Elacklﬂ _Ij |J Channel |59 _,?

Figure 50 - Vel ocity histogramtool bar

A desired channel is selected by a‘Channel’ spin box, eventually by ‘Block’ spin
box, if more than single block of datais used (thisis aways the case with multi-
transducer file).

Context -sensitive pop-up menu (click right mouse-button) contains several items:

LCopy az Bitmap
Copy az Vector

Print... Chil+P
Print Prexyiew

Exclude Zeroz
Exclude Megative
Exclude Positive

Histogram from &l Profiles
* Hiztogram fram Current Block.

Options. ..

Figure 51 - Ve ocity histogram graph pop-up menu

These are standard graphics items Copy and Print, plus selection between Calculate
from Current Block, or Calculate from All Profiles.
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Unwanted values can be excluded from histogram by clicking Exclude Zeros, Exclude
Negative and Exclude Positive(values). Since UV P hardware replaces non-existent
measurement points by zeros, it istherefore possible to cal culate histograms from
correctly measured points only.

Options for Velocity histogram window contains Current block/ All profiles selection,
and Number of intervals selection.

Calzulate from Exclude
|7rh All profiles [ Zems

[~ Megative
[~ Positive

Mumnber of intervals: I32 _|j

Figure 52 - Ve ocity histogram options

Number of intervals can be selected from 2 to 1024; however, it is not suggested to
select too high number if datafileis not sufficiently large. Smaller number of data
would be scattered into too many intervals. For the beginning, 64 intervals might
do for most files.

5.3.8 Period Enhancement (Time) graph

Many eventsin hydraulics have periodical character. Thisincludes piston pumps,
repeated opening and closing of valve, slowly rotating large mixers and other
events. Thisiswhy UVP Monitor allows for phase averaging and resulting
enhancement of periodic events.

Two graphics windows handle period enhancement. Both show the same effect
and calculate the same data, but the first shows results as period-enhanced time
seriesfor a selected channel, and the second shows results as period-enhanced
profilesfor a selected phase.

Period enhancement (time) graph example is shown on Figure 53.

1! Period enhancement [time] of channel 0 _ O]
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Figure 53 — Period enhancement (time)

Period enhancement is controlled by the following controls (Figure 54):

JBIcu:kIU _Ij |J Offzet |135 :II Perind |54 :II E_I,Ju:leslm :ll H EhanmellEI _lj

Figure 54 — Period enhancement (time) tool bar
. Block spin box isused for block selection only when more blocksis used.

. Offset selects the first profile where period enhancement begins. Profiles
before the set Offset are not taken into account.

. Period setsthe length of periodic event in number of profiles.
. Cycles controls the number of phase-averaged periods.

. Channel number selects the period-enhanced channel.

cycles
1 2 3

file start /-\ /-\
| | >

profiles

offset period

Figure 55 — Explanation of Offset, Period, Cycles

Offset can reach any value from 0 to the last file profile. Sincethereisonly alimited
number of profilesremaining for phase averaging, the product of Period and Cycle
must always be less than number of remaining profiles. Thisis checked
automatically by the software.

The pop-up menu belonging to the Period enhancement (time) is on Figure 56.
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LCopy az Bitmap
Copy az Vector

Prirt. .. Chrl+P
Print Presiew

Exclude Zeros
Exclude Megative
Exclude Pozitive

Average from All Profiles
*  Awerage from Current Block

v [raw Average

v [raw RS
¥ axis variable »
Welocity dizplay zcale 4

Show period enhancement profile with phaze=14

Dptions...

Figure 56 — Period Enhancement (time) pop-up menu
The menu contains standard items, plus some window-specific items:

- Draw Average/ Draw RMS controlsif average and/or RMS values are drawn
(similar to Average window).

- Show period-enhanced profile with phase = nn, where nn is profile number
calculated from beginning of period (not from beginning of file!). The nn
value can only reach the value of period length.

The Options... for the window are shown on Figure 57.

Calculate from Exclude Drraw

Al profiles [T Zeros ¥ Average

" Curentblock | | [~ Negative || ¥ EMS
[T Positive

Elffset|135 _l: Pe;igd|54 j Cycles I'”:I ﬁ

Figure 57 — Period enhancement (time) options

The Optionsinclude similar items as the pop-up menu.

5.3.9 Period Enhancement (Profile)

For explanation of window function, see Period enhancement (time). The Period
enhancement (profile) only showstheresults asif ‘ viewed from the other side of
thefictional 3D profile—channel — velocity diagram’. Resulting curves of this
window are phase-averaged profiles.
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Figure 58 - Period enhancement (profile) window

Thewindow is controlled by the following controls (Figure 59):
JBIcu:kIEI _lj H Offzet |135 :ll Perind|54 :II E_I,Ju:leslm :II |J F'haselIj _Ij

Figure 59 — Period enhancement (profile) controls

All terms Offset, Period, Cycles have the same meaning, but instead of Channel
selection, asin Period enhancement (time), the selection of displayed profileis
made by Phase selection (phase is expressed in profile number from the beginning
of period).

Both pop-up menu and Options... are amost identical to Period enhancement
(time).

5.3.10 How to set up Period Enhancement parameters

In the following example, file‘ Cyclic.mfprof’ isused.

First, look at the Color graph file, which will give you a‘panoramic’ view on the
file
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ll|Color graph

Chanmel p=171. ch=F3, v=53.5 mm/z

1] 200 400 G000 200 1000
Prafile

Figure 60— Color graph of periodic flow

Y ou can see that the fow is periodic, but the beginning of file (Ieft part of the
graph) does not show any periodicity. By pointing by mouse to the beginning of
periodicity, establish the profile where periodicity begins (approximately Profile 170
inour case). Thiswill be the Offset.

Open the Period Enhancement (Time) window. Set up the Offset (to 170 in our
example).

Now it is necessary to establish Period length. Two methods can be used:

(a) Move cursor over several periodicitiesin Color graph, and by reading
periodicity length from cursor co-ordinates establish Period length. Use more
periods for more precise measurement.

(b) Use Power Spectrum window to establish the periodicity. Thefirst large peak
from left shows frequency belonging to the basic period. Place cursor to the peak
(zoom into peak if necessary) and read periodicity on top of the window.

Set up the measured value into Period control.

Now select number of Cycles, which you want to use for period enhancement. Use
at least two periods (moreis better if you have sufficient file length available). On
Period enhancement (time) graph an enhanced periodicity should show.

For periodicity setting up, use some channel from the center of measurement
window (say, Channel 50). Marginal channels can be sometimes misleading.

Now try to fine-tune the Period. Click Period plus/ minus one or two profiles and
observe the RM S drawn on the graph. The smaller the RM S, the better the used
Period estimation. Use the Period value with the smallest indicated RMS. The
Power spectra-measured periodicity and RM S-optimized periodicity should not
differ by more than one profile.

Now after the parameters are correctly set up, you can view, print or export period-
enhanced time series for different channels (selected by Channel control).

Period Enhancement (Profile) is set up in the same way. First set up Period
Enhancement (Time), and then open Period Enhancement (Profile) window for the
same parameters. List through period-enhanced profiles by changing the Phase
controls (phase is expressed in profiles).
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5.3.11 Flow rate window

Sometimes UV P Monitor can be used as aflowmeter. Thisisin situations when
flow through channel or pipe has such geometry that from measurement of asingle
profile the total throughflow can be anticipated.

Two geometries are supported in the software: wide rectangular (parallel) channel
and circular channel (pipe) fully filled with water.

Y Parallel flow rate =] 3
Farallel flow rate [mmzds] p=44Z . Fr=-92840 mm2/s
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Profile

Figure 61 — Flow rate window
Several parameters must be set up before measurement:

- Typeof channd (Parallel or Circular). Thisisset up either from pop-up menu,
or from Options...

- Transducer angle. Thisis set up in Edit | Edit Angle...

- Firg and Last channdl. Some of the measurement channels at beginning and
end of measuring profile need not be valid. Thisiswhy these parameters
can be eliminated from calculation by setting up the First channel andthe
Last channel, which come into cal cul ation, from the Tool bar or from
Options...

JFirstchannellm E Last c:i‘uanr‘uell12|j _lj

Figure 62 — Flowrate toolbar
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Figure 63 — Flow rate pop-up menu

Flaw rate type

First channel I'IEI _I?
Last channel |12EI _I?

" Circular

Figure 64 — Flow rate Options

Flow Rate isanice feature but should be used with caution. Always be careful
when estimating 3D throughflow from a single measured profile! The following
conditions should be met during its use:

Paralle flow rate

Calculation expects two-dimensional flow in wide rectangular channel with no
sidewall boundary layer. This condition isfulfilled in wide channelsonly. Other
condition is constant water level during measurement. Since Parallel flow rateis
calculated per channel unit width, do not forget to multiply calculated throughflow
by channel width in [mm] to receive throughflow. Slight changes of channel width
can also be used for throughflow calibration with independent external flowmeter.

Circular flow rate

Pipe diameter is calculated from oblique length between First channel and Last
channel, with consideration of transducer angle. Calculation expects full circular
pipe and axisymetrical flow. Good axisymmetrical flow distribution can only be
found on straight pipe sections, which are distant from bends (say, 10 pipe
diameters). If flow is changing sign, the condition should also be fulfilled
downstream. This makes the measurement section rather long (20 diameters).

For formulas calculating the flow rate, see Appendix 13, Page 13.1.

Always remember that, due to hydraulic conditions above, throughflow
measurement results are more or less precise estimates of real 3D flow, made from
single profile measurement.

M ore precise measurement of throughflow can be achieved with use of more
transducers and flow-mapping feature.
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5.3.12 Autocorrelation window

Auto-correlation finds relations between different parts of the same time series.
Practically this means finding periodicity in certain time series. For more details on
theory of Autocorrelation, please look at Section 8.3.1 of this User’s Guide.

Figure 65 shows an example of autocorrelation function indicating strong
periodicity. Reader can view acolor diagram of the used file on Figure 60 (file
‘Cyclic.mfprof’).

;™ A uto-comelation of channel 50 N =]
Correlation 0=54 _ c=0.825
T T T
05H---—-1--- IR TR ) i R E N A —
0.0 ! i i i
DE\;V" "'U"" i et T T
-1 I:I 1 1 1 1 1
1] 100 200 300 400 B00
Profile offzet

Figure 65— Autocorrdation of channe with strong periodicity
Note that the graph shows that for t =0, Rxx(d =1, asdefined in Section 8.3.1.

Periodicity of autocorrelation function and autocorrel ation value can be measured
by cursor, see co-ordinates above the graph.

Autocorrelation graph is auto-scaled. Since maximum possible offset (t ) ishalf of
filelength, x-axisis aways one half of file length, whether expressed in [number of
profiles], or in [mm].

Autocorrelation does not have any parameters to set, except Channel number.

J Blacklﬂ _Ij | J Channel IE':I _%

Figure 66 — Autocorrelation toolbar

Pop-up menu and Options also include standard items only.

5.3.13 Cross-correlation window

Cross-correlation finds rel ations between different measurement channels.
Practically this means finding how flow in one channel isinfluenced by eventsin
other channel. For more details on theory of cross-correlation, please look at
Section 8.3.2 of thisUser’s Guide.

532

UVP-DUO Monitor User’s Guide




Figure 67 shows an example of cross-correlation function indicating strong
influence of one channel on another channel. (Actually, this graph has been taken

from UVP Emulator.)
ii™ Cross-correlation of channels 20 and 50 =] E3
Correlation 0=57 . c=-0.970
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Figure 67 — Cross-correlation window

Note that cross-correlation function is not even, and can have any value at zero
point. Cross-correlation function offset can be both positive and negative, each
maximum hdf of filelength.

When calculating cross-correlation function, it is necessary to select two
channelss, which are then cross-correlated. One of themiscalled a‘pivot’ channel.
Both channels are selected from tool bar.

J BlDCkID _,? |J I:hannell2EI _,? H PiVDtIED _Ij

Figure 68 — Cross-correation toolbar

Pop-up menu and Options... include standard Copy/Print items only.

5.3.14 Power spectra window

A power spectrum is an important indicator of state of the flow. Basics of power
spectratheory can be found in Section 8.4, Page 8.4.

Power spectrawindow displays results of turbulent power spectraanalysis. An
example of power spectrawindow is depicted on Figure 69.
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Figure 69 — Power spectrumwindow

Power spectra x-axis can be expressed either in profile units, or in time units [s].
Changing of x-axis description also changes representation of cursor co-ordinates
above graph.

Upper power spectrarange islimited by profile sampling frequency. To achieve
higher frequency, set up UVP parameters for fast measurement (small

# of repetitions, small Maximum degth).

Lower spectrarange is limited by length of record. For lower limit, acquire long
datafiles. Use 2" profilelength (1024 and longer) for efficient Fourier transform
and spectra calculation.

For shorter datafiles, windowing is necessary. Version 3 Software provides for
several windowing functions, for their definitions see Section 8.4.

Generally, Gaussian windowing function is a safe bet.

Power spectrawindow does not have any parametersto select, just Channel
number from Tool bar, and windowing function from pop-up menu or options.

LCopy az Bitmap
Copy as Vector

Prirt.... Chrl+P
Frift Presiew

Spectrurn from Al Profiles
*  Spectrum from Current Block

Mo it o

H anting YWindaw

H arnming windaw
*  Gaussian Window

Triangle “Windaw

¥ aviz variable r

Options...

Figure 70 — Power spectra pop-up menu
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Power spectra pop-up menu items are standard, with exception of windowing
functions.

Power spectra Options... have similar items as pop-up menu.

5.4 Test measurement

Up to this point, the User’ s Guide has been describing analysis of existing UVP
datafiles. Now it istime to acquire some new data. Software Version 3 allowsfor
two modes of operation with active transducer:

- Testing of operation and measurement parameters (no data saving)
- Dataacquisition (measured data are saved into file).

This Section handles the first item.

5.4.1 Setting of instrument address

Since UVP-DUO hardware is controlled from remote computer, UV P software
communicates with UVP-DUO hardware by way of TCP/IP protocol. Thisiswhy it
isnecessary to set up TCP/IP addresses first.

Before starting the set-up procedure, make sure that UV P-DUO and the host
computer are connected by null-modem (lap link) cable.

The host computer also has to have its Ethernet card/adapter activated and its
TCP/IP address set. This procedureis different for each operating system, and is
briefly described in an Appendix 15. Before starting to set up connection with
UVP/DUO, check that this host computer addressis set.

Warning

The host computer can also be operated within alocal network, it can use more
than one Ethernet cards, or even more complex setup. I n such case, do not
attempt to change these settings, and consult your Network Manager. Changing
computer’s TCP/I P address can have disastrous effect on network operation.

To set up an UVP-DUO TCP/IP address, proceed as follows:
From main menu, click Measurement | Instrument address. ..
The following Instrument connection settings dial og appears, see Figure 71.

Instrument Address

ok,

= Local instrurnent

Cancel

Fet)

TCRAP address: |192.162.0.10 Adwvanced...

Figure 71 — Instrument connection settings dialog

Click ‘Remoteinstrument’ radio button. (Software Version 3 operates as*Local
ingrument’ only when being operated as an upgrade on older UV P-XW model.)
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Now click the ‘ Advanced...” button. The following dialog appears, see Figure 72:

Advanced Instrument Setti

X
IP addrezs: Bl |
|192.1EB.EI.1EI
Save.. |
Subnet magk:
|255.255.255.n Clase |
Gateway
|1E|2.1EB.EI.1E

Figure 72 — Advanced instruments setting dialog

UVP-DUO comes with a TCP/IP address already preset (see alsoFigure 72). To
read the UVP-DUO address, click ‘Read...". Version 3 will then read the actual
TCP/IP addresses from UVP-DUO, and display them in the dial og.

Warning

These addresses can also be edited (e.g. by Network Manager...). Do not try to
edit TCP/IP addressesif you are not sure what you are doing.

Before reading addresses, it is necessary to select a Comm port:

choose Comm Po x|

Communication port: Im "I
Ok I Cancel |

Figure 73— Choose Comm port dialog

Choose the suitable COM port, where the null-modem (Iap link) cableis connected,
and click <OK>.

When TCP/IP addresses are satisfactorily set, click ‘ Save...". Software will then
save the TCP/I P addresses within the host computer.

Thiswill return you to the Instrument connection settings dial og.Finalize setting
by clicking <OK>.

5.4.2 Setting up Test measurement parameters

Test measurement isinitiated from main menu by selecting Measurement | Test

measurement parameters, or click the Test measurement parametersicon 4 ona
Tool bar. (Theiconremindsof ‘Play’ icon on voice and video recorders.) A
wizard-style dialog opens.
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All test measurement parameters are set from a single dialog, depicted on Figure

74.
Measurement parameters
—Medium———— — Maximum depth and velocity rahge— —oltage & Echo gain
Sound speed [mds]; [ 1420 M aximum depth [mm]; |209.98 =i Yoltage: |15UV "I
—Gimel \-"a:-ti.s range [mmys]: _ Gain start: I? _lj
Frequency: |4 bHz vl width B3z —1 | | Gain end Ig _Ij
= fi -t:|-32E,32E 'I
# of cycles: |4 = e .
Trigger: INnne 'I
Charmel width:  |0.74 Vstep [mm/s] II:I'I:":IEE‘5
# of repetitions: |32 _Ij —Wwindow
_ . Start [rmm]: I'I . _l;' End [mm]: |2D5-'I B _Ij
Moise filker: I? _Ij
# of channels: 128 =
Default b =
M Channel distance 148 = Dverlap: INDnB
Measurement window
Tranzducer 1111 | b amimumm depth
Cancel | Help
Figure 74 — Test parameters window — Measurement parameterstab
Note: For relations between measurement parameters, see Section 3.1, Page 3.1.

There are several groups of parametersin the dialog.
Medium group consist of asingleitem:

- Sound speed. Asfar as the UV P measurement is concerned, the sound
velocity isthe parameter that identifies the type of fluid. Althoughin
general the sound velocity depends on density, temperature, etc., an
appropriate single value has to be supplied. Thisisa fundamental number for
the UVP becauseit is used to compute the values of other parameters. For fresh
water enter 1,480 m/sif no more specific valueis known.

Signal group consists of following items:

- Frequency. Here atransducer working frequency is set. Select between 0.5, 1,
2, 4, or 8 MHz, corresponding to transducer and hardware version used.

. #of cydes. The more working cycles (number of wavelengths in the emitted
burst) are emitted within asingle pulse, the better the echo signal, but the
wider the channel width.

. Channd width. Thisis a calculated parameter. It depends on Sound speed,
Freguency and Number of cycles. If Channd width exceeds Channd distance,
Overlap occurs and isindicated in the (measurement) Window section.
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- #of repdtitions. Thisis anumber of repeated pings (pulses) donefor asingle
valid profile measurement.

- Noisefilter. The higher the number set, the higher isthe signal recognition
level. Setting up Noisefilter too low can result in more error measurements.
Setting up Noisefilter too high can result in missing measurement points.

Warning

The selected US frequency must fully comply with the working frequency of an
ultrasonic transducer(s) used for the measurement! Otherwise, wrong operation
or even damage to instrument might result.

Trigger list box sets up trigger mode. Normally no trigger is used and data
acquisition starts by clicking dialog <Next> and <M easure> button, and after UVP
getsready. Since before data acquisition UV P hardware executes testing, this
might take several seconds. In order to start profile acquisition in response to a
triggering signal, Trigger mu st be set to either Manual (from display or keyboard) or
to Pogtive or Negative(external trigger TTL signal (0-5V/ min. 20 ns) from BNC
connector at the back plate of UVP-DUO). To prepare then the UV P to accept a
trigger signal, click <Measure> button. Finally, profile acquisition begins when the
trigger signal isreceived. In Manual mode, asmall dialog is opened (see Figure
75), and data acquisition starts either by clicking <OK> or by pressing any key on
the keyboard.

M anual trigger

Press 'Start' button to start data reading

Cancel |

Figure 75— Manual Sart dialog

Maximum depth and velocity range section sets up maximum measurable depth
(and indirectly interval between US pulses) and velocity range.

- Maximum measurable depth [ mm)]. The maximum depth is directly related to the
pul se repetition frequency of the ultrasound burst. The measurement
window must lie between the top surface of the transducer and the
maximum depth. The longer the maximum measurable depth, the lower the
maximum messurabl e transducer on-axis velocity. This parameter can be
varied in accordance with measurement requirements as well asthe flow
configuration.

- Vdocity range [mm/g displays the maximum measurable velocity. Thisis
directly related to Maximum measurable depth, and only one of these
parameters can be set up independently. For further details, see Maximum
depth and Maximum velocity, Paragraph 3.1.6, Page 3.7. For higher velocity
range, select lower US Doppler frequency transducers.

Velocity range can be either symmetrically spread around zero velocity, or
from zero to positive, or from zero to negative. Nevertheless, the total
range remains the same. Select the option you prefer from alist box.
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- Vatep [mmYg] is the maximum velocity resolution, given by UVP-DUO bit
sampling. Thisisacalculated value.

M easurement window section controls parameters of measurement window.

- Sart[mm]. Distance between the active surface of atransducer, and
position of thefirst channel. This parameter is useful in positioning the
measurement window to avoid awall or disturbed region of flow (due, for
example, to the transducer).

. End[mm). iscalculated from Sartand Channe disance. Therefore, if
measurement window end is edited, Channel distance changes, and vice
versa.

. #of channds. Here there is agreat change in comparison with previous
software. Whilein ‘old” UVP-XW software the number of channels was
fixed to 128, in UVP-DUO software Version 3 the Number of channels can
be selected from 10 to 2048.

. Channd digtance [mm]. Distance between channels (i.e., two measurement
volume centres). Again, Channel distance can be either selected, or results
from selection of measurement window End and Number of channels.
Modifying Channel distance changes the End of the measurement
window.

- Overlap[%]. Thisisavalue calculated from Channel distance and pulse
length. It isthe ratio between the common overlapped volumes of two
adjacent measurement volumes, by one measurement volume.

M easurement window indicator bar is placed at the bottom of Test parameters tab.
On theleft side of indicator isthe active end of transducer, on theright sideisthe
M aximum measurabl e depth. Active measurement window isindicated by green
bar length. Since all the dialog re-calculates valuesin real time, transitionally bad
parameters can be set up (e.g. during editing of values). In such case, indicator
turnsred.

When user attempts to start measurement with non-valid parameters (by clicking
<Next> button), software displays warning with explanation and returns back into
the previous dialog. In thisway, it isimpossible to start measurement with non-
valid parameters.

Gain and Voltage group of parameters handles US transmission intensity and
receiver amplifier gain.

- USVoltage. US Emission voltage parameter sets the peak-to-peak voltage
applied to the transducer. The selection is 30-60-90-150V. The setting
for this parameter depends on the strength of the ultrasound attenuation,
and the concentration of reflectorsin the liquid, and needs adjustment to
give the best profile.

. Gain Start - gain at the beginning of reception period
. Gain End - gain at the end of reception period.
One unit corresponds to the value of 6 dB.

The factory default settings for RF gain are for water. 1n general, different types of
liquid have different ultrasonic attenuation coefficients. If the working fluid is not
water, it may be necessary to adjust the slope of the amplification gain distribution
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(exponential) so that an adequate echo signal isreceived. The slope of the
amplifier gain distribution is defined using the Start and End values.

Default parameters button. This button sets up a set of ‘reasonable’ parameters
for measurement in water. Its purposeisto get UVP measuring and displaying
some values.

Thefollowing parameters are set:

. Sound speed 1,480 m/s

. #of cycles 4

. #of repetitions 32

. V-axisrange symmetrical around zero
- Voltage 150V

. Gain start 7

. Gainend 9

. Sampling time minimum.

5.4.3 Data Acquisition - Setting up transducers and timing
After setting up measurement parameters, click <Next> button to proceed to Data

Acquisition dialog. The following dialog opens, see Figure 76.
Data Acquisition
& Minimum sampling time (21ms) " Specify sampling time [ms] ™ Read amplitude

Angle] 30
= Multiplexar #of cycles: Delay between cycles [ms]

I r

4 »

" Test single multiplexer transducer EI

< Back | Measure | Cancel | Help

Figure 76 — Test parameterswindow — Transducers tab
Thefollowing radio buttons and fields have to befilled or selected:

- Minimum sampling time or Specify sampling time [mg]. If Minimum sampling time
is selected, then software collects data‘ as fast asit can’. Please also note
that here the minimum sampling timeisindicated. Minimum sampling time
is dependent on sel ected measurement parameters (Sound speed,
Maximum depth, # of repetitions, # of [multiplexer] cycles).

Sometimesit is advantageous to collect data more slowly. In such case, it
is possible to specify sampling time [ms].
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- Read amplitude. This feature allows for reading and displaying Doppler echo
amplitude. Thisfeature partially replaced the use of oscilloscope for
monitoring Doppler echo. It is especially useful for recognition of
unwanted US reflections.

Note: In new software Version 3, sampling time has different, clear-cut, definition
when compared with old UVP-XW Release 2 software. Now ‘ sampling time’
means overall time distance between saved measurement profiles, whatever time
of measurement is.

I f sampling timeis 100 ms, then software collects 10 profiles per second.
I'tisalsoimpossibleto use shorter Sampling time than is measurement time,
since software checks for correct parameters.

. Sngletransducer. If single-transducer use isintended, select Sngle
transducer, and edit number of profiles acquired in asingle datafile. Itisa
good ideato acquire 2" profiles, since 2" makes an efficient Fourier
transform and therefore it makes efficient correlation and power spectrum.
Default file length of 1024 profilesis suggested.

- Multiplexer. If more than one transducer are used, click Multiplexer. When
using multiplexer, it is necessary to fill in the multiplexer table.

- Flow mapping. If this box is checked, software will be ready for flow mapping.
Some of angle definitions change meaning etc. For flow mapping details,
see Section 5.6, Flow mapping, Page 5.46.

. Angle[9]. Thisisthe same transducer-to-flow-normal angle as set in Edit |
Edit Angle menu.

- Test angle multiplexer transducer [number]. When setting up measurement, it is
useful to test asingle transducer in real time. Select the transducer you
want to observe from the list box.

5.4.4 Multiplexer table

Multiplexer table can be edited only when Multiplexer is selected. Multiplexer table
is depicted on Figure 77. Multiplexer tableis also printed in Measurement info
window and saved in datafile (only active transducers).

#ofcycles: |4 Delay between cycles [ms] [0

™ Elow mapping o

Use|Transducerf| Samples Angle [ ‘] Delay [ms]
1 Yes 2 Z96 10 8]
2 No 3 256 a0 z0
3 Yes 4 51z a0 30
4 Yes 3 256 20 40
5 Yes 3 51z 15 30
3

Figure 77 — Multiplexer table

Only one transducer can be active at any time. For each transducer, the following
data haveto befilled in:
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Bxanple

- Use[Yes— NoJ describes if atransducer will be used for data acquisition or
skipped. Toggle Y es/No by double-clicking by mouse.

- Transducer #isanumber of transducer, which is the same as transducer
connector number on multiplexer output.

. Sanples means number of profiles acquired by UV P during each sweep
through multiplexer table.

. Angle[9]. Thisisthe same transducer-to-flow-normal angle as set in Edit |
Edit Angle menu.

. Ddayistime delay (waiting time) between end of data acquisition from the
current transducer, and start of data acquisition from the next transducer.

. # of cydes defines how many times will software repeat its sweep through
entire transducer table.

. Deay between cydes[mg| defines delay (waiting time) between acquisition
cycles.

(seethe Figure 77 above) The following measurement sequenceis st up:

Shitch to Channd 2, execute profile measurement 256 times and then wait 10 ms. Then
switch to Channd 4 (Channd 3is not used!), execute profile measurement 512 times and
then wait 30 ms. Then switch to Channd 5, execute profile measurement 256 times and then
wait 40 ms. Then saitch to Channe 6, execute 512 measuements and then wait 50 ms. Then
return to the beginning of the cyde (then wait O ms), and gtart a new cyde. Repeate the whole
cyde4times

5.4.5 Test measurement execution

Note:

After setting up all parameters and data acquisition, click <Measure>. This starts
measurement execution.

During test run, measurement results can be viewed online, however, only the
following windows are available for on-line viewing: Measurement information,
Profile graph, Profile table, and Time series graph. Other windows are dimmed.

For single transducer, test measurement runsindefinitely, until stopped manually.
To stop the measurement, either from menu click Measurement | Stop
M easurement, or click the Stop icon u from Toolbar.

During each data acquisition, software gives higher priority to data acquisition,
and only during remaining time, it updates display. Thisiswhy, on slower
computers, display blinking can be visible. We therefore suggest having only
one or two active windows open during data acquisition.

No saving of datatakes place during test measurement.

5.5 Data saving

Once you have mastered test measurement, it is very easy to make full
measurement with data saving.

To initiate measurement from menu, click Measurement | Sart Measurement..., or

click the red Sarticon ® from Toolbar. (Theicon remindsthe ‘ Record’ symbol
from voice and video recorders.) The Measurement parameters wizard-style dialog
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5.5.1 File name

Exanple

opens. Only two things are different in full dataacquisition dialog: setting file
name, and editing measurement text notes.

File nameisentered in the Data Acquisition dialog. At bottom part of the dialog,
thereis an editing box for file name, with standard Browse... button and dialog,
see Figure 78.

Save to file  |C:%Program Files\UWVP 0w 3WData FileshT est3. mfprof Browse... |

Figure 78 — File name edit box

File name can be entered by hand, or selected from Browse... dialog. Software
Version 3 aso provides for automatic file naming. The following rules apply:

Default path and file name suggested in the Edit box isthe last open or created file
name, with anumber at the end of file name.

- If thereisno number at the end of file name, software adds anumber ‘1’.
- If thereisanumber at the end of file name, software incrementsit by *1'.

- If there was no previously opened file, software uses the last file displayed
in Filemenu.

- All created files have extension ‘mfprof’ (for Met-Flow Pr ofile File), whether
it is shown in the edit box, or not.

If thelast openfilewas‘ Test', then the next automatically named file will be‘ Test1'.
If thelast file namewas ‘ Test1’, then the next file name will be ‘ Test2'.

Please note that such file numbering system always places files into selected
folder, and that measurement sequence of filesis clearly recognizable. Filesdo not
have any time information in its name since they contain time information inside
thefile.

Format of filesisbinary. If export of datais desired, please use File| Export...
feature from the main menu.

5.5.2 Measurement text notes

M easurement notes can be added to each file. M easurement notes can be of
unlimited length. Measurement notes are saved with datafile.

More notes can be added any time later, and saved with file.

To edit Notes before measurement, click the <Notes...> button in the Measurement
Parametersdialog. The Notes dial og appears, see Figure 79:
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Motes |

Here customer notes to each created meazurement file can be entered. ;I
Motes are saved with data file.
These notes can alzo be edited later during data analyzis.

Cancel |

Figure 79 — Measurement notes

It is strongly suggested to provide rich comments and notes to measured data
files.

5.5.3 Measurement templates

The most probable measurement parameters for next file are measurement
parameters from previousfile.

This is why when opening Measurement parameters dial og, software Version 3 also
copies all measurement parameters (including Multiplexer table) from previously
opened file, or from previously opened Test measurement parameters.

Thisfeature allows for creation of unlimited number of measurement templates.
Any measurement file can actually be used as templ ate.

To use measurement template, just open adata file with desired measurement
parameters, click ‘Sart measurement’, and name the newly created file to its desired
name and path. All parameters of the former (template) file will be copied into the
new file, with the exception of Notes, of course.

5.5.4 Measurement execution

After all parameters are set (and possibly test measurement run), click <Measure>
from Data Acquisition dialog. Thiswill initiate measurement.

Y ou can always stop running measurement by clicking from menu Measurement |
Stop Measurement, or by clicking red icon Stop H from Toolbar.

M easurement can have practically unlimited number of profiles, nevertheless, keep
in mind that very long files can take alot of space on your hard disk.

A typical mfprof-type file with 128 channelsin profile and 1024 profiles takes
approximately 273 kB on hard disk, but can be zipped to 97 kB by external software.

If you intend longer time span measurement, specify longer Sample time between
measured profiles.

With 1 profile-per-second (Sample time = 1000 ms), 24-hour measurement only
takes 86,400 profiles, which corresponds to approximately 26.5 MB file size. Thisis
aquite manageablefile size.
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5.6 Flow mapping

5.6.1 What is flow mapping

Flow mapping means using multiple transducers for simultaneous measurement of
acomplete 2D flow field.

It is necessary to emphasize that flow mapping should be attempted only AFTER a
user gets VERY familiar with UV P technique and UVP Monitor instrument. If auser
has problems while handling single-profile measurement, it is not very likely that
he or she could handle field mapping with many transducers where problems
multiply and precision of measurement depends on the worst measured profile.

Although flow mapping is generally possible for three-dimensional spacefor 3
components of flow, it isusually practical to perform flow mapping in two-
dimensional planesonly. Thisiswhy software Version 3 provides calculations for
2D flow mapping only.

For 2D flow mapping, it is necessary to measure two velocity components at one
spatial point in order to form avector. Two velocity components are known at any
intersection of measuring lines of any two transducers.

A vector can be obtained from any two non-paralel components, however, it
should be noted that a small crossing angle causes large inaccuracy in direction
estimation. Best measuring results can be achieved with orthogonal (or nearly
orthogonal) measuring lines.

Warning:

It should be noted that measured vector component is an orthogonal projection
of a true vector into a measuring line. Reverse forming of a true vector from two
measured projectionsistherefore made by drawing two linesin end points of
measured projections, which are normal to each corresponding component
measuring line. The resulting vector end-point isformed by an intersection of
these normal lines, see Figure 80. Do not simply make a parallelogram of
measured vector components!

The situation of vector orthogonal decomposition is depicted on Figure 80.

Transducer 1

LT

~ Transducer 2 i

Figure 80— Vector orthogonal decomposition
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5.6.2 Setting up transducer grid table

In flow mapping, transducer position and timing are edited from the same Data
Acquisition dialog as normal multiplexer table.

# of cycles: |3 Delay between cycles [ms] {20000

W Flowmapping |~ Showtransducers

Use|Transducer§| Sawples [Azimuth [°]|X pos [ww]|Y¥ pos [mw] Valicl
1 Tes 1 0 a0 10 0 -
E Tes E 0 a0 &0 0
3 Tes 3 0 a0 100 0
4 Tes 4 0 a0 1E0 0
& Tes £ 0 a0 £00 0
& Tes & 0 0 u} 10 o
7 Tes 7 Z0 0 u} &0
2 Tes g Z0 0 u} lan _Iﬂ
1 | 3

Figure 81 — Flow mapping grid table

Once ‘ Flow mapping’ check box is checked (see Figure 81), for each transducer the
following data haveto befilled in:

- Use[Yes— NoJ describesif atransducer will be used for data acquisition or
skipped. Toggle Y es/No by double-clicking by mouse.

- Transducer #isanumber of transducer, which is the same as transducer
connector number on multiplexer output.

. Samples means number of profiles acquired by UV P during each sweep
through multiplexer table.

- Aamuth [9]. Describes direction of US beam transmission, in standard
‘mathematical’ way (0° azimuth = 3 o’ clock, positive azimuth increases
anticlockwise, negative azimuth increases clockwise. The software accepts
both positive and negative values of azimuth, up to +/- 360°, so users can
use any positive or negative value which is convenient to them.).

. Xpogtion [mm]. Transducer front face in Carthesian co-ordinates.
- Y pastion [mm]. Transducer front face in Carthesian co-ordinates.

- Valid from[mm)]. US beam is considered for crossing only in selected ‘valid’
length from-to certain limit. Thisisthe beginning of ‘valid’ length.

. Validto[mm]. US beam is considered for crossing only in selected ‘valid’
length from-to certain limit. Thisisthe end of ‘valid' length.

. Dday[ng] istime delay (waiting time) between end of data acquisition from
the current transducer, and start of data acquisition from the next
transducer.

. #of cydesdefines how many times will software repeat its sweep through
entire transducer table. Each cycle produces a separate flow map.

. Deay between cydes[mg] defines delay (waiting time) between acquisition
cycles.
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The transducer grid can be plotted on-line during editation, when a check-box
Show transducersis checked. Checking the box opens a graphical window with
transducer map. This map changes dynamically, as soon as changes in multiplexer
table are made. This greatly simplifies setting up of flow mapping table.

The Transducer grid map can only be displayed, when Flow mapping check box is
selected.

Aswith Multiplexer table, Flow mapping tableis saved with datafile.

After Flow mapping tableis set up, measurement can beinitiated by clicking the
<OK> hutton on M easurement parameters dial og.

Graphical Flow mapping table design can be viewed in Flow mapping window.

5.6.3 Flow map window

Flow mapping data are displayed in the Flow mapping window. To open Flow map
window from main menu, click Analyss | Flow Map. From Toolbar, click the Flow map

icon i . Flow map window opens, see Figure 82.

ES Transducers I =] B
tap ] Average Map ] Tahle ] Awerage Table Transducers l
y [mm] x=242 mm, y=-20 mm
200F------mmbmm oo i R R e ————————————:» ——————————
160F------mmfommmmm oo R
100F-------- ke EERREEEEEEES
) R S SR
a : i
1 Uy USR]
100 0 100 200 300
x [mm]

Figure 82 — Flow map window — Transducerstab

The Transducer tab shows graphical layout of transducer grid (thin blue lines) and
its active measurement zones (thick red lines). In our example, thereare 9
transducers forming the grid, five of them measuring ‘ vertically’ from bottom to top
(Azimuth = 90 deg), and four transducers measuring ‘ horizontally’ from left to right
(Azimuth = 0 deg). Thick red lines mark active measurement zones of transducers
(see‘Vdidfrom' to ‘Valid to’). Thin bluelines also mark transducer’ s Maximum
depth’, i.e. the most distant place where transducer can measure.

The Flow map window can be also zoomed into by mouse, as other windows.

Multiplexer parameters can al so be seen and edited from Edit | Edit Multiplexer
Parameters... dialog. The multiplexer table corresponding to the flow-mapping grid
depicted on Figure 82 can be seen on Figure 83.
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Multiplexer parameters x|

W i g I~ Showtransducers

Trf|izinuth [°] |¥ pos [mm] |¥ pos [uwwm] [Valid from [mm] |Valid to [mm]

1 20 1a u] Ho linits 1e0 |~
£ 20 L0 u] No linits 1&0

2 20 100 Ju] No linits 1&0

4 20 150 a HNo limits 1&0

5 20 Z00 u] Ho linits 180

& u] [u] 10 No linits £10

7 Ju] o] 50 No linits Z10

2 a u] 100 HNo limits Z10
3 u] u] 150 Ho linits Zlo|™

Cancel_|

Figure 83 — Edit Multiplexer Paramgterstable

We suggest that you compare data from table on Figure 83 with graphical
representation of the same data on Figure 82to get a better grasp of transducer
grid editing.

It isalso possible to display Transducer grid map from Multiplexer parameterstable
by checking the Show transducers check box.

The Flow map window has only standard Copy/ Print pop-up menu with reference
to Options.

“Yelocity scale

T Automatic E| % of map size

cged [

YYectorvalidation

Minimum angle between axes: 10 *

Figure 84 — Flow map options
Options of Flow map include the following parameters:

. Veodty scale In Autometic scaling mode, the longest depicted vector can
reach apre-set fraction of map size (20% as default value). In Fixed scale
mode, user can edit and calibrate his or her vector scale.

- Vector validation. M ost precise spatial resolution results when two transducer
axes are crossing under 90° angle. Two parallel transducer axes do not
offer any crossing point whatsoever. When axes cross under very small
angle, the resulting vector can have large uncertainty. Thisiswhy user
can suggest the smallest crossing angle acceptable for vector calculation.
All crossing points resulting from smaller-angle crossings will be ignored
in calculation and graphics.
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Warning

For successful flow mapping it is necessary that transducers have well-aligned mechanical
axisand USaxis. Original Met-Flow transducers are of controlled high quality, and are
suitable for flow mapping. Cheaper ‘no-name’ transducers do not always comply with
quality conditions necessary for flow mapping. Thisiswhy we strongly suggest to use
original Met-Flow transducers.

The Flow map tabs show vector flow maps of aflow field. An example of flow map
is on Figure 85.

S Flow Map 0 =1 E3
tdap |Average Map I Table I Average Table I Transducersi
Y [mm] %=130 mm, y=178 mm

| e //—” = :
R i S N

B ----- i‘ ------------- M“ ------- i‘ -------
100 0 100 200 300
— e 00w Al

Figure 85— Flow map window — flow fidd map tab

Each crossing of two US transducer axes has generated one *arrow’ representing
flow velocity in axes crossing point. Orientation of arrow shows velocity vector
direction, length of arrow represents flow velocity.

Please note that there are as many separate flow maps as there were ‘# of cydes in
the Flow map table. This means that each ‘ sweep’ through all active transducers
produces a separate flow field map. This allows for measurement and recording of
changing flow fields.

Flow maps are selected by a selection box in Tool bar.

tap [0 E|3

Figure 86 — Map sdection box

Average flow mapis calculated from all available flow mapsin adatafile.

It isalso useful to know measured datain numerical form. These data are shown in
additional tabsin tabular form.

An example of flow map Tableis shown on Figure 87. (The Table gives crossing
points matching to the Example above, but velocity values are simulated.
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Mep | Mep Table | Average Table | Transchicens |

¥ pos |y poa|x velooity|y welocity| I RME | ¥ RMA |Tren|Distance &|TranDistesce B sin

[nm] | [mea] | o] [umi=] | [nwia] ) [efa] [rai] [rm]
L L] Lo 403.2 161,01 1a.? 4.0 L i0.00 & 10,00 (L.000
& 10 50 2877 66.2| 8.2 4 L 50.00 T 10.00(L.000
k] 10 100 156.2 -19.6] 13.9 6.1 1 100,00 2 10,00 (1000
1 wf 130 -&.3 -466,2| 34,2 2.3 1 130.00 g 10,00 {1.000
H] i 1 -98.5 01,5 36.0f 274 i 0.00 i 50,00 {1.000
& i a0 -248.2 $Iz,1| 0.8 14,5 2 50.00 T 30,00 (L.000
7 an 100 ~163.3 -177.3 2.2 3%, 7 z L00.0oo g 30,00 |L.000
B 0] 150 -344.3 -431.3| 11.3 L5.0 2 L50.00 2 50,00 (L.000
3 100 10 -456.2 $05.7 7.8 17.8 1 i0.00 & 100.00|1.000
10 i00 30 -184.8 4.8 19.8 25.1 k] 50.00 T i00.00 |1.000
11 100 100 -224.4 -214.4 20,8 22.0 1 100.00 2 100,00 |1.000
12 no| 150 -140.28 -394, 2 35,3 Bl k] La0.00 g 100,00 {1.000
13 140 1] 820 160,33 T4 5.8 L] 0. 00 i 150,00 {1.000
14 130 L) 2438 2153 1.7 3Z.8 1 50.00 X 150,00 |L.000
13 130|100 J62. & -413.5| IZ.8 L7.7 1 100.00 g 130,00 |L.000
L5 150 150 144.7 -Zld.2| .8 34.1 1 L50.00 9 450,00 |L.000
17 Z00 10 455.8 4504 7.6 T.0 3 10.00 B Z00.00|1.00D0
18 Z00 30 189.2 61.1 18.1 6.2 3 5000 T Z00.00 |1.000
149 200{ 100 i84.1 o 5.3 H 100. 00 2 200,00 {1.000
20 200{ 150 139.8 60,4 4.7 374 i L50.00 g 200,00 {1.000

Figure 87 — Flow map window — flow fidd table

Table has as many lines asthere are valid crossing points.

Table givesthe following values:

- Xpodtion [mm]. Position of acrossing point in Cartesian co-ordinates

- Y position [mm]. Position of acrossing point in Cartesian co-ordinates

- Xveocity [mmYg]. Calculated x-component of velocity vector

- Yveocity [mm/g]. Calculated y—component of velocity vector

- X RMS[mm/g). Calculated RM S of x-component of velocity vector

- 'Y RMS[nm/q. Calculated RM S of y—component of velocity vector

. Transducer A. Number of the first transducer which forms a crossing point

Digtance A [mm. Distance from face of transducer A toa crossing point.

- Transducer B. Number of the second transducer which forms a crossing point

Distance B [mm]. Distance from face of transducer B to a crossing point.

- 9n[1] . Sinus of angle between both transducer axes, crossing in agiven

point. It can be used for estimating vector calculation reliability. The
higher the sinusin agiven point, the better vector calculation reliability.

Please note that there are as many separate flow map tables avail able as there were
number of flow maps, i.e. asthere were ‘# of cydes in the Flow map set up table.

Tables are selected in the same way as Maps, by the Map selection box on
Toolbar.

Average flow map tableis calculated from all available flow map tablesin adatafile.
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5.6.4 Flow map export

Flow map data can be exported in several formats, similarly as other data. In Flow
map window, click the tab with table, which you intend to export. Then from main
menu open the File | Export | Flow Map... menu item. Standard dial og appears.

Keep in mind that export format can be selected from ‘ tab-separated text’ (txt
format), and ‘ comma-separated text’ (csv format).

Clik the <Export> button to finalize the export.

Datafrom any Flow map table can also be exported through Clipboard. Highlight
by mouse dragging the part of table that you want to copy, and click <Ctrl+C>.

Datafrom Clipboard can be pasted into Word, Excel, and other software.

5.6.5 Flow map comments

During flow mapping, user will experience certain peculiarities which can be
confusing at first sight, but which are perfectly logical.

One of them isa‘strange’ look of many windows.

Time series graph of channel 30 I =1
elgcity [mmys] p=2236, v=-435.8 mm/s

-100

200 {HHH

-300H1HH H

-400FHTH T

-E00F 1— -
1000 1500 2000 2500
=moothing +/-0 Praofile

Figure 88 — Time serieslooksin Flow mapping

Time serieswindow looks*garbled'. Thisislogical, since time series window
shows all asthey are measured and saved to file — including switching between
transducers. Since different transducers indicate different speed, time series are
then — after some smoothing and zooming in — rather step-like function.
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Figure 89 — Sep-like look of time seriesin Flow mapping
Each step represents one transducer data block.

Similar effect also appliesto Color graph.
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Figure 90 — Flow mapping in Color graph

Assoon asyou see vertical barslike thesein Color graph, the depicted fileisa
Flow mapfile.

Multi-transducer measurements have alook similar to Flow map measurements.
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6. Practical measurement considerations

6.1 Velocity vector considerations

When interpreting UV P measurement results, please bear in mind that the velocity
value obtained by UV P measurement is a component of true velocity vector
projected onto the measurement line (read US beam axis, which is strictly identical
with transducer axis when using Met-Flow transducers). The maximum velocity
indicated by the UV P is space-averaged and time-averaged value. It is a saf e bet
that peak values of real velocities can be significantly larger than averaged values.

It should also be noted that the velocity profileisusually one- or two-dimensional,
and that real flow fluctuations are usually three-dimensional, whileitstrue
direction is unknown.

Itisalso well known that measured time-averaged velocity profile can be rather
different from solutions of basic stationary equations for the same situation. This
is especially the case where flow involves oscillating behaviour.

6.2 Transducer positioning

6.3 Reflecting

A good and stable positioning of atransducer is essential for the successful
measurement. Precision of measurement cannot be better than precision of
transducer positioning. Thisespecially concernsthe angle of transducer. Do not
hesitate to design and manufacture a dedicated fixture for the stable and repeatable
positioning of the transducer. Do not try to save time by shabby fixing of
transducer. This especially appliesfor flow mapping with several transducers
involved.

Itisimplicitly expected that the axis of the US beam isidentical with the transducer
mechanical axis. Any deviation of US axis from mechanical axis causes
measurement position uncertainty. Thisiswhy Met-Flow transducers are custom-
manufactured for highest precision, and why they are alittle more expensive than
off-the-shelf serial stock transducers.

Y ou can easily check the position of the real US beam axisby traversing awire
across the US beam, while simultaneously observing the echo from the wire on an
oscilloscope. Since the maximum amplitude of US beam ison itsaxis, it is easy to
find the real beam axis. Do the experiment with wire position in two directions
perpendicular to the US beam axis, and you will be able to precisely establish the
US beam axis position. This can be especially important in situations where US
beam passes through wedge-shaped vessel walls.

particles

Always bear in mind that the UV P method only measures echo from reflecting
particles suspended in the fluid, not the velocity of the fluid itself. Where there are
no reflecting particles, thereis no signal and no measurement. Most of the fluids
contain sufficient number of reflecting particles, but sometimesit isdesirableto
increase SNR (signal-to-noise ratio) by adding particles.

Theory of ultrasound reflection on particles suggests that reflecting particles
should have larger diameter than | /4, where| isthe wavelength of the emitted
ultrasound burst:
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For the different avail able frequencies different minimum particle diameters resullt,
asfollow, in water (c = 1,480 m/s):

fo I dmin
[MHZz] [mm] [microns]
05 2.96 740
1 148 370
2 0.74 185
4 0.37 93
8 019 46

Ideal particles should have specific weight similar to that of the fluid they flow in,
but should have different acoustic impedance to form strong reflections. For
water, very good particles are e.g. polystyrene (specific density r = 1.05) and
similar materials.

Some commercially available particles are listed in the table below.

Manufacturer Name Material Average size Dens_gty r
[microns] [kg.m 3107
3M B38/4000 Glass bubbles 100 0.38
S60/1000 Glass bubbles 105 0.60
K46 Glass bubbles 149 0.46
Liquid Gas M SF-300M SO, 30 135
M SF-500M SO, 50 135
M SF-750M SO, 75 135
M SF-1000M SO, 100 135
HULS WP200S Nylon 12 80 102
L1640P Nylon 12 350 102
Sumimoto CL-2507 Polystyrene 150 0.92
Sekisui SB-100 Polystyrene 100 117
SB-200 Polystyrene 200 117
MBX-50 Polymetacrylate 50 117
MBX-80 Polymetacrylate 80 117
MBX-100 Polymetacrylate 100 105
MBX-200 Polymetacrylate 200 105
Very good US reflecting particles can be also cheaply purchased from
NORTEK AS. For details, see www.nortek-as.com . One-litre bottle costs
approximately USD 40 and lasts for along time.
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6.4 Measurement optimisation

Wefeel necessary to repeat here again: Always Raw echo amplitudein Profile
graph, to monitor the echo signal from thetransducer. It isthe best indicator of
SNR, and it reliably monitors unwanted reflections from walls.

Start operation with smaller Pulse Repetition Frequency PRF (i.e. larger Pay), tO
observe that strong reflections from walls and other solid structures are out of the
region to be measured. Usually these reflections give stationary signal, which can
be easily recognised among reflections from moving particles. Moving particles
have transient character.

Reflections can al so be recognised on the computer display since they are
stationary, while liquid changes its instantaneous vel ocity due to turbulence.

After identifying (and possibly removing) static reflections, reduce Py« to adjust
the maximum velocity range to your flow, and then adjust Channel distance and
thus awindow width to cover the measured region.

Observeif thereis sufficient quantity of reflecting particlesin theflow. Try to set
up the signal with asfew dropouts as possible.

If the measured flow is sufficiently stationary, and if time resolution is not acritical
parameter for your application, it is helpful to increase number of repetitions N.e,
for computation averaging.

In casethat Channel distanceisrelatively large, it isalso possibleto increase the
number of cycles per pulse as long as the decreased spatial resolution does not
affect the measured results.

If the measurement signal is still weak, first think of improving reflecting particles
contents. Thisisthe safest way of improving SNR.

In case concentration or quality of reflecting particles cannot be increased, try first
to increase the emission voltage, and only if this does not help, increase the RF
Gain. Use RF Gain with prudence. Too high amplification also amplifiesthe
electronic noise, and the resulting SNR might be lower, than if emission voltageis
higher and input amplifier gain stayslower.

Observe whether the far side of the profile has alower measurement success rate
than the near side. Thisindicates that the echo is not sufficiently strong from the
far side. In such case, adjust the RF Gain (higher gain at the far side).

If all described tips did not help, think of using adifferent US frequency, or
possibly alarger transducer.
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7. Transducers and their properties

7.1 Definition of atransducer

An ultrasonic transducer is a device capable of transforming a high-frequency
electrical signal into high-frequency mechanical vibrations. The latter generate
sound waves, which are transmitted through the medium surrounding the active
face of the transducer, thanksto its elasticity. The latter transport medium can be
either liquid or solid. By thisway, atransducer works as a generator of ultrasonic
waves.

On the other hand, atransducer can also work in reverse as an ultrasonic waves
receiver (sensor). When an ultrasound burst reaches the transducer, the | atter
generates an electrical signal proportional to ultrasound mechanical excitation.

An ultrasonic transducer is made of three main components: the active element,
the backing, and the wear plate. As agenerated ultrasonic burst has to go through
each of these elements before travelling to the outer environment an utmost
attention is given to their respective acoustic impedance coupling. An impedance
mismatch between each element or with the outer medium means |oss of beam
transmitted energy and increased beam angle divergence.

Wear Plate
Bushing Casing  Active Element
T
VA l, 72
/ _/
Cable Impedance- Backing

matching

resistor Electrodes

Figure 91 - Cross-section of an ultrasonic transducer

7.1.1 Transducer active element

The active element made of piezoelectric or ferroelectric material, converts electrical
energy into ultrasonic energy. The most commonly used material is polarised
ceramics, which vibrates at high frequency when excited electrically.

M et-Flow’ s transducer manufacturer has developed a specia piezo-composite
active element having a"1-3" mechanical structure, composed of thin ceramic rods
(mechanical continuity in one single direction) embedded into a polymer matrix
(mechanical continuity in the three spatial directions) to generate a perfect one-

Transducers and their properties 71




dimensional longitudinal sound wave. The microstructure of this material is
designed so that all the waves subject to excitation have alarger wavelength than
therod’s own size. Thisisanecessary condition for the composite material to
behave as homogeneous material.

Figure 92 - Active matrix element of an ultrasonic transducer, composed of thin piezodectric
rods

7.1.2 Transducer backing

The purpose of transducer backing isto absorb the acoustic energy radiating from
the back face of the active element. A highly attenuating and high-density material
isgenerally used for backing.

Depending on the transducer purpose, the acoustic impedance of the backing can
be set in two ways:

If backing has acoustic impedance well matched with the high impedance of the
active element, it will absorb acoustic energy and thus the transducer will feature a
good temporal resolution (short transients). In return, the ultrasonic output signal
amplitude will be lower because of the loss of ultrasonic energy absorbed in the
backing.

On the other hand, if acoustic an impedance mismatch between active element and
backing exists, more ultrasound energy will be reflected back into the active
element and forwarded into the tested medium. Thisresultsin atransducer having
alower temporal resolution due to longer transients (less absorption makes the
active element ‘vibrate' longer after its electrical excitation has been switched off).
On the other hand, impedance-mismatched backing yields higher acoustic output
signal amplitude.

UV P measurement needs very agile transducers, which can transmit only several
waves of ultrasound and then switch to receiving of very weak echo signals. Long
transients would thus be fatal for the transducer ability to switch between different
working modes. Thisiswhy UV P uses impedance-matched backing for good
dynamic characteristics of transducer.
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7.1.3 Transducer wear plate

Beyond its basic purpose of protecting the inner elements against the external
environment, the wear plate plays the role of acoustic impedance adapter, whichis
of high importance for immersion transducers such as UV P types.

This part isthen used as a matching layer connecting the high acoustic impedance
of the active element with the tested liquid one, which is generally ten times
smaller. Practically the wear plate impedanceis set closeto thetest liquid value,
and itsthicknessis adjusted to a quarter of the ultrasound wavelength while the
active element oneis set to one half of the ultrasound wavelength. By this mean
two waves generated simultaneously by each face of the active element arein
phase when leaving the transducer front face, increasing the overall ultrasound
energy output. This phenomenonisillustrated as following.

/) IN OPPOSITION
OF PHASE
|
IN PHASE
¥l Yal
Backing Active Matchingi Water
Element | Layer |
[High / Low Impedance] [High] [Low] : [Low]

Figure 93 - Phase relations at the output of a transducer

7.1.4 Transducer designs

Mainly two types of transducers with associated methods can be mentioned:
Contact transducers and immersion transducers.

Contact transducers are used directly on contact with a solid medium. This
requires avery accurate fit of both surfaces. Thistechnique, which ismainly used
inthefield of material non-destructive testing (NDT), provides the highest
coupling efficiency of ultrasound from the transducer into the test piece, since
both transducer and tested piece have nearly the same acoustic impedance.
Contact transducers can be used in straight beam configuration to introduce
longitudinal wavesinto the test material, or as an angle beam transducer with
adjunction of a special wedge element to generate shear wave or a combination of
both wave modes.
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Immersion transducer s are operated (at least partially) submerged in liquid,
usually in water. Thisliquid can be either the testing medium, or a coupling
material (gel, submerged test piecein NDT application...). This method, whichis
commonly used for UV P method and medical applications, provides uniform
coupling and reduces sensitivity variations. Moreover, dueto its easier fit
compared to contact technique it offers more application flexibility, for example, it
can be integrated in an on-line control process for NDT. However, its most
interesting characteristic remains the ability to focus and concentrate the beam
energy in aspecific region to increase sensitivity to small reflectors.

The following configurations are worth of noting:

Focusing transducer s with spherical transducer: When the front of the active
element is not flat but spherically concave in shape, it does not transmit a plane
wave but a spherical wave, and focusing of the output beam takes place. US beam
isthen concentrated into smaller focus region with higher intensity. In UVP use,
this can significantly increase lateral spatial resolution and signal-to-noiseratio.

A similar effect can also be achieved with an ultrasonic lens placed in front of the
transducer. Drawback of such configuration isthat part of acoustic energy islost
on the lens element.

Dual-element transducers utilise separate transmitting and receiving elements,
which improves near-field resolution and transducer sensitivity. Dual-element
transducers have a pseudo-focus due to their cross-beam design. They are
generally not used for precision gauging, because they are affected by zero drift
and timing error due to V-path correction.

High temperaturetransducer s (higher than 60°C) use special casing and special
inner elements providing good thermal isolation and homogeneous thermal
expansion characteristics. For temperature above 100°C, special coupling placed in
front of the transducer is recommended.

7.2 Sound field generated by transducer

The following equation expresses rel ative pressure distribution along the axis of a
transducer, and is often used to express characteristics of an ultrasonic beam:

where acoustic pressure

reference acoustic pressure on transducer
US wavelength

active diameter of the transducer

on-axis co-ordinate of US beam

NOg—3 T

The generated sound field can be divided in two main regions called the "near
field" and the "far field".
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Note:

Transducer _ Focal zone
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Figure 94- Sound field generated by a transducer.

In the near field, the sound field pressure amplitude goes through a series of
maxima and minima, and interacts inside the beam as it propagates. This zone starts
at the transducer front and extends to the location of the last maximum of this
series at adistance N. The distance Niscalled ‘ near-field distance’, and it presents
the natural focus of atransducer. It can be estimated by the equation:

N = D?f,
4c
where N near-field distance [m]
D active dement diameter [m]
fo basic ultrasound frequency [Hz]
c sound velocity in test medium [m/g]

Inthefar field, and with correctly-moding transducer, the highest pressureis
usually situated on the beam axis. In this region starting from the focus point N of
the transducer, the sound beam is diverging at a constant angle for agiven
pressure amplitude drop. By defining the beam divergence half-angle g asthe
half-width (- 6dB) of the sound pressure (the point where sound pressure
decreases to one half), g can be expressed as a function of wavelength and
transducer diameter (respectively asafunction of the |/D parameter). In the case
of acircular beam we have:

. (e
g, =gn 18%.51—9
€ Dg
where ¢ beam divergence half-angle (for -6 dB drop)
| USwavelength
D transducer active diameter

Please note that all equations above expressing divergence and pressure on-axis
distribution apply for the assumption of plain acoustic wave generated by the
transducer. Thisisfulfilled for all ‘normal’ transducers, but isnot true for
special ‘focused’ transducers, which do not generate plane wave, and thus have
different pressure distribution and divergence.
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From the equation above, it is seen that, for the same frequency, larger diameter
transducers have smaller beam divergence and vice versa.

Alternatively, for a certain transducer transmitting size, the higher the basic
frequency of ultrasonic wave, the better its directional propagation (the smaller the
beam divergence). The divergenceisgoverned by aparameter |/D,where D is
the diameter of the active transmitting area of atransducer. US wavelengths are
generally very “long” in comparison to light waves. For atypical UV P transducer
withD =5mmand| =0.35 mm (water, 4 MHz), there are only 14 wavelengths
across the transmitting area (because 5/ 0.35 = 14), and diffraction effects show
strongly.

The higher the US beam divergence, the sooner the beam looses its intensity, and
the poorer isthe spatial resolution of the UV P measurement.

To demonstrate the practical values of near-field length and divergence half-angle,
the following tables show all practically used combinations of frequencies and
transducer diameters.

The tables do not apply for focused transducers.

From practical measurement point-of-view, weak echo problems might sometimes
occur while doing measurement inside a Near Field zone.

Near Field length N [mm] in water (c =1 480 m/s)

Transducer
diameter D f=0.5MHz f=1MHz f=2MHz f=4MHz f=8MHz
[mm] | =2.96 mm | =1.48 mm | =0.74 mm | =0.37 mm | =0.19 mm

1 0.09 017 0.35 0.7 14
2 0.35 0.7 14 27 54
25 053 11 21 4.3 84
3 0.75 15 30 6.1 122
4 135 2.7 54 108 216
5 21 4.2 84 1€ 9 338
8 54 10.8 216 432 86.5
10 84 16.9 338 67.6 1351
20 338 67.6 1351 270.3 5405

Table showing Near Field length as parameter of transducer diameter D and working
frequency f. Sncewavedength | isdependent on sound velocity c,

valuesof N would differ for different media. 1n UVP, the most commonly used transducer
is f= 4MHz D = 5mm, and thisiswhy theresulting valueof D = 16.9 mm is
highlighted.

7.6

UVP-DUO Monitor User’s Guide




Far Field beam divergence g[ °]in water
(c =1480 m/s, for -6 dB intensity drop)
Transducer
diameter D f=0.5MHz f=1MHz f=2MHz f=4MHz f=8MHz
[mm] | =2.96 mm | =1.48 mm | =0.74 mm | =0.37 mm | =0.19 mm
1 — 49.0 222 10.9 54
2 — 222 109 54 2.7
25 — 17.6 8.7 4.3 2.2
3 — 144 7.2 36 18
4 222 10.9 5.4 27 14
5 17.6 8.7 43 2.2 1.08
8 10.9 5.4 2.7 1.4 0.68
10 8.7 4.3 22 1.08 0.54
20 4.3 22 11 0.54 0.27

Table showing Far Field divergence as parameter of transducer diameter and working
frequency f. Sncewavelength | isdependent on sound velocity ¢,

valuesof N will differ frommedia to media. Again, the most commonly used transducer f
=4MHz D = 5mm reault ishighlighted (g= 2.29).

The very high values of divergence (small diameter, long wavelength) are added
for illustration only, and are not suitable for practical UV P measurement. Decent
divergence values result from transducers having at least 10 US wavelengths
across their active diameter.

The following picture shows real US field emitted by atransducer working in
continuous mode. The USfield has been visualised by means of Raman
spectroscopy.
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Figure 95 - Picture of an ultrasonic field generated by the transducer working in continuous
mode. The transducer was standard type 5 mnv 4 MHz Note the visible focus (dark spot on
the axis) which centre marks the end of the near-field zone. Two small side lobes (-18 dB)
show at the central part of the beam.

7.3 Met-Flow transducers

M et-Flow's transducers are customdesigned and manufactured by aleading
specialised third-party manufacturer. Immersion-type transducers were chosen
particularly because they are designed for liquid applications, moreover they offer
more flexibility for geometrical fit and acoustic coupling, plus focusing beam
option. Hereis adescription of their main features.

M et-Flow transducers are connected to the UV P Monitor by a standard BNC
connector. Maximum operational peak-to-peak voltageis 200V, maximum
applicable DC voltageis 500 V. Electrical input impedance of all transducersis
closeto 50 Ohm.

Default cable length is4 m, but can be specified longer (up to 10 m) or shorter
when ordering transducer. For longer cables, small surcharge can apply. The
cableisfirmly fixed to the transducer and cannot be extended. Warranted-
operation cable length is 4 meters.

Transducer electric-to-acoustic efficiency is approximately 40-50 %. The losses are
mainly due to absorption in the backing necessary to generate short ultrasound
pulse required by UV P technique (see paragraph Transducer backing).

Transducer casing material is Delrin, a plastic material resistant to most of common
chemicals. Nevertheless, Met-Flow only guarantees transducer resistance to water
and mercury. In case of other chemicals, please consult Met-Flow.

The following transducer centre working frequencies are available:
05, 1, 2, 4, 8MHz

Generally, lower frequencies are used in large-scal e applications for their good
propagation abilities (attenuation is proportional to the square of frequency).
These applications include measurements in large-scal e tanks, rivers, wave basins
and such. Low frequencies are also used for high-velocity flows.

Higher frequencies are used for small-scale flows for which they offer good spatial
resolution dueto their short wavelength. These applications include small-
diameter pipes, small hydraulic models, artificial heart models and such.
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Figure 96 - Photograph of a typical UVP transducer for 4 MHz frequency.

Standard Met-Flow transducers are plane-wave type, with aflat active element.
These transducers for ‘normal’ temperature range up to 60°C temperature (in the
immediate vicinity of the transducer) are named by letters‘ TN’.

Two lines of similar transducers for two ranges of extended temperatures up to
150°C or 250°C are available. They are named by the letters‘TH’ and ‘ TV’
respectively. These transducers have special casing for good thermal isolation and
specia inner elementsto resist thermal constraint.

Spherical focusing transducers (‘ TF' denomination) are custommade on request.
The focusing effect is given by a spherical active element. Thisyieldsagood US
efficiency, since no energy iswasted on acommonly used focusing lens on the
front surface.

The casing diameter is derived from the active element diameter. The default casing
length is 60 mm, but other lengths (minimum 36.5 mm) can be manufactured on
request with asmall surcharge.

Any other specific development can be considered, please feel free to contact us
for further information.

7.4 Met-Flow transducer cables

M et-Flow transducer cable can be considered as a standard 50 Ohm coaxial cable
(type KX 15 for normal temperature or KX 18 for extended), with an attenuation of
under 0.1 dB/m for a8 MHz signal. The attenuation decreases with frequency.

A reasonable extension of transducer cable using an additional standard 50 Ohm
coaxial extension cable with BNC connectors should not be critical from
attenuation point of view.

Warning

Use of any other cable and connector type can cause impedance mismatch, and
signal can be distorted in addition to loss of sensitivity, due mainly to parasitic
reflections at cable junctions.
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Obviously, in strong el ectromagnetic interference (EMI) environment overall cable
length has to be minimised. Thisiswhy Met-Flow is assuring reliable functioning
of itstransducers up to 4 meters cable length only.

7.5 Standard Met-Flow transducer overview

Symbols used in transducer denominations:

TN transducer for temperatures up to 60°C

TH transducer for high temperatures (up to 150°C)

TV transducer for very high temperatures (up to 250°C)
TF focused (spherical) transducers

1% digit frequency

2" digit active diameter in mm

34 digit exterior diameter in mm

Default casing length for all transducersis 60 mm. Other lengths can be
manufactured upon request (minimum length is 36.5 mm).

Default cable length for all transducersis 4 m. Length can be adjusted from 1m up
to 10 m upon request to suit customer's needs

Plain-wave transducers

Centre Active Overall Overall Near-field Divergence
Transducer frequency diameter diameter length distance N | half-angle g
type [MHZz] [mm] [mm] [mm] [mm] [deg]
Normal temperaturerange (up to60° C), water and mercury resistant
TNO05-19-23 05 19 23 60 305 46
TN1-13-16 1 13 16 60 285 34
TN2-10-13 2 10 13 60 337 22
TN4-5-8 4 5 8 60 16.9 22
TN8-2.5-8 8 25 8 60 843 22
High temperaturerange (up to 150° C), water and mercury resistant
TH4-5-8 | 4 | 5 | 8 | e | 119 | 22
Very high temperaturerange (up to 250° C), water and mercury resistant
TV4-5-8 | 4 | s | 8 | e | 199 | 22
Focused transducers
Active
Centre Active Overall Overall element Real focus Natural
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Transducer frequenc | diameter | diamete length minimum point focus
type y [mm] r [mm] curvature minimum point N
[MHz] [mm] radius [mm] [mm]
[mm]
TF05-19-23 0.5 19 23 60 >110 >26.0 305
TF1-13-16 1 13 16 60 >80 >234 285
TF2-10-13 2 10 13 60 >60 >24.9 337
TF4-5-8 4 5 8 60 >40 >13.3 16.8
Note: Focused transducers can be ordered with focus point fromlisted minimum length up.
Active element curvature point varies according to sdected focus point.
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8. Turbulent statistics basics

UV P measures (almost) instant values of velocity, and produces many realisations
of measurement. This offers statistical processing of measured data.

In software Version 3, several statistical calculations are included: histograms,
statistical moments, correlation, auto-correlation, and frequency analysis. Here the
very basics of these calculations and their physical interpretation is given.

Basic datafor all calculationsistime series of velocity valuesin asingle spatial
point.

Reader can find more detailed information in any statistics or signal processing
textbook.

8.1 Histogram, PDF

Histogram is created by sorting measured velocity redlisationsinto intervals (bins)
of equal width Dv . Itsy—co-ordinate is proportional to number of measurement in
agiven velocity interval.

Thisisexactly what is calculated and displayed in the ‘ Vel ocity histogram’
window.

The more measurements are available, the ‘nicer’ histogram looks. If datafile does
not have very long length, it is better to increase width of intervals (and thus
decrease number of intervals).

Software Version 3 allows for changing number of sorting intervals (see Options).

If histogram has many intervals and is normalised in such way that the length of all
bars equalsto 1, then it approximates ‘ probability dengty function’ or PDF (also called
‘frequency function’ in statistics).

PDF hasthe following features: it is never negative, and area under the PDF equals
tol.

8.2 Statistical (central) moments

When a set of values has a sufficiently strong central tendency, that is, atendency
to cluster around some particular value, then it may be useful to characterize the
set (and its PDF shape) by afew numbersthat are related to its moments, the sums
of integer powers of the values.

These numbers are called statistical moments.

General definition of m-th moment v," for all measured valuesk from 1toK is

The most important statistical moment is First moment (average, mean). Higher
moments are more practically expressed as ‘ central’ moments. Central statistical
moment is statistical moment of differences from average value:

=

Vi = Vi

18 —\m
VA v
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Infinite number of moments would be needed to fully characterise the PDF,
neverthelessit is sufficient to know only afew lowest moments to estimate its
basic properties. These lowest moments have their names and physical
interpretation.

8.2.1 First moment — mean velocity, arithmetic average
M ean estimates the value around which central clustering occurs.

Thisissimply an arithmetic average of measured values.

Vi
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8.2.2 Second central moment —variance, RMS

Variance is ameasure of distribution ‘width’. The higher the variance, the wider the
PDFis.

Vi = Vg
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The usual description of Second central moment iss ?. Squareroot of s ? is
called ‘ Root mean square’, or RMS.

In many areas, it is customary to express distribution width in terms of RMS,
because RM S complies with definition of ‘turbulence’ in fluid mechanics. Thisis
why Version 3 calculates both RM S and variance.

8.2.3 Third central moment — skewness

Third central moment normalised by s * iscalled ‘ skewness':

Vi = Vi

3

14
N =1
S

v
S=——2=

S3 3

Skewness is ameasure of asymmetry of distribution. Since variables arein the third
power, skewness can reach both positive and negative values.
If S=0, distribution is symmetrical.

For S<0, velocity distributionis‘skewed’ to the left (the larger tail of adistribution
ison theleft), to lower velocity values.

For S>0, velocity distribution is ‘ skewed' to theright (the larger tail of a
distribution is on theright), to higher velocity values.
8.2.4 Fourth central moment — Kurtosis (flatness)

Fourth central moment normalised by s  iscalled ‘kurtosis':

\
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Kurtosisis always positive (variables are in fourth power). Kurtosis showsiif
distribution isflatter on top of distribution (as e.g. top-hat distribution), or if it has
narrower peak.
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Comparable Gaussian (Normal) distribution has kurtosis (flatness) value K=3.
‘Top-hat’ distribution has kurtosis < 3. * Triangular’ distribution has kurtosis > 3.
8.2.5 Higher moments

Higher moments also exist but do not have direct physical interpretation, and
software Version 3 does not compute them.

However, if interest in these moments arises, it is possible to export velocity series
datainto Excel and compute higher moments there.

8.3 Correlation
Correlation — as its name suggests— shows if any relation between different time
series exists.

8.3.1 Auto-correlation

Auto-correlation finds relations between different parts of the same time series.
Practically this means finding periodicity in certain time series.

Auto-correlation function of a discrete time series (for asingle channel)
[ x],i=12 ..N
isdefined by:

19
Rxx(t) =—a XiXixj
o

where t = jDt, and Dt issamplinginterval.
Auto-correlation function is usually normalised by dividing by RXX(O] .
Such normalised auto-correlation function has several features:

for t =0, Rxx‘d =1

auto-correlation function is an even function: Rxx(t) = Rxx(- t]

for periodic time series, auto-correlation function is periodic function with the
same period.

Thefirst feature directly derives from normalisation condition.

The second feature means that it is necessary to cal cul ate auto-correlation
function for positive values of time delay only.

Thethird feature allows for easy finding of periodic functions hidden in the noise.
When practically cal culating auto-correlation function, the longest time delay
should not be longer than about half of the overall record.

8.3.2 Cross-correlation

Cross-correl ation finds rel ations between two different time series, in our case
between two channels of measured data.

Cross-correl ation function between discrete time series

[x],i=12.,N, and [y, i=12 ..,N
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isdefined by cross-correlation function:
14
Ry)=—a X Vi
N i=1

where t = | Dt, and Dt issamplinginterval.
Cross-correlation function has several features:

Generally, it appliesthat R, [t] 1 R, t]
Cross-correlation function not even function, but applies: ny(— t] = Ryx(t]

Relation to auto-correlation functions of both respective functions exists:
IR, lt]|? £ Rol0l R, [0
For periodic time series, cross-correlation function is periodic function with the
same period.
Thethird feature allows for normalisation of auto-correlation function by dividing

by R0l R, -

The fourth feature allows for easy finding of periodic rel ations between functions,
hidden in the noise.

When practically calculating the cross-correlation function, the longest time delay
should not be longer than +/- half of the overall record.

Software Version 3 uses velocity series of ‘pivot’ channel as [ )q] , and calculates

cross-correlation function with another channel[ yi] :

8.4 Power spectra

Power spectra show distribution of liquid fluctuation energy of one channel asa
function of freguency.

For Power spectra calculation, complex velocity V(f) as function of frequency is
first calculated by Fast Fourier Transform (FFT) of velocity time seriesv(t) :

VIt =FFT{ vit) x|
where w(t) is windowing function.

From complex velocity image in frequency domain, the Power frequency spectrais
then calcul ated:

PUf] =|v[f]|”

In energy calculations, software Version 3 discounts for energy of mean flow
translation, and cal culates only fluctuation energy.

Software Version 3 uses the following windowing options:

No window W(t) =

Hanning window W[t) =0.5- 0.5003(2[) ><t/T)
Hamming window W(t) =0.54- 046 cos(2p ><t/T)
Gaussian window wit] = eXpé ]/2 /T - 0. 5;

84
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Triangular window wt) =1- |2t/T - 1

Since FFT algorithm requires the number of cal cul ated time series pointsto be 2", it
only takes the largest possible n, which still can fit into number of profiles, and it
discards the rest of the points. It istherefore advantageous to measure such
number of profiles, which fitsto 2" value, i.e. 512, 1024, 2048 etc. Calculation of
Power spectrafrom very small number of profiles can give rather unsatisfactory
results.
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9. Application examples

9.1 Single-transducer UVP measurement in a pipe

The following example shows single-transducer measurement in acircular pipe
partially filled with flowing water. The paper shows how relatively simple UVP
measurement can give very valuable insight view into the flow, when correctly
evaluated. The Exampleisacomplete Conference paper with original pictures,
which has been reformatted for the purpose of this User’s Guide.

The paper has been presented at 'Fourth bi-annual Conference Wastewater 2001,
in Mlada Bolesav, Czech Republic, on 15-17 May 2001, ISBN 80-238-6917-5,
Proceedings page 365-368. It has won the price of Association of Wastewater
Cleaning Experts of Czech Republic.

Title, authors and affiliation

Abstract

Introduction

UVP analysis of velocity field in circular pipe

Dipl-Ing. Vojtech Bares

Czech Technical University in Prague — Faculty of Civil Engineering,

Laboratory of Ecological Risksin Urban Drainage — LERMO, Thakurova 7, 130 00
Praha 3, Czech Republic, tel. 00420 2 2435 4350, fax 00420 2 2435 5445, emslll
bares@lermo.cz

Average velocity profiles were measured by UVP method (Ultrasonic Ve ocity Prdfiling) in
the axis plane of a circular pipe. The flow was stationary, uniform, and hydraulically smooth
with free surface. Experiment has been carried out on glass pipe DN 150, and plastic pipe
DN 290 respectively, with meximumwater leve H/D = 0.5. Distribution of velocitiesin
inner region of turbulent layer corresponds to logarithmic distribution law. The value of
integration constant B was found to be in the range between 4 and 6. For outer region of
turbulent layer, where velocity distribution is formed according to Coles (1956), the value of
Coles parameter has been found to be P=0,3. Ve ocity didtribution along the height of pipein
pipe plane of symmetry shows the same parameters as flow in open channels. Bottom shear
stresst0 and shear velocity u* has been calculated both (1) from UVP-measured profilesin
theinside region of turbulent layer in pipe plane of symmetry, and (2) from hydraulic radius
R and pipe longitudinal dopei0. The ratio between the values found from (1) and (2) wasin
therangeof 1.1to 1.3. Thisratio isin good agreement with results presented lately by
Knight (2000).

Wastewater flow in drainage systemsis governed by many specific factors. Water
includes many non-soluble particles, and both cross-section and material of
drainage pipeisvery often varying. In dry weather period, stationary flow with free
surface prevails, while during rain events flow changes to transient and can even
develop into pressure-mode flow.

Thegoal of an experiment wasto analyse velocity distribution in circular pipe with
stationary free surface flow. UVP Monitor has been used for measurement, since it
records both temporal and spatial representation of the flow. The main UVP
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advantage isits ability to measure instantaneous velocity profilesin flowing liquid.
This provides the means for wall roughness analysis and shows ability of liquids
to transport insoluble particles.

Keulegan (1938), Coles (1956), Nezu and Rodi (1986), Cardoso et al. (1989), Kirkgoz
(1989), and other have described velocity distribution in turbulent boundary layer
of flow with free surface. For evaluation of sediment transport in drainage systems
and for design of bottom slope of drainage pipes acriterion of critical bottom shear
stress is most often used. According to Czech standard CSN 75 6101 itsvalue
should be t0 = rgRi0 = 4 Pa. This value should be reached at |east five times per
year. The validity of thisrelation has been proven by many authors and methods
above and applies both for free-surface flow in rectangular channels and for
pressure flow in circular pipes.

Experiments should then describe influence of pipe geometry on real t0 near pipe
bottom during free-surface flow conditions.

Experiments

Experiments were carried out in two circular pipes. Thefirst pipe was made of
glass, with diameter DN 150 mm, length 17 m, and bottom longitudinal slope 0.1 %.
The second pipe was made of Plexiglas, with diameter DN 290 mm, length 17 m and
bottom longitudinal slope 0.175 %.

M easurement of discharge was made on inlet pipe by aflow meter KROHNE DN 50
or DN 150 respectively, and by atriangular measuring weir. Water level in pipes
has been measured by pressure inductance transducers Hottinger Baldwin, and by
digital point gauge. Maximum water level in both pipes was half of the pipe
diameter, i.e. H/D < 0,5. Measured discharge in DN 150 pipewasfrom 0.75to0 7
litres per second, and in DN 290 pipe from 4 to 11 litres per second.

Velocity measurement

Velocity information has been obtained by UVP Monitor (Ultrasonic Velocity
Profile Monitor) from Met-Flow, Switzerland. Its main advantage is non-contact
measurement of spatial and temporal fluid velocity information by means of
ultrasonic pulses, transmitted into flowing water — see Figure 97.
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Figure 97 -Principles of UVP Monitor

Each ultrasonic transducer transmits short ultrasonic (US) pul ses along transducer
axis. Part of the US energy is reflected from minuscule particles scattered in flowing
water and returned back to the transducer, which also acts as USreceiver. The
reflected signal is Doppler-shifted, and comes back to transducer with certain
delay. Doppler shift frequency is proportional to particle (and liquid) velocity, and
the delay is proportional to particle position in the time of pulse reflection. By
space separation of many measurement points UV P Monitor is capable of
evaluation of acomplete velocity profilein the flowing liquid.

Ultrasonic transducers with working frequency 4 MHz, externa diameter 8 mm, and
transducer active diameter 5 mm were used for the measurement.

Two basic geometrical configurations were used for transducer positioning. For
measurement of velocity profilein the inner region of turbulent boundary layer, the
transducer has been entered into liquid through a hole drilled in the pipe bottom at
its plane of symmetry. Transducer axiswas at an angle of 60 deg to pipe bottom,
pinging against flow direction (see Figure 98).
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D=1 mm

Figure 98 - Transducer position at the bottom

For measurement of profilesin the outer region of turbulent boundary layer, the
transducer has been placed near water surface and the axis of probe was at an
angle of 60 deg to pipe bottom, pinging down the flow direction (see Figure 99).
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Figure 99 - Transducer position at the surface

The distance between individual measurement points on measured profile line was
0.74 mm or 1.48 mm respectively. With fixed number of 128 measurement pointsin a
profile, the profile measurement length was 99.7 mm or 198.4 mm respectively. The

measurement length has been changed according to pipe water level.
Values of longitudinal velocity components were evaluated on base of the
following presumption:

|usin a| >> |vcosa |

For longitudinal velocity component in pipe then applies:
VR

|u| » -
Ina
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Analysis and results

Inner region of turbulent layer

For description of velocity profilesin fully developed turbulent flow with free
surface, generally valid semi-empirical models are generally used.

Inside inner region of turbulent layer the velocity distribution as a function of
height is described by arelation derived by von Kérman (1930) and Prandtl (1932),
which iscalled logarithmic velocity distribution law. Thisis expressed as:

u 1 u.y
—=—In—+8B
u k u
where k von Kéarman constant
B constant
u* friction velocity.

Value of B depends on pipe wall surface. On the other hand, ratio 1/k does not
depend on pipe wall surface, as noted by Schlichting (1968).

Nikuradse (1932) on base of his experiments has found values of 1/k and B to be
Yk =2.5and B = 5.5 for hydraulically smooth pressure flow in circular pipe.
Keulegan (1938) has confirmed the same values for flow with free surface as well.

Nevertheless, different values of 1/k and B were found by other authors, value of
Uk in the range between 2.43 (Nezu and Rodi, 1986) and 2.5 (Steffer et al. 1985), and
value of B in the range between 4,9 (Klebanoff, 1954) and 7 (Townsend, 1956).

Figure 100 shows evaluated velocity profilesfor different water level heightsin
plastic pipe DN 290. Velocity profilesin pipe plane of symmetry were evaluated for
water levels0.2— 0.5 H/D.
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Figure 100 - Ve ocity profilein theinner region of turbulent layer
for different water levels, with regression line depicted

Regression analysis has been used to establish u* and B values. Value of B has
been found to be in the range from 4 to 6 for different water levels.
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Outer region of turbulent layer

Coles (1956) hasintroduced a modified logarithmic “law of wake”, which describes
shape of velocity profile in the outer region of turbulent layer for hydraulically
smooth mode of flow, inaform:

Lol Y g gy 820

u. k u é2d g

Coles (1956) has also shown that valuesfor k =0.4, B =5.1, and P=0.55 arein
agreement with experimental measurements.

Different value of Coles parameter P = 0.2 were assessed by Nezu and Rodim
(1986), and Krikgoz (1989) givesvalue P = 0.1. These are significantly smaller
values than that of P = 0.55 given by Coles.

Our evaluation has been done for velocity profiles obtained by measurement from
bottom to surface, see Figure 101. Evaluation has been made for all velocity
profilestogether, while each profile has been normalised to unity depth H =1, and
unity velocity U =1, see Figure 102. Values of Coles parameter P = 0.3 and
constant B = 4.7 were found by regression analysis.

——7
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Figure 101 - Measured data for different discharges
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Figure 102 - Comparison of data normalised to unity depth and velocity

Assessment of shear stress and friction velocity

Direct assessment of shear stress near the wall isdifficult. Therefore, friction
velocity isbeing evaluated by different indirect methods. Keulegan (1938),
Kamphuis (1974), Blumberg (1992) and many other use expression:

u. =1/ghi0

or
u, = \/gRi 0
respectively, where h depth
R hydraulic radius
io bottom slope

Graf (1983), Cardoso et al. (1989), Song et a. (1994), Gyr (1997), Baillat et d. (1999)
assess friction velocity u* according to Clauser (1956) by application of
|ogarithmic regression curve on datain the inner region of turbulent layer. Kirkgoz
(1997) and Knight (2000) use for the same purpose data from laminar sub-layer in
combination with Newton law of viscosity:

Many of the referenced authors compare experimentally established val ues of
friction velocity, obtained by different methods. Experimental results are in good
agreement for rectangular channelsonly.

Knight (2000) described distribution of local shear stress around wetted cross-
section of flow in circular pipe with free surface, for different water levels. Local
shear stress was measured by Preston tube, and compared with average value, see
Equation 6, which gives average value of friction velocity along the wetted
perimeter. The maximum ratio of these valuesis1.1— 1.2 and itslocation is at the
pipe axis.
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Conclusions

From shape of velocity profile, local values of friction velocity resp. shear stress at
the pipe axis were assessed by Clauser method for different water levels.

The part of velocity profile fulfilling the following condition has been selected:

001£X£02
d

Through these points alogarithmic regression curve has been interpolated in the
following form:

u'=Alny" + A

where u+=u/u* and y+=u*y/n. From parameter A1l thefriction velocity u* can
be found:

u- = k .Al
The following condition should be fulfilled:

IR
60 £Ym= £509
n
These local shear stress values were compared with global shear stress values

calculated from Equation 6, and its respective ratio plotted into a graph on Figure
103. Theratio of these values fluctuated between 1.1 and 1.3.
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Figure 103 — Ratio between local bottom shear stress value on pipe axis (tioc) and
global bottom sheer stress (tqq,) calculated from Equation 6 for different weter levels

Velacity profile has been measured by means of UVP method (Ultrasonic Velocity
profiling) in ahydraulically smoath circular pipe with free surface and turbulent
flow.

Detailed analysis of averaged velocity profilesin a pipe plane of symmetry has
been made and parameters of velocity distribution have been compared with
valuesfound in literature.
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Literature

Further, shear stress has been assessed by the bottom at pipe plane of symmetry,
and compared with values cal cul ated according to accepted equations (Equation
6).

From compl eted experiments the following conclusions result:

The shape of velocity profilein the inside region of turbulent flow has been
evaluated. The value of parameter B has been found to be in the region from 4 to 6.

The value of Coles parameter P for outer region of turbulent layer has been
established asP=0.3.

The ratio has been found between local bottom shear stress at pipe plane of
symmetry, and between average values cal culated on base of hydraulic radius R
and longitudinal pipe bottom slopei.

A good applicability of UVP method for analysis of turbulent flow has been
proven.
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List of symbols

Average longitudinal point velocity

Coles parameter

Bottom shear stress

Integration constant

Width on surface

Overall depth

Discharge

Cross section

clolo|z|o|w|s ol

Average sectional velocity

c
¥

Friction velocity

Cartesian co-ordinates

x
<

Maximum longitudinal point velocity depth

x|

Von Karman constant

n Kinematic viscosity

[ Longitudinal pipe bottom slope

Hydraulic radius

a Angle of transducer with vertical

VR Measured velocity vector

Y Average vertical point velocity
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9.2 Flow field mapping example

Thefollowing exampleisavery nice demonstration of skilfully used UVP
technique, where multiple profile measurement and flow mapping isused. The
example uses a very valuable measurement feature of UV P, which isthe ability to
measure flow velocities in both clear water and mud. The Example isacomplete
Paper with original pictures, which has been reformatted for the purpose of this
User's Guide.

Title, authors and affiliation

Summary

Introduction

Turbidity current monitoring in a physical model
flume using ultrasonic Doppler method
Dr Giovanni De Cesare, Prof. Dr. Anton Schleiss

Laboratory of hydraulic congtructions, Snviss Federal Ingtitute of Technology Lausanne,
CH-1015 Lausanne, tel 0041 21 6932385, fax 0041 21 6932264, e-nxil:
secretariat.lch@epfl.ch

In order to clarify the flow mechanism of river -induced turbidity currentsin artificial lakes,
physical moddling of turbidity currentswas carried out in a laboratory flume. Paralldl to
the [aboratory study, performed at the Laboratory of Hydraulic Congructions at the EPF-
Lausanne, field observations have been made in an Alpine reservoir and its main inflow
river. The reproduced turbidity currentsin the laboratory have been monitored using
ultrasound probes functioning with the Doppler Method. Measurementswere madein the
flumewith three different configurations of the ultrasound transducers. Theflowin the
laboratory flume has been smulated numerically. The results of the laboratory experiments
and the numerical calculationswere compared in order to check the accuracy of the
numerical two-phase flow code. Comparisons were made with vertical and axial velocity
profiles. The complete 3D flow fidd has been computed and compared with the measured
2D velocity digtribution near the bottom of the flume. The so tested numerical two-phase
flow code has then been applied to simulate river -induced turbidity currentsdirectly inan
artificial reservair.

Sediment deposition in reservoirs causes mainly 10ss of water storage capacity
(Graf 1994, Fanand Morris 1992), the risk of blockage of intakes structures as well
as sediment entrainment in hydropower schemes (Boillat et al. 1994, Schleisset al.
1996, De Cesare 1998). Finally, the sediment ends to some extent in the downstream
river during flushing (Rambaud et al. 1988). The planning and design of areservoir
require the accurate prediction of sediment transport, erosion and deposition in the
reservoir. For existing artificial lakes, more and wider knowledge is still needed to
better understand and solve the sedimentation problem, and henceimprove
reservoir operation.

Turbidity currents are often the governing process in reservoir sedimentation by
transporting fine materials over long distances through the impoundment to the
vicinity of the dam. They are flows driven by density differences caused by
suspended fine solid material. They belong to the family of sediment gravity
currents. These are flows of water, laden with sediment, that move down slopein
otherwise still waters like oceans, lakes and reservoirs. Their driving forceis
gained from the suspended matter, which renders the flowing turbid water heavier
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than the clear water above. Turbidity currents are encountered in fluvial
hydraulics, most prominently if a sediment-laden discharge enters areservoir,
where, during the passage, it may unload or even resuspend granular material.

This paper presents some aspects of physical modelling and numerical simulation
of turbidity currents. Special attention isdrawn on the measuring techniquein the
laboratory using ultrasonic Doppler velocimetry.

Experimental set-up

The next Figure shows the general schematic view of the flume, two adjacent
mixing and storing tanks and the measuring equipment. The flume used in this
investigation is 8.4 mlong, 1.5 mwide and 65 cm deep. It is made of steel but hasa
glasswall on one side. On the bottom, a6 m PVC plateislaid which variesasope
from 0 to 6%. Water-sediment mixture is takes place in a separate tank (2 n’) with a
propeller-type mixer. Thistank is connected to an upstream tank by are-circulation
pump. The turbid water returns to the mixing tank over afree surface weir, which
controlsthe water level in the upstream tank. A gate with variable width and
opening allows the controlled release of the turbidity current into the flume.

M easurements were made in the flume with three different configurations of the
UV P transducers. Because the UV P instrument allows only one transducer to be
connected at atime, the eight transducers used in the experimental set-up were
connected to the UV P viaamultiplexing unit.

©)

Figure 104 - Schematic drawing of the experimental ingtallation, (1) mixing tank

(2) upstream tank (3) recirculation punp (4) free surface weir (5) inflow gate (6) turbidity
current (7) experimental flume (8) ultrasonic probes (9) sharp crested weir (10) flexible duct
(11) UVP-X3-PSingtrument (12) controlling computer

The beam directions and the penetration length were chosen in order to cover the
interior of the advancing turbidity current. Asthe model is symmetric, the profiles
were taken on the axis of symmetry and the flow -mapping region was situated on
one side of the flume only. The arrangement of the transducers are described as
follows:
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Vertical arrangement with 8 transducers looking with an angle of 60° against
the main flow. The measurements give the projected vertical velocity profiles
over 2 m flow length from the gate, the distance between the transducers was
25om.

Axial disposition with 8 transducers looking straight against the main flow.
Measurements give the horizontal velocity profiles over the whole 3 m flow
length from the gate, the distance between the transducers was 50 cm. The
probes wereinstalled 12 mm above the bottom and were slightly set of f
laterally in order to reduce interference by reflection of US from different
transducers.
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Met-Flow note:

Square grouping with 4 transducers on each side looking straight at and
perpendicular to the main flow in the spreading part just after the inflow gate.
The side of the square plane where the flow mapping took place was 62.5 cm
long, the distance between transducers was 12.5 cm close to the inflow gate,
and 25 cm elsewhere. The transducers were installed with plastic clamps 12 mm
above the bottom on an aluminium frame.

The echo of the flowing turbidity current was strong enough to allow rapid
measurements, only 4 successive profiles were taken with each transducer, and the
averaged profileisused as velocity profile at one location. The temporal resolution
was therefore less than ¥second per profile. The duration to sweep all transducers
was around 3 seconds and the cycle was repeated every 5 seconds, thus giving a
quasi-instantaneous vel ocity information every 5 seconds. The vertical profiles
were obtained with 8 measurements per profile, thus doubling cycletime,
repetitions were made every 10 seconds.

The given measurement times apply for older discorttinued Modd UVP-X. For
contemporary Modd UVP-DUO measurement times are nearly four timesfaster. While
UVP-X took 440 msto collect a profile, modern UVP-DUO takes only 120 ms. While — in
the described measurement situation — it took UVP-X 3,680 ms, it takes UVP-DUO only
960 ms. It pays back to upgrade older UVP-X moddsto UVP-DUO.

9.14
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Simulated turbidity current

Figure 105 - Photograph of the expanding turbidity current in the experimental flume 25 s
after opening of the gate, the current spreads out almogt radial, 125nmx 125mmgrid on
PVC bottom

All the experiments were conducted with fine homogenous clay as suspended
matter. The density of the sedimentsisr ;= 2740 kg/nT. The particle size
distribution ranges from d1 = 0.002 mm to dgp = 0.1 mm, with amean particle
diameter of ds, = 0.02 mm. The corresponding settling velocity calculated using
Stokes law isv» 0.4 mm/sfor the representative particle size in calm water. In all
experiments, clear water from the main reservoir of the hydraulic laboratory was
used as the ambient fluid. The water-sediment mixtures were prepared in the mixing
tank by adding the dry clay to the clear water. The density of the water-sediment
mixture, r , varied between 1'002 and 1'005 kg/nT, and the mixture was considered a
Newtonian Fluid.

The Figure above shows a photograph of the spreading turbidity current 25
seconds following itsinitial release. After its spreading to the total flume with, the
current adjusted itself rapidly to auniform flow advancing steadily within the tank.
When the current reached the downstream end of the flume, the turbid water was
evacuated by opening the bottom gate. During the total duration of the experiment,
the same turbid water flux was fed from the inflow gate.

Experimental results

The measured velocity profiles were compared with atheoretical distribution, the
result agrees well as shown in. At bottom surface layer region, velocity
distribution islogarithmic. At jet region, velocity has half Normal (Gaussian)
distribution.

The Figure below shows the velocity distribution in the turbidity current
expansion. Both calculated and measured val ues are plotted on the same graph.
The results of the numerical modelling are presented by a surface of equal
concentration where the maximum concentration gradient can be found.
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Figure 106 - Measured velocity values compared to theoretical vertical velocity distribution.

This surface fits well to the position of the interface between the turbidity current
and the surrounding water. The velocity vectors are given on afinegridin aplane
parallel to the bottom. This planeissituated at 12 mm from the bottom, the same

Values fromrun n° 2, 80 ms between two succeeding measurements

level asthe one where the transducers were installed.
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Figure 107 - Computed and measured 2D flow fidd 12 mm from the flume bottom and limits
of the spreading turbidity current @) 5 and b) 10 safter the opening of the gate; numerical
simulation: black velocity vectors, turbidity current asa grey surface; physical modd: white

Conclusions

velocity vectors, limits of the turbidity current asa bold line.
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References

Good experience with the UV P technique for flow measurement in the laboratory
has been acquired. The characteristics of the UVP instrument make it well adapted
to operate in physical scale models with turbidity currents. The small ultrasonic
transducers allow easy handling and undisturbed flow monitoring. It is possible to
capture precise velocity profilesin very short atime.

Computer simulation has been used to predict the advancing 3D-turbidity current
in the laboratory and validated with experimental results. Based on the numerical
simulation, not only general conclusions can be drawn, but also the precise
behaviour of turbidity currents can be predicted.

1. Baillat J-L., De Cesare G. (1994). "Dichtestromungen im Bereich des
Grundabl asses des Stausees L uzzone — Modellversuche", Proceedings of the
Symposium“ Betrieb, Erhaltung und Erneuerung von Talsperren und
Hochdruckanlagen” , pp. 183-192, Graz, Austria.

2. DeCesareG. (1998). "Alluvionnement des retenues par courants de turbidité”,
PhD Thesis N° 1820 and communication du Laboratoire de congructions hydrauliques
- LCH N° 7, Lausanne, EPFL, Switzerland.

3. FanJ, MorrisG. L. (1992). "Reservoir Sedimentation. I1: Reservoir Desiltation
and Long-Term Storage Capacity"”, ASCE, Journal of Hydraulic Engineering, Val.
118, No. 3.

4. Graf W. H. (1984). " Storage losses in reservoirs*, International Water Power &
Dam Congruction, Val. 36, N° 4.

5. Rambaud J., Khalanski M. et al. (1988). "Expérience acquise dans les vidanges
deretenues par Electricité de France et la Compagnie Nationale du Rhoéne",
Proceedings of XVle congrés ICOLD, Q.60-R.30, San Francisco.

6. SchleissA., Feuz B., Aemmer M., Zind B. (1996). "Verlandungsproblemeim
Stausee Mauvoisin. Ausmass, Auswirkungen und mégliche Massnahmen ",
Proceedings of International es Symposium «V erlandung von Stauseen und
Stauhaltungen, Sedimentproblemein Leitungen und Kanalenx», Mittellungen der
VAWNT. 142, Teil 1, pp. 37-58, Zirich, Switzerland.

Application examples 9.17




9.18

UVP-DUO Monitor User’s Guide




10. Frequently Asked Questions (FAQ)

(All numbers are for water and 4M Hz ultrasound basic frequency unless otherwise
noted.)

10.1 Commercial features

Why is UVP-DUO Monitor delivered with 5 working frequencies?

L ow working frequencies enable measuring of higher values of on-axis velocity
component on greater distance, but at the same time decrease spatial resolution of
measurement. High working frequencies enable measuring of small details on
shorter distance, but enable measuring of smaller on-axis velocity component.
With five available measuring frequencies, it is therefore possible to optimise
measurement conditions for a given task.

Is simultaneous measurement of UVP Monitor and PIV or LDA viable?

UVP Monitor uses ultrasound, and PIV (Particle Image Velocimetry) or LDA
(Laser-Doppler Anemometry) uses light. Therefore, both methods do not interfere
with each other, and can be used simultaneously.

What is the difference between conventional ultrasonic flow meter and UVP?

Thetypical ultrasonic flow meter uses the principle of transit time of ultrasonic
pulse which is carried by the flow. It measures the time difference from the sound
speed between transmitter and receiver with some fixed distance. This method
measures an average velocity in ameasured field like a pipe so that some kind of
theoretical assumption is needed to evaluate an integral of the velocity distribution
over aflow channel. Thisrequires some strict conditions for the flow to be
measured such as an entry length upstream the measured position. On the other
hand, UV P measures the velocity profile directly so that the evaluation of integral
isdirect, requiring no strict measuring conditions. Moreover, the theoretical
assumption used for the conventional devices are normally valid for the stationary
flow. This eliminates the possibility of measuring atransient flow-rate after pump
start or valve operation. UV P can measure the velocity profile instantaneously, and
thus the transient measurement is possible and accurate.

Is there any UVP Monitor working near my lab?

Probably itis. Please call to Met-Flow, and wewill give you an address of a
reference customer near you so you could ask for his experience with UVP
Monitor.
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10.2 Transducers, US beam characteristics

Is it possible to submerge transducers into a large mixing vessel?

Yes, thisis possible. All transducers are watertight, and can be temporarily
submerged or installed into vessel as stable measurement installation.

What is maximum applicable RF voltage on transducer?

During operation, the maximum RF voltage on transducer is 150 V pp, but the
transducer can withstand 200 Vpp.

What is maximum transducer cable length?

Transducer cable carries small signals during receiving phase, and it is not
advantageous to use superfluous length of cable in environment with strong
electromagnetic interference (EMI). Without any specification transducer cable

length is4 m, but the shorter the better. Y ou can get cable length up to 10 m for the

asking when ordering, but for lengths above 4 m, Met-Flow cannot guarantee
unconditional transducer performance in environments with strong EMI.

Fewer problems are met with low transducer frequencies while one hasto be
careful with higher frequencies (4 and 8 MHz).
Is it possible to extend or shorten transducer cable?

Cableisintegrally molded into transducer, and thisiswhy it is not possible to
extend the cable. However, you can shorten the cable from the BNC connector
end.

What is ultrasonic beam divergence?

The beam divergence is determined by the ultrasound wavelength and the initial
beam size. For most working frequencies and standard transducers, beam
divergenceis approximately £2.5°. Y ou can find detailed description of beam
divergence elsewherein thisUser’s Guide.

10.3 Ultrasound, windowing function, resolution

What is the smallest distance of measurement from transducer?

It takes several microsecondsto UV P Monitor to switch from transmitting to
receiving mode. Thistime solely due to electronic switching, makes the smallest
measurabl e distance approximately 5mm from transducer face.

Is it possible to measure flow in channels smaller than 90mm?

Y es, without any problems. Measured profile can have practically any length. UVP

Monitor with software Version 3 stores any number of profile points from 10 to
2048 in each profile. Asthe measuring volume length is 0.74 mm for astandard 4
cycles pulse of 4 MHz, the smallest distance between these sampling volumeis
0.74mm for anon-overlapping configuration, and thus the smallest measurable
profilelengthisin fact 7.4 mm for 10-point profile.

When measurement on 20 mm channel is made, the number of ‘used’ points can be

only 20:0,74 = 27 points. For practical purposes, thisis more than sufficient.
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Moreover aminimum of 2 cycles per pulse can be used in case of good echo
conditions, or ahigher frequency of 8 MHz proposed by Met-Flow implying
shorter wavelength (4 cycles per 8MHz pulseis equivalent to 0.37 mm sampling
volume) can be sel ected.

What is measurement resolution and accuracy for low velocity flows?

A datalength for the velocity value is 8 bits. This means that the velocity range
resolution is 1/256 of the maximum detectabl e velocity, which can be selected by
the UVP. The best accuracy isthustheoretically 0.4%.

When the maximum detectable length is selected as 748 mm for water, the maximum
detectable velocity rangeis 17.5 cm/s which gives the minimum velocity resolution
aswell asthethreshold velocity as 0.7 mm/sec. Adding to this, there is an effect of
beam size, particle motion, etc. UV P accuracy has been investigated using arigid
body motion of water in arotating cylinder, giving overall velocity error better than
5%, and overall axial position error better than 1%.

What typical spatial resolution can be expected from UVP method?

Each single-point measurement of velocity out of the n—points profileis madeina
finite cylindrical volume, which depends on the ultrasound beam size. Its
longitudinal resolution correspondsto the burst length (0.74mm for 4 cyclesof a4
MHz USwave) whileits lateral resolution corresponds to the beam diameter and
divergence of arespective transducer.

For high spatial resolution, one should then choose a high US frequency.

What typical time resolution can we expect from UVP method?

M easuring speed of UV P Monitor depends of concrete set-up of measurement
parameters. Generally, 30 to 200 full profiles can be measured and saved every
second. Obviously, it ispossibleto slow down data collection to a desired value.

10.4 Data processing

Can measured data be accessed by other programs?
All measurement data are saved on hard disk in binary mfprof file format. This data
can be exported in many formats e.g. to Excel or other software for further post-
processing.

How many measured profiles can be saved during measurement?
Number of saved datais only limited by available space on computer hard disk.
Thisusually isjust theoretical limitation. Number of profiles, which can be saved,
istherefore practically unlimited.

Can UVP Monitor calculate turbulence power spectra?

Y es, directly from software Version 3. It can also calcul ate auto-correl ations and
cross-correlations within asingle channel and/or between two channels.

Is UVP Monitor capable of recording time history of flow?
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Yes, itis. Single measurements are recorded with frequency comparable with video
recorder rate. Such time ‘movie’ can then be played— in addition to normal
computational processing— on computer screen as‘movie’ of flow.

Moreover, in the datafile atime stamp is automatically added to each profile
measurement.

10.5 UVP applicability

Can UVP Monitor measure in air?

To measurein air or other gassesis principally impossible with UV P instrument
working with high frequency sound fields, as in those mediathe acoustic
impedance is much more smaller thanin liquid or solids. Moreover, echo would be
generally very weak.

Can UVP Monitor measure in liguids containing bubbles?

Asfar as bubbles are small in comparison with ultrasound beam diameter, bubbles
form very good ultrasound scattering centres. If the concentration of bubblesis
too high, there occurs a multiple reflection of ultrasound pulse among these
bubbles and obtained profile might not be correct.

What happens when ultrasonic beam hits liquid’s free surface?

In such case, measured profile extends up to the liquid surface, and measurement
points above surface are missing. This effect can also be used for surfacelevel
measurement. It should be noted however that areflection from the surface
returning to the transducer might destroy, under certain circumstances, the
measured profile. Such returning occurs randomly depending on the condition of
the free surface.

Can UVP Monitor measure flow-rate?

In case of circular pipe or square channel, it can, through a geometric integration of
the velocity profile. If beam incident angle and pipe diameter/ channel width are
known, then UV P Monitor can recal culate measured profile directly to through-
flow. Thisistrueif the flow iswell developed at the measuring position.

Comparative tests have been made with aweight tank calibration system in water,
providing error rate from 0.18 % to 0.59 %. M easurement repeatability was also
very good.

Is it possible to measure molten chocolate flow?
Y es, this has already been tested, but measuring distance is strongly decreased.

UVP Monitor can also measure in mayonnaise, ketchup, paper pulp, toothpaste,
ferromagnetic fluid, glycerol, oil and petrol, and in other liquids and pastes.

What is the thickest suspension measurable by UVP Monitor?

Usually itis 10-15% of solid particles. Sometimes even thicker suspensions can be
successfully measured, but experimental testing should be mandatory as the
correct answer really depends on material, size, depth to be measured, etc.

How is it possible to measure sound velocity in measured media?
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If we do not know sound velocity in measured media, it is easy to calibrate. Usea
vessel of known size, and place transducer perpendicular to the wall. In program,
iteratively change speed of sound aslong as measured reflection from the wall
correspondsto the real distance from transducer front face to wall. Then the speed
of sound is set up correctly. Using oscilloscope and observing the echo gives
better and more accurate results.

Can UVP Monitor measure turbulence of flowing liquid?

Y es, thisis being performed automatically. Profile measurements are being done
repeatedly, results are calculated by local averaging, and at the sametime RMS,
variance, flatness and curtosis are calculated as well. Results are available as graph
across al channels and asatable.

What is the influence of high temperature of the fluid on measurement?

The temperature has an effect on the sound velocity. If the speed of sound in the
fluid has a strong dependence on the temperature, it has to be corrected. From the
practical point of view, the temperature of the fluid affects the condition of
mounting atransducer. The present ‘ standard’ transducers have the maximum
operating temperature of 60°C. If the temperature is higher than this at the place
where the transducer is mounted, special care hasto be taken, or special high-
temperature transducers up to 150°C used.

More importantly, in application of UV P to high-temperature flow fields, it is not
the temperature level which might form a problem, but temperature gradient in the
fluid. The temperature gradient has an influence on propagation of ultrasound.
Ultrasound beam can be bent or reflected alittle, unless the beam direction is
normal to the temperature gradient. Clearly, UVP can measure velocity profile as
long asthe liquid includes reflectors, but the position of the velocity profile could
be distorted alittle.

Until now, UVP has been used in water with temperature difference of ca. 30°C per
10 cm, and no significant influence on measurement has been found.

Can the UVP be applied to liquid-gas two-phase flows?

Ultrasound is almost 100% reflected at the interface between liquid and gas,
namely gas bubbles. However, the beam size of the ultrasound isrelatively large so
that if the void fraction of the flow islow and flow regimeis nearly dispersed flow
where the size of the bubble is smaller than the beam size, the gas bubbl es play the
role of areflector and avelocity profile can be well obtained. However, if the void
fraction is larger than that for dispersed flow, like chunk flow or annular flow, UVP
can only measure the velocity profile for the liquid part (such asliquid film for the
annular flow) between the transducer and any large bubbles.

10.6 Test medium, through-the-wall measurement

In what kind of fluids can the UVP be used?
The present model of UV P has been developed for flow in such liquids as:

Water

Organic liquids: Freon, Petroleum

Liquid metals: Mercury, Lead-Bismuth-Eutectic
Ferromagnetic liquid
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Polymeric fluid
Food materials: Mayonnaise, Ketchup, Coffee, etc.

How is it possible to measure flow in vessel or pipe through the wall?

Some combinations of wall material and liquid are well suited, some not so well
suited. The decisive factor is ‘ acoustic impedance’ of wall and liquid. (Acoustic
impedanceis product of density and sound velocity of material.) If acoustic
impedance of wall material and liquid are at least similar, through-the-wall
measurement is usually possible without significant problems.

In principle, wall acoustic impedance should not be more than twice to three times
test liquid impedance.

What kind of materials can be used for the container wall on which a transducer is
fixed?

Generally, the ultrasound is reflected at the interface where acoustic impedance
(density x sound speed) changes discontinuously. Thus, when the transducer is
set outside the container wall for non-invasive measurement, a combination of
liquid and wall islimited asfollows:

Water (1.48 MRay) — Plexiglas (3.15 MRay), PVC (3.27 MRay), thin glass
(12 MRay)

Freon (1.12 MRay) — thin glass (12 MRay)

Mercury (19.6 MRay) — Aluminium (17.3 MRay), Stainless Stedl (45.7 MRay)
Pb-Bi Eutectic (~20 MRay) — Aluminium (17.3 MRay)

Petroleum based ferromagnetic liquid (~1.4 MRay)- Plexiglas (3.15 MRay)
Water based thin slurry (1.48 MRay) — Plexiglas (3.15 MRay)

The following combinations need careful consideration:

Water (1.48 MRay) — Metal (20 — 50 MRay)
Mercury (19.6 MRay) — Glass (12 MRay)

How can the possibility of measurement in certain media be tested?

The easiest method isthe following: fill abeer bottle with test liquid. Then sink
transducer into the liquid and pull it out repeatedly. If measurement is acoustically
possible, on UVP Monitor screen you will see profile movement corresponding to
the transducer movement.

Does there exist any medium impossible to measure with UVP Monitor?

Y es. For example in collagen, measurement isimpossible. Thanksto its fibrous
structure, colagen features very high absorption of ultrasound so no echoes return
to transducer. There exist more medialike this. Ultrasound measurement in very
high absorption mediaisimpossible.

How can | measure water flow in relatively thick cast iron pipe?

It isnot practical to transmit ultrasound through a cast iron wall (which acoustic
impedance is about 30 times the one of water) into water, since the interface would
largely reflect incident pulses.

In most cases, it is preferableto drill asmall 8mm diameter port into the pipe

(4 MHz transducer with 5 mm active diameter) and insert transducer into a pipe
flush withitsinner surface. The transducer can be sealed with an O-ring. This
removes al problemswith wall impedance.
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10.7 Seeding

What should be the size of the reflecting particle (seeding)?

To generate a significant echo a particle should have a diameter at least equal to
the quarter of the ultrasound beam wavelength (i.e. for 4 MHz in water aminimum
of 93 nm of diameter isrequired).

On the other hand, it is known that a particle as areflector follows the flow motion
faithfully, when the density is nearly equal to the fluid itself and the sizeis smaller
than 100 mm (in water). From these facts, the particle is expected to be larger asa
reflector and at the same time to be smaller asatracer.

What should the reflecting particle be? — Particle concentration

Ideally, the reflecting particle should have as different acoustic impedance from the
measured liquid, as possible (or as practical). Since the reflecting particle sizeis
usually much smaller than the ultrasound wavelength, signal isformed by
reflections from many particles, and measured profileis affected by its
concentration. When concentration of particlesis smaller, some points of profile
may not be measured during asingle US pulse. This does not mean that the
accuracy in velocity value becomes lower, but that the instantaneous profile has
some points missing. These points have zero value because of no reflection, or are
set to zero by the algorithm when too weak areflection is detected. When the UVP
isto be applied to a configuration with low concentration of particles, the average
velocity profile can be reconstructed from many profiles stored on adisk file. This
can been successfully done for the stationary flow.

Is natural particle contamination of water sufficient for measurement?

Usually natural particle contamination of water is sufficient for UVP Monitor
measurement. If mediaisvery clean or if you want to improve measurement, it is
possible to introduce tracing particles. A little mud in hydraulic models or stirring
of bottom slurry is usually enough. Other particles (hollow glass spheres, nylon or
polystyrene powder) can be used aswell.

10.8 Hardware

Is it possible to synchronise UVP Monitor with external events?

UVP-DUO Monitor features synchronisation input for TTL-level synchronisation
(0-5V, min. 20 ns), and with different modes of triggering. This enables to
synchronise measurements of periodic flows (e.g. piston pumps), or to measure
transient events (e.g. valve opening).

Can UVP-DUO Monitor use external display?

UVP-DUO does not have any display of itsown, so it uses host computer display
only. The size of such display only depends on used host computer.
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12. Appendix: Software demonstration
version

12.1 Demo software features

For demonstration purposes, the software Version 3 also existsin * Demonstration’
version. Thisisaversion of software, which retains most of software features, and
enables to a customer to get acquinted with software. However, some of the
software features are disabled, so the software cannot be used for serious work.

Special ‘demo’ featuresinclude:

. Software does not read files. It ‘reads’ only several examplefiles, which are
supplied with the demo.

. Software does not savefiles.

- Software does not acquire datafrom UVP-DUQO Monitor; instead, it uses
internal emulator to produce artificial datafor demonstration of data
acquisition. Therefore, the ‘ Instrument Address...’ dialog for setting up
TCP/IP addressis missing.

- Software does not use any software key, and can be copied and used free of
charge (someformal limitations cited in Software Licence apply).

All other software features are fully unctional. Demo software functioning istime-
unlimited.

At present, the following demo files are supplied with the Demo:

Direct flow.mfprd — Thisis ameasurement file of direct flow with very low
turbulence (around 1%). Good quality of signal, with the exception of the first
several channels, where difficulties of near-field measurement, together with wall
effects show.

Cyclicmfprof — Thisis an example of forwards-backwards oscillating 'piston’ flow.
Piston action starts only after Profile 110. Do not forget to run Profile 'movi€’. Since
the flow has very distinct periodic content, it iswell suitable for demonstration of
frequency characteristics and correlations.

Taylor -Couettemfprof — This file demonstrates longitudinal vortice cylinders
found in Taylor-Couette flows. Thisiswhy Profiles show waves while Time series
are almost constant in time. Thereis no frequency content to speak of, since
correlation and power spectrum compute along time axis.

FlowMap.mfprof — This file demonstrates non-perpendicul ar Flow mapping with six
transducers. Please keep in mind that during Flow mapping Time series and Profile
window switch to different transducers according to Multiplexer parameters. For
observation of results, open the Flow map window.

In later demo software versions, supplied files can change without notice.

12.2 Demo software installation

Demo software Version 3 is supplied on aCD disk. It can be installed on almost
any Win32 operating system (Windows 98, ME, NT4, 2000, XP). Windows 95 are
not supported.

Insert CD into CD drive, and from Explorer double-click the Setup file. Follow on-
line instructions of Installation wizard.
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To start Demo software, click Sart | Programs | UVP Demo.

12.3 Removing demo software

To remove Demo software from your computer, click Sart | Sgtings| Control Pandl.
When Control Panel window opens, double-click Add/Remove Programs. Select the
item UVP-DUO Demo Software, and click Add/Remove. .. button. The software will
be completely removed from your computer.

Installation and removal of UVP-DUO demo software does not leave any files on
your computer.

Demo software can be repeatedly installed and removed on the same computer.
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13. Appendix: Formulas used in software

13.1 Flow rate

Here formulas not described in other chapters are given.

Symbol Unit Description
P, mé/s Parallel flow rate
P, m/s Circular flow rate
de, m Channel distance
Vs, m/s Axisvelocity of i-channel
first - Number of first valid channel
last - Number of last valid channel

Parallel flow rate

a) a =90 ° :
last
_ o
Pp - dch a. Vaxisi
i=first
b) & <90 °
last
_ cosa o
F)p - dch . a Vaxisi
SNa& g

Circular flow rate

a) a :900:
last .
_ 2 9 . first tlast
Pc - pdch a. Vaxis| I- 2 ‘
i= first
b) a<90°.
~|d,, cosa)? = first +last
PC _p — aXiS‘ -
sna i = first 2
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13.2 Flow mapping

Symbol Unit Description
X, X, m X - coordinate
Y1 Y, m y - coordinate
Xppr X5 m x - coordinate of transducer front face center
Yir Yoo m y - coordinate of transducer front face center
Y.y, ° Transducer axis azimuth
d,.d, m Distance from transducer front face
V), V, m/s Velocity on transducer axisin acrossing point
v, m/s X - component of velocity
v, m/s y - component of velocity

AXxis 1 definition:

AXxis 2 definition:

X, =X, td cosy,

yl = yP1+dls.n yl

X, = X,, t+d,cosy ,

Y, =yP2+dzsny2

Distances d; and d, of crossing point of axes 1 and 2:

- (XPl - sz)Siny 2 (yPl - Ylecosy 2

d,

d,

Sin[yl' yz)

— (yPl- sz)COSy 2+[XP1 B XPz)Sinyz

Sin(yl 'y2J

Calculation of velocity x-component and y-component from velocity projection
into axis1 and 2:

Vx = Cxlvl +Cx2V2

V, =C,V; +C,V,

Where
c sny , _g§ny,
0 dny, -y, X2 sin{)_/l—y2
cosy , o —._Co¥y,
7 dnly,-y, 2 dnly, -y,
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14. Appendix:

Format of Data File (*.mfprof)

Datafile consists of :

1. FileHeader

2. Profiles

3. Measurement parameters

File Header
Type Variable name Description
char[64] signum 64-symbol file type signature. In the current version it is“Met-
Flow UVP Monitor\n4\n"
Comment: \n is asymbol for end of line, hexadecimal OxOA
uUint64 measParamsOffset 64-bit number giving position of beginning of measurement
parameters
UInt32 nProfiles Number of profiles saved in thefile
UInt32 reservedl Always 0
UInt32 flags Flags, at present only bit 0 (0x0001) isin use. If thisflag is set (=1),
Profiles also include amplitude.
UInt32 recordSize Size of datain asingle profile
UlInt32 nChannels Number of pointsin aprofile
UInt32 reserved?2 Always 0
Uint64 startTime Time of measurement start (first profile) in the format FILETIME
(Win32) structure (The FILETIME structure is a 64-bit value
representing the number of 100-nanosecond increments since
January 1, 1601 (UTC).)
Profiles
Profiles follow immediately after File Header. File consists of nProfiles profiles. If
flags& 0x0001 is non-zero, then the profile also includes amplitude data. Each
profile consists of:
1. Profile Header
2. Doppler Data
3. AmplitudeData (optionally — see flags file header variable).
Profile Header
Type Variable name Description
Ulnt32 status Always 0
Ulnt32 transducer Transducer number
Ulnt64 profileTime Time of measurement of the profilein 100-nanosecond increments
since first profile (startTime file header variable)

Doppler Data
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Doppler Data block containsnChannels Int16 Doppler values received from UV P
hardware.

Amplitude Data

Amplitude Data block containsnChannels Int16 amplitude values received from
UVP hardware.

Measurement parameters

M easurement parameters are stored at measParamsOffset position. M easurement
parameters are saved in text form. Values of parameters are saved in aform:
parameter name=parameter value. Each parameter is given in oneline. In case of
text values including more lines, at the end of line (with the exception of the last
line) asymbol '\' is added. E.g. comment including two lines

Piston action starts only after Profile 110.
will be saved as

Comment=An example of forwards-backwards oscillating 'piston’ flow.\
Piston action starts only after Profile 110.

M easurement parameters consist of two blocks:

1. UVP parameters, and
2. Mutex parameters.

UVP parameters:
These begin with aline"[UVP_PARAMETER]", and contain (in any sequence):

L abel Typeused in| Namein adialog Description
UVP

Frequency UlInt32 Frequency

StartChannel double Start

ChannelDistance double Channel distance

Channel Width double Channel width

M aximumDepth double Maximum depth

SoundSpeed Ulnt32 Sound speed

Angle double Angle

GainStart UInt32 Gain start

GainEnd Ulnt32 Gain end

Voltage Ulnt32 Voltage

Iterations Ulnt32 # of repetitions

NoiseL evel UInt32 Noise filter

CyclesPerPul se UInt32 # of cycles

TriggerMode Ulnt32 Trigger (index)

TriggerModeName string Trigger (text)

ProfileL ength UInt32 # of channels

ProfilesPerBlock Ulnt32 # of samples

Blocks Ulnt32 - Always 1
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AmplitudeStored bool Read amplitude
RawDataMin int - Minimum possible value of raw
data
RawDataM ax int - Maximum possible value of raw
data
RawDataRange UlInt32 - RawDataM ax-RawDataMin+1
VelocitylnterpretingM | int - Negative=-1, normal=0,
ode positive=1
UserSampleTime bool Minimum sampling time / Specify
sampling time (flag)
SampleTime Ulnt32 Minimum sampling time / Specify
sampling time (value)
UseMultiplexer bool Multiplexer
FlowM apping bool Flow mapping
FirstValidChannel Ulnt32 Flow rate—First channel
LastValidChannel UInt32 Flow rate— L ast channel
FlowRateType Flow rate - parallel / circular Parallel=0, circular=1
PeriodEnhOffset uUint32 Period enhancement - Offset
PeriodEnhPeriod uUint32 Period enhancement - Period
PeriodEnhNCycles Ulnt32 Period enhancement - Cycles
Comment string Notes
M easurementProtocol | string -
Multiplexer parameters
These begin with aline"[MUX_PARAMETER]", and contain (in any sequence):
Label Typeused in Namein adialog Description
UVP
NumberOfCycles | UInt32 # of cycles
CycleDelay UInt32 Delay between cycles
Version Ulnt32 - Currently 2
Table - Multiplexer table Each line contains (separated by

space):

Use(0 or 1), Transducer# Samples,
Angle (or Azimuth), X pos, Y pos,
Delay, Valid from, Valid to.
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143




144

UVP-DUO Monitor User’s Guide




15. Appendix: Communication set-up

Note

Note

This Appendix describes how to set up communication and TCP/IP addresses on
UVP-DUO and host computer. Different operating systems of host computer are
considered.

UVP-DUO Monitor is equipped by Ethernet card with RJ-45 connector
(‘telephone’-like connector). It can be connected to a host PC computer, whichis
also equipped by at least one Ethernet card with RJ-45 connector. The
interconnection cableisof a‘crosswire’ type.

For connection of a computer with fixed network connector on awall, a
‘straight’ cableisused. Therefore, the usual computer-to-wall Ethernet cableis
NOT suitable for direct connection of UVP-DUO and host computer.

For beginner, it isnot suggested to connect UVP-DUOQ directly to local network
(LAN), since these networks usually use automatic assignment of | P addresses
and UVP-DUO cannot handlethis. For direct connection of UVP-DUO to LAN,
please consult your Network manager.

UVP-DUO software communicates with UVP-DUO hardware by means of TCP/IP
protocol. Parameters of TCP/IP communication are set up in Measurement |
Instrument Address | Advanced... dialog. Two parameters have to be set:

IP address and Subnet mask. (Default gateway need not befilled, sinceit is meant
for future use only.) Here two typical possibilities will be described:

- Host computer has one Ethernet card
- Host computer has two Ethernet cards.

15.1 Set-up of UVP-DUO communication with one-card PC

In this case the host computer communicates with UVP-DUO only, and is
independent on any other network.

Here Met-Flow suggests to keep UVP-DUO factory default TCP/IP communication
parameters (IP address: 192.168.0.10, Subnet mask: 255.255.255.0). Host computer
TCP/IP parameters should be set up asfollows: 1P address: 192.168.0.1, Subnet
mask: 255.255.255.0. (Default gateway need not befilled, sinceit is meant for future
useonly.)

15.2 Set-up of UVP-DUO communication with two-card PC

Warning

This setup is much more complicated, and we suggest that you leaveit up to
your Network manager or an experienced network user.

When a PC computer uses two Ethernet cards, each of them hasto work ina
different subnet. This means, that | P addresses of these cards, masked (AND) by
their subnet mask, have to differ.
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Example: If subnet mask is 255.255.255.0, |P address of each card hasto differ in thefirst
three digits. E.g., thefirst card can work with 1P address 192.168.0.xxx, and the second
card can work with IP address 192.168.1.xxx

For connection of PC computersinto LAN, automatic assignment of |P addresses
isvery often used. Ask your Network manager, which addresses can be assigned
to your Ethernet card, and which addresses you can use for the second Ethernet
card.

The UVP-Duo address has to use | P address from the same subnet, as uses the
network card, with which the UVP-DUO communicates. This means, that its IP
address, masked by a subnet mask, must be the same as | P address of host PC
network card, masked by the same mask. On the other hand, these two addresses
haveto differ in the remaining digits.

Example: If IP address of a PC network card (to which an UVP-DUOQ is connected) is
192.168.0.1, and subnet mask is 255.255.255.0, then UVP-DUO can have an address
192.168.0.10, and subnet mask 255.255.255.0 (company default).

In order to enable other PC computers from local network to communicate with
UVP-DUO through computer where UVP-DUO is connected, it is necessary to
enter into the UVP-DUO a Default gateway address of network card, to which
UVP-DUOQ is connected.

At the same time a computer from local network, which intends to communicate
with UVP-DUO, hasto have a possibility to access the subnet UV P-DUO — host
PC computer.

If local network isformed by computers with fixed IP addresses only, then a
computer wishing to communicate with UVP-DUO, must add an address of UV P-
DUO host computer (i.e. address of a network card, through which a host
computer is connected to local network) into Default gateways.

Nevertheless, typical local networks use automatic IP address assignment. Thisis
why you should leave accessing of UVP-DUO from other LAN computers up to
your Network manager.

15.3 Automatic setup of UVP-DUO's TCP/IP address

UVP-DUO software Version 3 provides asmall utility program for automatic set up
of UVP-DUO TCP/IP address. In order to do this, it is necessary to interconnect
the COM port of UVP-DUO with its host computer COM port by a*“null-modem
cable" (the same cable asis used for connection of computers for “Direct cable
connection“).

In order to execute an automatic setup of UVP-DUQO’s TCP/IP, proceed as follows.
In the main menu of Software Version 3 select Measurement | Instrument Address.

L1UVP - [Profile O graph]
I File  Edit Wiew
= = ir

4 p — J— Test Measurement Parameters, .,
Start Measurement. ..

window  Help

Figure 108 — Setting up of Instrument address

152 UVP-DUO Monitor User’s Guide




A dialog “Ingrument Address* opens:

Instrument Address ['5_<|

0k
" Local ingturment
[+ Bemate instrument Cancel

TCPAR address: [192.168.0.10

Figure 109 — Dialog Instrument address

Click the“ Advanced...” button. A dialog“ Advanced Instrument Sgttings’ opens:

Advanced Instrument Settings E|

IFP address:
|192.1sa.u.1u

Subret mazk:

|255.255.255.c| Close

Gateway

|192.1EB.EI.1

Figure 110 — Advanced Instrument Sgttings

Fill-in 1P address and Subnet mask, and click the“ Save...” button. A dialog
“ Choose Commport” opens:

Choose Comm Port

Figure 111 — Choose Comm Port dialog

Select an appropriate COM port of a host computer, where the null modem cableis
connected, and click <OK> button. Thiswill transfer the set TCP/IP parameters
into UVP-DUO.

By clicking a“ Read” button you can read TCP/IP setup from UVP/DUO and make
sure that the parameters are set correctly.
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15.4 Host PC computer TCP/IP setup

15.4.1 Windows 98/ME operating system
In a Sartmenu select the “ Sattings | Control Panel” item, see Figure below.

Windows Update

Programs 4

Favortes 4

Lo [/ [ @

Diocuments L4

Printers
a Taskbar & Start Merw. .
@] Folder Optionz. ..

Windows Lpdate. ..

Log Off Jarda...

&% e
&

Shut Down...

IIfH @& i |J 5] Clipboard Viewer

1| Windows98

Figure 112 — How to open Control pand window in 98/ME

A “Control Pand” window opens.

E3 Control Panel _ O]

J File  Edit “iew Go Favorter Help

Jq-,-r,@‘% 5 5

et Fariaand Lp

Cut Copy Fazte

‘ 3

Jﬂgdress I@ Control Panel j
G
|ntermet Fevboard Modems
Control Dptiors
Panel s
Network M ouze Multirnedia
Configures .
network
hardware
and
software. «| ODEC Data_ Pazswords Fower
4| I 5 Sources [32bit) kM anagement LI
| |§ My Computer 7

Figure 113 — Control pand window in 98/ME

154

UVP-DUO Monitor User’s Guide




In Control pand window, double-click the “Network” icon. A Network setup dialog
opens.

Metwork EH |

Configuration | Identificatiunl Arccess D:untrull

The following network: components are inzstalled:

[ Internet Connection Sharing [protocol] -» SMC EtherCard E;!
& TCPAP -+ Intermet Connection Sharing

Y TCRAP -» Micronet SP2500R Fast Ethernet Adapter

% TCPAP -+ SMC EtherCard Elite6 Ula (8216, 8216C, 821
File and printer zharing for Microzoft Nebworks -
1| | 3

Add... | Remaowe

Prirmary Metwork, Logon:
Client for Microsoft Metworks j

File and Print Sharing... |

Dezcriphion

TCR/P iz the protocol you uze to connect ta the Internet and
wide-area network z.

0k Cancel

Figure 114 — Network dialog with tabsin 98/ME

Inthe “Network” dialog, select the “ Configuration” tab and the “ TCP/IP —> XX X"
item, where XXX is description of anetwork card, where UVP-DUO is connected.
Then click the “ Properties...” button. A dialog“ TCP/IP Properties” opens.
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Bindirigs | Advanced | MetBI0S |
DMS Configuration I Gateway I WANS Configuration P Address

TCFP/IP Properties

An P addrezz can be automatically aszigned to thiz computer.
I pour network, does not automatically azzign IF addreszes, azk
wour nebwork adminiztrator for an address, and then bepe it in

the zpace below,

" Obtain an IP address automatically

—% Speciiv an IP address:

IPéddiess  [192.168. 0 . 1 |

SubnetMask:  |255.255.255. 0 |

OF. I Cancel |

Figure 115 — TCP/IP Properties dialog in 98/ME

In the “ TCP/IP Properties” dialog, select an “IP Address’ tab, and click the “ Soecify
an IP address’. Then enter the I P address and Subnet mask. Then close all opened

network setup sialogs by clicking <OK>.

15.4.2 Windows NT 4 operating system
In“Sart’” menu, select a“ Satings| Control Pand” item.

Programs
'i&? Documents

11

=
[
1

Figure 116 — How to open a Control panel window in NT 4
A “Control Pand” window opens.
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B3 Control Panel | [O] x]
File Edit “iew Help

&
]

a . 5
Add/Remove Congole Date/Time
Programs

Dizplay

@f

Fonts Internet K.eyboard

© iJ
=
o
[b]

‘U
o)

[y

o

=R

F 1Y (@ il

M ultimedia Printers

9

[FCHCIA)

Regional SC51 Adapters Server Semrvices Sounds
Settings
“i! = gg
Swstem Tape Devices  Telephony UPS
| Camfigures network hardware and software o

Figure 117 — Control panel windowin NT 4

In Control panel window, double-click the “Network” icon. A Network setup dialog
opens.

Network HE

Identifization I Services  Protocols | Adapters I Bindings I

Metwork, Protocols:

W~ TCPAP Protocol
Add. Remaove i Edate
— Description:
Tranzport Control Protocal/nternet Protocal. The default wide
area network. protocol that provides communication across
diverze interconnected networks.

ak. Cancel

Figure 118 — Network dialog with tabsin NT 4
In the “Network” dialog, select the “Protocols” tab.
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If alist of “Network Protocols” does not include the TCP/IP protocal, it is necessary

toinstall it by clicking an “Add...” button. A new dialog “ Select New Protocol”
opens.

Select Metwork Protocol EE

Click the Metwork Protocol that pou want to install, then click O, 1f
=\‘6= you have an installation disk for thiz component, click Hawve Dizk.

Metwark Pratocaol:

% MetBEUI Protocal =]
U NwLink IF#/5F% Compatible Transpart

T~ Point To Point Tunneling Pratocol

W Streams Ervironment

-

Hawe Digk... |

ak. I Cancel i

Figure 119 — SHect Network Protocol dialogin NT 4

In the “ SHect Network Protocal” dialog, select the “ TCP/IP Protocol” item, and click

the <OK> button. Thiswill return you to the “Network” dialog, where the “ TCP/IP
Protocol” should already be added to the protocol list.

Now in “Network Protocols” dialog, select the “ TCP/IP Pratocol” and click button

“Properties”. A dialog “Microsoft TCP/IP Properties’ opens. Select the tab
“1P Address’.

Microzoft TCP/IP Properties EB

IP Address | DNS | wiNS Address | Routing |

A P address can be automatically azzigned to thiz nebwork, card
by a DHCP server. [ wour nebwork, does not have a DHCP server,

aszk your network, administrator for an addresz, and then tepe it in
the zpace below.

" Dbtain an IP address from a DHCP server

& Specify an P address

IP Address: [192 1883 0 1

SubretMask:  |255 255 255 .0

Drefault G ateway: I

Advanced... I
k. l Cancel | Applhy I

Figure 120 — MSTCP/IP Propertiesdialog in NT 4
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In combo box “ Adapter” select a network card, to which aUVP-DUO is connected.
Then select an item “ Soecify an IP Address’ and enter | P address and Subnet mask.
Itisnot necessary to fill in Default gateway. Then close all opened network setup

dialogs by clicking respective <OK> buttons.

15.4.3 Windows 2000 operating system

In“Start” menu, select “ Settings | Network and Dial-up Connections’:

2y windows Update
@ Moy dokument Office
lﬁ Okevilt dokument OFfice

Programs
@ Docurnents
R’r Settings

@ Search

& Hep

ﬂ Rur...

Shut Dawn, ..

: H m ﬁ |‘.;§| |J mclipﬁnukh‘iewer

Figure 121 — How to open a Network and Dial-up Connectionsin 2000

A window “Network and Dial-up Connections’ opens. Select an icon of local area
connection, belonging to the network card where UVP-DUOQ is connected. Then in

menu select “ File| Properties”:

(3 Network and Dial-up Connections =100
J File Edt Wiew Favorites Tools Advanced Help
J Disable (@isearch LY Folders £ HHistory | BExo | EH-
o Status
J ial-up Connections j ({'{) G0
—  Mew Connection, ..
L : E

CrEAte oy =] S L ol

Create Shartout Make New  Local Area  [EEREIRTER]

a|- Conneckion  Connection  pelelplyt=telelyles

Dielete

Rename

Properties

Close
@‘ Displays the properties of the selected items, A

Figure 122 — Network and Dial-up Connectionsin 2000
A dialog “Local Area Connection Properties” opens:
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Local Area Connection 2 Properties e
General I Sharingl

Connect uzing:

| B SMC EtherCard Elite16 Ultra (8216, B216C, 8216T)

Lanfigure |

Components checked are uzed by this connechion:

Client for Microzoft Network z

File and Printer Sharing for Microsoft Metworks
W Internet Pratacol [TCRAP)

Irztall... Urinztall

— Description

Trangmizzion Control Protocal/lnternet Protocol. The default
wide area netwark pratocal that provides communication
acrozz diverze interconnected networks,

[ Show icon in taskbar when connected

(]:4 Cancel |

Figure 123 — Local Area Connection Propertiesin 2000

In“Local Area Connection Properties” dial og, select the “Internet Protocol (TCP/IP)”
item, and click the “Properties...” button. A dialog opens:

21|

General |

You can get 1P settings assigned automatically if your netwark, supports

thiz capability. Otherwize, you need to ask wour network administrator for
the appropriate P settings.

£~ [Obtain an |P address automatically
—{*" Lze the following IP addiess:
IP address:

{122 168, 0 . 1

Subnet mask: I 2588 265 . 286 . O

CDiefault gatevaay: I

€ ([btain DNS server address automatically

—1* se the following DNS server addresses:

Freferred DMNS zerver: I

Alternate DMS zerver I

Adwanced... |
ak I Cahizel |

Figure 124 — Internet Protocol (TCP/IP) Properties dialog in 2000
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In the “ Internet Protocol (TCP/IP) Properties” dialog, select the “ Usethefollowing IP
address’” and enter the desired | P address and Subnet mask. It is not necessary to
enter Default gateway. After this, close all open network setup windows by
clicking their respective <OK> buttons.

15.4.4 Windows XP operating system
In“Start” menu. select the “ Connect To | Show all connections’ item.

'\v Tour Windows %P —
-"'5 Conneck To 3 | 23 Eurakel
s | Files and Settings Transfer - ‘ i
& Wizard e [SDM Wolny
-
LY

J‘.__\é Printers and Faxes

Show all connections

9) Help and Support

All Programs D

@| Lag CFF |§| Turm &

£ ClipBook Yiewer

2 start

Figure 125 — How to open Show all connectionsdialog in XP

A window “Network Connections” opens. Select and highlight an icon of local
areaconnectionin “LAN or High-Speed Internet” section, which belongsto the
network card where UVP-DUQ is connected. Then select from menu “File |
Properties’ item:

"= Network Connections

FEN Edit  Wiew Favoribes  Tools  Adwanced  Help

Disable =
[ (== £

SkakLs ] 7 Search [ Folders
F.epair a

b B
Mew Connection... # i m‘ ESS Superlink-M Data Fax Mo, &
Mebwork Setup 'Wizard.., I -
Create Copy Incoming

Create Shortcuk

Delete _ Incoming Connections
B - Mo dlients connecked
Renarme |

Froperties

LAN or Higb—SPeed Internet

ocal Area Connection

& View status of this
conneckion

Change settings of this
conneckion B’

£

Figure 126 — Network properties sdectionin XP

Inthe “Properties” dialog of the selected connection, select the “ General” tab and
the “ Internet Protocol (TCP/IP)” item. Then click the “Properties” button.
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- Local Area Connection Properties

General | Authentication | Advanced |

Connect using:

I BE Realtek RTLE139/810 Family Fast Ethemet MIC |

Thiz connection uzes the follawing items:

% Cliert for Microsoft Mebworks

.@ File and Printer Sharing for Microsoft Metwark.s
v QQDS Packet Scheduler

S Internet Protocal [TCR/IF)

Install... Urinztal

Dezcription

Tranzmiszion Control Protocol/Internet Pratocal. The default
wide area network, protocal that provides cormmunication
acrozz diverse interconnected nebworks,

Show icon in notification area when connected

[ Ok ] [ Cancel

Figure 127 — Local Area Connection Propertiesin XP

Clicking the “Properties’ button opens an “Internet Protocol (TCP/IP) Properties’
dialog:

Internet Protocol (TCP/IP) Properties

General |

Y'ou can get IP settings azsighed autarmatically if your network, supparts
thiz capability, Otherwize, you need to ask your network. administrator for
the appropriate [P settings.

(7 Obtain an IP address automatically
() Uge the following |P address:

P address: |h92.188. 0 . 1 |

Subnet mask; | 255 . 255 .255. 0 |

Default gateway: i ; ; ; |

() Uze the following DMS server addresses:
Preferred DMS zerver: | . . . |

Alternate DNS zerver | y : . |

I 0K H Cancel ]

Figure 128 — Internet Protocol (TCP/IP) Propertiesdialog in XP
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In the “ Internet Protocol (TCP/IP) Properties” dial og, select the “ Usethefallowing IP

address’ item, and enter adesired |P address and a Subnet mask. It is not

necessary to enter any Default gateway address. Then close all opened network

set-up dialogs by clicking their respective <OK> buttons.
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16. Appendix: Sound velocity in water

Asisgenerally known, sound velocity in water isafunction of temperature,
salinity and pressure. The following routine in C++ takes these input parameters,
and calculates the resulting sound velocity.

For sweet water enter zero salinity. For atmospheric pressure, enter zero pressure.

#i ncl ude <stdaf x. h>

#i ncl ude <mat h. h>

/* */
/* */
/* Function: Get SoundSpeed( S, T, PO) */
/* */
/* It cal cul ates sound speed in sea water. */
/* */
/* | nput paraneters: */
/* S - Salinity PSS-78 */
/* T - Tenperature in degrees C */
[* PO - Pressure in decibars */
[ * Cut put val ue: */
/* SVEL - Speed in meters/second */
/* */
/* Ref erence: Chen and M Ilero, 1977, JASA 62,1129-1135 */
/* */
/* Checkval ue: SVEL=1731.995 M'S, S=40 (PSS-78), T=40 DEG C, P=10000 Dbar*/
/* */
/* */
/* * |

doubl e Get SoundSpeed(doubl e S, doubl e T, doubl e PO)

{

doubl e P = PO/ 10;

doubl e sr = sqrt(fabs(9));

double d = 1.727E-3 - 7.9836E- 6*P;

double bl = 7.3637E-5 + 1. 7945E-7*T,;

double b0 = -1.922E-2 - 4.42E-5*T,;

double b = b0 + bl*P;

double a3 = (-3.389E-13*T + 6.649E-12)*T + 1. 100E- 10;

double a2 = ((7.988E-12*T - 1.6002E-10)*T + 9.1041E-9)*T - 3. 9064E-7;

double al = (((-2.0122E-10*T + 1.0507E-8)*T - 6.4885E-8)*T
- 1.2580E-5)*T + 9. 4742E-5;

double a0 = (((-3.21E-8*T + 2.006E-6)*T + 7.164E-5)*T - 1.262E-2)*T
+ 1. 389;

doubl e a = ((a3*P + a2)*P + al)*P + a0;

double ¢3 = (-2.3643E-12*T + 3.8504E-10)*T - 9. 7729E-9;

double c2 = (((1.0405E-12*T - 2.5335E-10)*T + 2.5974E-8)*T
- 1.7107E-6)*T + 3. 1260E- 5;

double c1 = (((-6.1185E-10*T + 1.3621E-7)*T - 8.1788E-6)*T
+ 6.8982E-4)*T + 0.153563;

double cO = ((((3.21464E-9*T - 1.47800E-6)*T + 3.3420E-4)*T

- 5.80852E-2)*T + 5.03711)*T + 1402. 388;
doubl e ¢ = ((c3*P + c2)*P + c1)*P + cO0;
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double svel = c + (a + b*sr + d*S)*S;

return svel;
} /1 Get SoundSpeed(doubl e, doubl e, doubl e)
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17. Appendix:
Electromagnetic compatibility certificate

UVP-DUO-PSI hardware underwent rigorous electromagnetic compatibility testing
inthe EMC - TESTCENTER ZURICH AG, resulting in granting of the CE label. It
complies with rigorous Standards for the following areas:

Conducted emission

Radiated emission

Harmonics emission

Voltage fluctuation and flicker

Electrostatic discharge immunity

Radiated el ectromagnetic field immunity

Burst immunity

Surge immunity

Conducted disturbances immunity

Voltage variations, dips, interruptions immunity.

In plain language, this means that your UVP-DUO will not disturb other
instruments, and will not be disturbed by other instruments as well.

A short five-page digest from long (43 pages) test report is published here. In
case of interest, please contact Met-Flow for the full report.
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7T\ "
I ) emc testcenter.zurich.ag
\ -7

Acereciited accoroling o EN L5007 /180 8002 by
Swigs Acoreoitanon Sarvipe / melas
Rexpistration muwnber 034

EMC-TESTEENTER FURICH AG
Sohaiffhausersirasss 5850
Fositach £68

CH-Ea52 Tl

Swizenand

Tolefon  +41 1 302 4500
Telfar  »41 1 302 5544
email  info@Peme-testcenter. com

Fulvrad WHW.STIC-IOSICEMern com

TEST REPORT EMC 040/ 02
DATE OF ISSUE 04.06.2002

TEST OF UVP-Duo

CLIENT Finter Engineering

CH-8272 Ermatingen

SCHWEIZERISCHER PRUEFSTELLENDIENST
SERVICE SUISSE D'ESSAI

SERVIZIO D1 PROVA IN SVIZZERA

SWISS TESTING SERVICE

This report shall not be reproduced except in full without the written approval of the
testing laboratory.

The results in this report apply only to the sample{s) tested, if technical changes on the
sample(s) are parformed later a retest shall be necassary.

Jﬂw. ||.r.sua Date: 04.06.02 EMG 040 / 02 Page 1 of 47
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)

)l emc testcenter.zirich.ag

Ti R A I

Test performed by; Wax Hunziker 22.05.02
Mame Sigratung Date

Test repont reviewad by Armin Frai 04.08.02
Mame Sigrature Daig

Test repornt approved Dy: Max Hunzikar 06.06.02
Marng Sigrraturg LHate

Test Site

¥ Anechoic chamber / Faraday room

O Free-field test site 3m / 10m

Test period

Equipment to be tested received on 22.05.2002

Tests were performed on 22.05.2002

Tests performed and witnessing:

[ Radiated emission : Mr. Pinter

[® Conducted emission : Mr. Pinter

E Harmonics : Mr. Finter

[ Voltage variations,dips,inferruptions : Mr. Pinter

[E Voltage fluctuations and flicker = Mr. Pinter

E Conducted immunity . Mr. Pinter

[®] Electrostatic discharge immunity - Mr. Pinter

X Radiated field immunity o Mr. Pintar

[ Fast transient immunity, Burst @ Mr. Pinter

[F Slow transient immunity, Surge  © Mr, Pinter

| Rev. | tssue Date: 04.06.02 | EMG 040 / 02 Page 2 of 47
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o

SECTION & SUMMARY OF TEST RESULTS

6.1

Emission Test Summary

6.1.1 Normative Test Summary

Standard Test description Level, Remarks Result| Test Mo.
EMN 55022 Conducted Emission Class B c 1
EM 55022 Radiated Emission Class B & 2
ENG1000-3 -2 |Harmonics Class A c 3
EME1000- 3 - 3 |Voltage fuctuation and ficker Figure 3- 7 G 4
Results: C Cormplied

MG [¥id not comply

WU Within measurament uncartainties

MA Mot applicable

MP Mot performed

£.1.2 Result

Cond Emissi

)l emc testcenter.zdrich.ag

In the configuration tested, the E.U.T. complied with the requiremants of the specification.

Ragiated Emiss|

In the configuration tested, the E.LL.T, complied with the requirements of the specification.

Harmonics

Iri the tested configuration the E. U. T. complied with the requirements of the specification.

W i il icker

In the tested configuration the E. L. T. complied with the requirements of the specification.

lﬂeq.r.

||s.aw Date; 04.06.02

EMG 040/ 02
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6.2

—

Y

[l

Immunity Test Summary

6.2.1 Mormative Test Summary

I emc testcenter.zlrich.ag

Standard Test description Level, Remarks Result| Test No.
EM &1000-4-2 Elecinostatic discharge 4k CDv B kv AD [ 5
EM 61000-4-3  (Radated ff elactromagneic fieid 10 Vim c ]
EN 81000-4-4 Burst immunity best 1/ 2RV G 7
EN &1000-4-5 Sume immunity test 1kY sym./2kV asym. | B
EN B1000-4-8 | lmmunify o conducted dighurhancas 0V, c B
EN61000-4-11  |Vokage varafions,dips,inferuptions 0% 5% N 00ms G 10
Results: c Complied
MC Did not comply
WL Within measurament uncartainties
A Mot applicable
MP Mat perfarmad
5.2.2 Rasult
Eleclrostalic dischargs
In the tested canfiguration the E. L. T, complied with the requirements of the specification,
Radiated i sl ic:flglel

In the tested configuration the E. U, T. complisd with the requirements of the specification.
Burst immunity test

In the tested configuration the E. L. T. complied with the requirements of the spacification.
5 ; ity 1

variations.di in ian
In the tested configuration the E. U. T, complied with the requiremeants of the spacification.

| Rev. |Issue Date: 04.06.02 EMG 040/ 02 Page 11 of 47 |

Appendix: Electromagnetic compatibility certificate 175




emctestcenter.zurich.ag

APPENDIX 2 TEST CONFIGURATION PHOTOGRAPHS
Test No. 6 Position "180™

Test mn!i?uraﬁon for measurement of immunity to radiated rf electromagnetic field in accordance
with EM 61000-4-3 {IEC 61000-4-3 ). - Antenna distance 3m
- Prior calibration of the field level according to the standard,
- Amtenna heights:  Honzontal polarisation: 1.50 m
Vertical polarization: 1.50 m
Mo E.U.T. specific fest setup necessary.

Frequency range 80 MHz to 1000 MHz and 1.4 GHz - 2 GHz, vertical polarisation

Rev. | lssue Date; 04.06.00 | EMG 040 / 02 Page 43 of 47
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