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Acoustic Doppler velocimetry (ADV) is one of the most suitable devices
for measuring flow characteristics. Determination of measurement
frequency and duration, in a way that the results are calculated with the
lowest error, is very important. The goal of this study was to determine the
optimum measurement frequency and duration to save money and time. 3D
instantaneous subcritical flocharacteristicsts are measured at 200, 100, 25,
and 5Hz frequencies for a duration of 3 minutes, in a laboratory flume with
an aspect ratio of less than 5. Then, 3D averaged velocities, shear velocity,
turbulence intensity, and Reynolds shear stress are calculated. Results show
that the reduction of error is independent of the number of measured data
and its dependence is on the data collection duration and frequency. For
measurements of 3D averaged velocity components, the appropriate
measurement frequency and duration are 1Hz and 50 seconds, respectively.
To determine the shear velocity, using logarithmic law, reducing the
frequency and duration, results in a maximum error of 13%. For calculation
of turbulence flow characteristics, like turbulence intensity and Reynolds
shear stress, the measurement frequency, and duration of up to 25Hz and
50-70sec, respectively, results in an error of less than 10%.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

Measurements of flow characteristics play a vital
role in understanding the effects of different
parameters on the flow and the validation of

frequency and duration, the number of measured
samples changes. There is no systematic study up
to date, to investigate the effect of measurement
duration and  sampling  frequency on
measurement values of mean flow velocities and

numerical models. One of the most important
devices for this purpose is ADV. ADVs are
capable to measure instantaneous 3D flow
velocity fluctuations and the price of this device
is less than other devices. ADVs are point
measurement devices and based on sampling
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turbulence characteristics. Therefore, the goal of
this study was to investigate the effect of
different sampling frequencies and measurement
duration on the accuracy of measured hydraulic
parameters.
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Materials and Methods

Measurements were conducted in a straight and
rectangular symmetrical channel, horizontal bed
slope and flat bed. The Froude and Reynolds
numbers during the test are 0.11 and 69400,
respectively, which indicate subcritical hydraulic
conditions and turbulent flow. The width-to-
depth ratio of the flow was equal to 2.3, which
indicates the presence of secondary flows. The
in-depth  profiles were measured in three
directions and at 28 depths. The ADV used in
this study was a Vectrino type manufactured by
Nortek. The minimum and maximum sampling
frequency was 1 and 200 Hz, respectively. The
sampling frequency, duration of measurements,
and the number of instantaneous data collected in
this study are presented in Table 1.

Table 1 Frequency, duration, and the number of
measured data

Frequency (Hz)  Duration (min)  Measured data
200 3.0 36000
200 2.0 24000
200 1.0 12000
200 0.5 6000
100 3.0 18000
100 2.0 12000
100 1.0 6000
100 0.5 3000

25 3.0 4500
25 2.0 3000
25 1.0 1500
25 0.5 750
5 3.0 900
5 2.0 600
5 1.0 300
5 0.5 150
1 3.0 180
1 2.0 120
1 1.0 60
1 0.5 30
Results

Results show that for a sampling duration of 3
minutes, reducing the sampling frequency to 100,
25, and 5 Hz causes an error of less than 1% in
the average longitudinal velocities for all depths.
This error is around 2% for a sampling frequency
of 1 Hz at some depths. Reducing the
measurement duration to 2 minutes for all
sampling frequencies causes an error of less than
2%. By reducing the measurement duration to 1
minute, the error is +4%. For a measurement
duration of 30 s, sampling frequencies of 200,
100, 25, and 5 Hz result in an error of less than
4%, and at a sampling frequency of 1 Hz, the
error increases to 6%. The results show that for
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measurements of longitudinal velocities, the data
collected in 30 seconds and with a sampling
frequency of 1 Hz is acceptable and has a
maximum error of 6%, especially in the depths
near the bed.

For transverse velocity, the sampling frequencies
of 200, 100, and 25 Hz and the duration of
measurements of 3- and 2-min result in a small
error, while the further reduction of sampling
frequencies and duration causes a very large
error.

For vertical velocities, in a measurement duration
of 3 minutes, reducing the sampling frequency to
100 Hz does not change the vertical velocity
values. The sampling frequency of 25 Hz results
in @ maximum of 5% error in some depths near
the bed. The error increases to 10 and 30% for
sampling frequencies of 5 and 1 Hz, respectively.
Reducing the data acquisition time to two
minutes for 200 and 100 Hz frequencies causes
an error of 15%. Further reduction of the
sampling frequency to 1 Hz increases the error to
40%. Reducing the acquisition time to 1 minute,
even for a frequency of 200 Hz, results in an
error of 25% occurring near the surface. The
error at sampling frequencies of 100 and 25 Hz is
equal to 30 and 40% and frequencies of 5 and 1
Hz are more than 50%. Further reduction of the
data acquisition time to 30 seconds will cause a
large error and it will reach from 30% for 200 Hz
frequency to more than 50% for lower
frequencies.

In general, the dimensionless velocity profiles in
three directions follow the pattern of secondary
flows. The longitudinal velocity distribution is
logarithmic and the maximum velocity is below
the water surface and at 0.7 water depth, the
transverse velocity fluctuates around zero and the
vertical velocity also has downward velocity
values.

For the calculation of shear velocities using the
logarithmic law method, reducing the sampling
frequency and duration of data collection causes
a maximum error of 6 and 13%, respectively.
Results showed that the error reduction is
independent of the number of collected data and
its dependence is first on the duration of data
collection and then on the sampling frequency.
With 2 minutes of measurement at sampling
frequencies of 200, 100, 25, and 5 Hz, the
percentage of error in determining the shear
velocity using the logarithmic law method
reaches less than 2%.
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For the calculation of turbulent intensities,
reducing the sampling frequency and
measurement duration have no effect on its
distribution. However, For the three frequencies
of 200, 100, and 25 Hz, the error tends to zero as
the data collection time increases, but the data
collected at 5 and 1 Hz have an error, even with
3 min of data collection. This error is 7 and 20%
in the longitudinal direction, 2 and 15% in the
transverse direction, and 6 and 9% in the vertical
direction for frequencies of 5 and 1 Hz,
respectively.  Therefore, a  measurement
frequency of up to 25 Hz is required to measure
the turbulent intensities.

Conclusions

One of the goals of this study is to investigate the
effect of reducing the sampling frequency and
duration of ADV on the measured values of flow
characteristics. In this way, the minimum
sampling frequency and duration of acceptable
data collection has been determined, and due to
this, it saves the costs of hydraulic laboratories,
for preparing ADV and reducing the duration of
experiments. The results of this research are as
follows.

To measure the average 3D flow velocities,
devices with a sampling frequency of 1 Hz are
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also suitable and the duration of data collection is
at least 50 s.

To determine the shear velocity using
logarithmic law, reducing the data collection
frequency and duration causes an error of 13%.

To measure and calculate turbulent flow
components such as turbulence intensity and
Reynolds shear stress, a measurement frequency
of up to 25 Hz is required. The minimum
measurement duration for an error of less than
10% is between 50 and 70 s.

Error reduction for all parameters is independent
of the number of collected data and its
dependence is first on the duration of data
collection and then on the frequency of data
collection.

Data Availability
The data can be sent by email by the
correspounding author upon reasonable request.
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Fig. 2 The error of longitudinal velocity measurements at different depth at sampling frequencies of 200, 25, 5
and 1 Hz and durations of 3, 1 and 0.5 minutes
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Fig. 3 The error of transversal velocity measurements at different depth at sampling frequencies of 200, 25, 5
and 1 Hz and durations of 3, 1 and 0.5 minutes
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Table 2 Shear velocity calculated by BLCM and log-law in different measurement duration and frequencies

Frequency (Hz) Duration (min)  Usgicm (M/S)  Usigg-taw (M/S) BLCM error (%)  Log-law error (%)
200 3.0 0.0597 0.0235 - -
200 2.0 0.0599 0.0237 0.4 0.5
200 1.0 0.0601 0.0255 0.7 8.1
200 0.5 0.0615 0.0254 3.1 8.0
100 3.0 0.0596 0.0235 0.0 -0.3
100 2.0 0.0599 0.0236 0.5 0.3
100 1.0 0.0600 0.0255 0.7 8.1
100 0.5 0.0616 0.0253 3.2 7.6
25 3.0 0.0597 0.0237 0.0 0.7
25 2.0 0.0599 0.0238 0.5 1.0
25 1.0 0.0601 0.0259 0.8 10.0
25 0.5 0.0617 0.0258 3.3 9.7

5 3.0 0.0599 0.0236 0.4 0.2
5 2.0 0.0602 0.0239 1.0 1.3
5 1.0 0.0605 0.0266 1.4 12.9
5 0.5 0.0617 0.0264 35 12.2
1 3.0 0.0606 0.0241 15 2.4
1 2.0 0.0612 0.0251 25 6.6
1 1.0 0.0609 0.0258 2.0 9.5
1 0.5 0.0621 0.0253 4.1 7.3
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Fig. 7 Turbulence intensity distribution in Longitudinal, transverse and vertical directions in 200 and 1 Hz

measurement frequencies as well as 3min and 0.5 min durationand time series of turbulence intensity for
different measurement frequencies at y/h=0.75
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