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Abstract

Hydrometric current meters are usually calibratadtow tanks, like the calibration

facility from METAS in Ittigen, Switzerland. The gertainty budget for this installation
yields a value of 0.04 % for the lowest achievaleertainty in velocity of the towing

carriage. This paper presents some results obtdmoed observation with Acoustic

Doppler Current Meters (ADCM) on the residual catsegenerated from the towing of
the current meters through the tank which genesatface gravity waves. Their potential
impact on the calibration uncertainty is discusard the effect of various waiting times
on repeatability is shown.

1. Introduction

Hydrometric current meters are used to measurevdlueity distribution in open channels and
are usually calibrated over a range of speeds Wwingpthem through still water in a tow tank,
following the International Standard 1ISO 3455 [af fnstanceCalibration of a current meter
means experimental determination of the relation$fgtween liquid velocity and either the rate
of revolution of the rotating element or the vetpdirectly indicated by the current meters
quoted in [1].

The uncertainty budget for the calibration facilitylttigen, Switzerland, yields a value of 0.04 %
for the velocity of the towing carriage in the ranigom 0.02 m/s to 10 m/s and represents the
lowest achievable uncertainty assuming a perfeateot meter (i.e. no contribution from the
current meter) and perfectly still water. The uteieties quoted in the calibration certificates
issued by the calibration facility apply to thewsdtmeasurements of the number of revolutions
per second of the impeller at a certain towing dpaed can strongly vary depending on the
quality of the current meter.

The successive measurements through the tank Ipeéhterwater and generate residual currents
which can interfere and increase the velocity nofsiie current meter or add a systematic error.
To limit this noise, waiting times between succeéssuns are introduced to allow for the decay
or the damping of these residual currents. The timeded for the water to still depends on
several factors like the dimensions of the tanle previous test velocity and the type of
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suspension equipment immersed in the water. Dampingtilling devices can reduce the
reflection of disturbances in the water by the wmadls of the tank.

This paper will present results obtained from obstons with Acoustic Doppler Current Meters
(ADCM) on the residual currents generated fromttheing of current meters through the tank
and their effects on the uncertainty using meclanicydrometric current meters. All
measurements have been performed in the tow tamkhvinas a length L of 140 m, a width of 4
m and a depth of 2 m, of the calibration facility Ittigen between the end of 2011 and April
2012. The water level H in the tank is around 1.7 m

2. Water motion and surface gravity waves

The assumption that water in a tow tank is perjestill is not valid. There are always residual
velocity fields from previous disturbances or othenvection effects. Ref [2] quotes values of a
few mm/s for typical convection velocities in andisturbed tank and are therefore hardly an
issue for mechanical current meters, which havé-staspeeds of 2 cm/s at least.

Current meters are attached through rods to théntpuwehicle and when dragged through the
water will push on the water and generate a wakieagoropagating wave. The wave motion that
occurs at the free surface of the water, whereityrplays the role of the restoring force, is cdlle
a surface gravity wave and its dispersion relafr@tation between frequency and wavelength)
can be found in textbooks [3] and reads

w = +/ gk tanh(kH) 1)

: . L . 2n
where « = 27w is the circular frequencyg the earth’s gravitational acceleratloh,:7the

wavenumberd the wavelength and the depth of the water. Depending on the ratiavben the
wavelength of the wave and the depithof the water, interesting simplifications result

H

= &« 1 (shallow water) (2)
H
= > 1 (deep water) 3)

For shallow water, we can approximmah@)zsz, which yields the following

relations for the frequenayand the speedof the wave

V=2 gH (4)
c=\/g_H,c=/1v (5)
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A limited body of water like a tow tank forms stamgl waves by reflection from the walls and a
standing oscillation in such a case is calleskighe Only certain wavelengths and frequencies
are allowed by the boundary conditions from thét@md are given by

2L
= 6
A n+1 ©

whereL is the length of the tow tank andlenotes the mode of the wave.

A numerical application to the METAS tow tank £ 140 m,H = 1.7 m) yields the following
values:

e J=280mfom=0,4,=140 mfom=1, ,A,=93 mforn=2
e« H/Ay=6.1e-3 << 1, the shallow water approximation lbamused
« c=,/gH =4.1 m/s (with g = 10 mfs

e 151)=0.0147 Hz

e T=1/,=679s

It should be noted that in shallow water, the phatorbits due to the wave are described by
ellipses with their major axis oriented along theection of propagation of the wave. In deep
water, the particle orbits are circles as can e s&Figure 1.
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Figure 1: Particle orbits of wave motion in deepiermediate and shallow water, taken from [3].

3. Water motion generation and observation method

Water disturbances have been generated by towirgg tbf our standard mounting rods of
dimensions 75 mm x 35 mm through the tank, as @arsden inFigure 2 where one also
recognises the seeding material in the water wiialsed to reflect the sound emitted by the
ADCM.
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Figure 2: The towing vehicle with the 3 mountingliso

To observe the residual current generated by thantpof the three rods, we used as ADCM a
FlowTracker Handheld-ADV (Acoustic Doppler Veloaitgter), seéigure 3 from SonTek/YSI
(USA) equipped with a 3D probe to record the waidocities in the 3 spatial directions. All data
were stored on the device and later downloaded© #or additional processing.
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Figure 3: FlowTracker with 2D Side Looking Prokeken from [4]

The FlowTracker records a velocity sample and guatintrol data (Signal to Noise ratio) every
second based on 10 pings. It can measure watecitvesofrom 0.01 cm/s to 4.5 m/s with an
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accuracy of 1% and is especially well suited fowv-ftow applications [4]. The maximum
recording time is limited to 1000 seconds.

Runs have been performed at towing speeds of 12n&sn/s and 5 m/s. After each forward run,

the towing vehicle returned to its starting positith the mounting bars retracted from the

water so as to ensure maximum measurability ofwthee. The standard calibration procedure

from METAS asks for the mounting rods to be stiimersed for the backward journey of the

vehicle which occurs at a limited speed of 0.7 fifss situation has also been analysed and no
obvious change with or without immersed rods hanbebserved. The FlowTracker probe was

then mounted on the rod in the middle and the Vehias moved to a position 52 m along the

tank with retracted rods. At this point, the veliglas brought to a stop and the FlowTracker
probe was placed in the water at a depth of 30acmeasure the residual water velocity. This

depth corresponds to the mounting position of cumeeters during calibrations.

The time laps between disturbing the water, mognéind placing the FlowTracker in the water
was about 3 minutes. We could only observe by bgé the generated wake decayed rapidly
during this time laps.

4. Results of water motion observation

The velocity of the residual current along the taogvidirection, after disturbing the water with a
run at 1 m/s, is shown in the left part Eifure 4 The measuring time is 1000 seconds. One
observes an oscillating velocity of amplitude O/, consistent with the elliptical path of the
particle orbits and typical for seiches, which takleng time to dissipate. The associated Fourier
spectrum of this oscillation is shown in the riglart of Figure 4where one can clearly identify
the 3 first modes of the surface gravity wave ircetbent agreement with the numerical
estimation presented in Section 2.
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Figure 4: Left) Residual velocity after a run anis. Right) Associated Fourier spectrum from trepbr
on the left.

Similar results have been obtained for the otheirg speeds. The results for 5 m/s are shown in
Figure 5
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Figure 5: Left) Residual velocity after a run anfs. Right) Associated Fourier spectrum from threpbr
on the left.

One observes the same kind of oscillations at #mesfrequencies. There is another visible
damping, most probably due to the still present avélom the higher towing speed. The
amplitude of the oscillation scales apparently withing speed, reaching 1.2 cm/s in this case.

5. Attempt to mitigate the water motion

We tried a simple and crude trick to dampen théaserwave generated by the towing rods by
placing so called wave-absorbing lane lines (wédahem wave-breakers) at both ends of the
tow tank, like shown irFigure 6 Such devices are used in swimming pools to sepd#na lanes
and to minimise the turbulences for the swimmers.

Figure 6: Wave-breakers mounted at both ends dbtveank.

We spanned 3 rows of wave-breakers, on cables satheswidth of the tank, each separated
vertically 30 cm from another, the first one beinglf immersed in the water. The residual

velocity after disturbing the water at 1 m/s withdawithout wave-breakers and their associated
Fourier spectra are shownHigure 7
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Figure 7: Left) Residual velocity after a run anis with and without wave-breakers. Right) Assaaat
Fourier spectra from the graph on the left.

No clear dampening effect can be deduced from ¢hecity plot. The frequency spectra however
indicate that the wave-breakers act like a low-figies and attenuate the higher order modes of
the surface wave.

These results indicate that our attempt to mitigedieer motion with our wave-breakers was not
successful and that a more complex water-stillimyick is needed. The US Hydrologic
Instrumentation Facility use waste water tricklifiter media placed at both ends of the tank, as
well as wave-breakers placed on the side walleetdnk to attenuate the wake [5].

6. Influence on measurement uncertainty

The impact of the observed surface wave on the rtaioty of the measurement has to be
analysed. As can be seenFigure 4 an oscillating velocity with amplitude 0.5 cmisdaperiod

67 seconds along the towing direction is still prédfollowing a run at 1 m/s after more than 15
minutes. This means that depending on when theroaxtarts and its duration, the current from
the surface wave generate by the previous towirligbeiacting either along and/or against the
direction of motion of the impeller during the towi and thus introducing an unknown speed
contribution to the measurement.

For small towing speeds, where the current metewied during a time larger or similar than the
oscillation period of the surface wave, the confiidn from the surface wave will average over
time and increase the standard deviation of thesareanent. If the run lasts less than half the
period of the oscillation, the contribution frometlurface wave will depend on the phase relation
between the start of the run and the surface wave.

At the present time, it is difficult to put hardyfires on the contribution from surface waves to the
measurement uncertainty because we measured faeeswave in a stationary mode while the

calibration process produces a superposition betwee standing surface wave and the surface
wave generated by the current run. It is quite 8afay that the contribution to a 1 m/s run must
be between 0 cm/s and 0.5 cm/s, depending on teepklation between the start of the run and
the surface wave. We do not have enough data amihment. Further measurements are
envisioned.
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7. Waiting time effects

The waiting time between successive runs are inted to allow for damping of residual
currents. At the calibration facility in Ittigenygical waiting times used during calibration
services by METAS are 10 minutes at least for hetsveen 0.3 m/s and 1 m/s and 25 minutes at
least for runs between 1 m/s and 5 m/s.

To study the effect of waiting times on reprodudipiof the outcome of the calibration, we have

performed several successive runs at a towing spée2l5 m/s with 2 mounted Seba F1

mechanical current meters. Each run lasts 10 secorell below the period of the surface wave.

Before each set of runs, both current meters haes lzleaned and oiled. First 10 successive
runs, each separated by the standard waiting tin2® aninutes have been performed, followed

by 50 runs with 5 minutes waiting in between. Theam speed for each set of runs was then
determined, which allowed to calculate the relatiegiation with respect to the mean speed for
both sets of runs shown figure 8 The black lines indicate an uncertainty band 6{G4 %.
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Figure 8: Relative deviation with respect to theamspeed for both sets of runs.

One sees immediately that reproducibility is heawifluenced by the waiting time between
successive runs. When waiting the standard 25 edéndhe reproducibility is very good, well

below 0.1 %. When reducing the waiting time betweems to 5 minutes, water disturbances
limit the reproducibility to + 0.5% which correspmimto an uncertainty of 1.25 cm/s for a towing
speed of 2.5 m/s. This value of 1.25 cm/s is alstuplite close to the amplitude of the surface
wave one would expect to be generated when towi@gam/s.

8. Conclusions & outlook

The calibration of current meters in tow tanksesstive to residual currents in the water. The
operation of towing current meters through the wagenerates gravity surface waves whose
amplitude is related to tow speed and whose péasiotly related to the tank dimensions. These
so-called seiches take a long time to dissipate.
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The current from the surface wave introduces amawk speed contribution to the measurement
and adds a systematic uncertainty that dependbseoduration of the run and the phase relation
between the start of the run and the surface wBuether measurements are needed to put
numbers on the contribution from surface gravityasa

Waiting times between successive runs allow for wiader to still and their proper choices
strongly influence the repeatability between measents. An example showed that the METAS
waiting times allow a good reproducibility for sessive measurements.

Technical improvements to mitigate unwanted watevements in the tow tank from METAS
should be introduced to further increase the acguréithe calibration facility.
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