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Other adaptations of the overall algorithm can be explored and can allow for complementary 

measurements. For hydraulics and/or morphodynamics related experiments, this enhancements 

could be particle tracking for flow trajectories and velocities, water height deduction from laser 

refraction measurements, colorized and texturized reconstructions allowing for tracking of bed 

forms migration, etc. 
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A b s t r a c t  

A novel and low cost tool, namely the instrumented particle, that is potentially able to 

directly monitor the near bed surface flow hydrodynamics and can be used by researchers and 

practitioners alike is presented. The particle is fitted with micro-electro-mechanical-systems, 

MEMS, sensors that are able to quantify its inertial dynamics and detect the particle’s incipi-

ent motion accurately. A well-controlled laboratory flume experiment for assessing the incip-

ient entrainment of the instrumented particle which mimics the behaviour of a naturally 

rounded pebble resting on a riverbed for a range of flowrates near the threshold of motion is 

conducted. The logged acceleration readings, after appropriate post-processing, are used to 

assess the entrainement threshold of the instrumented particle. Appropriate theories that take 

into account the dynamic characteristics of particle’s entrainment are considered to interpret 

these readings with an ultimate goal of back-estimating hydrodynamic drag which is repre-

sentative of the hydrodynamic forces acting on the bed-surface. 

Keywords: instrumented particle, impulses, MEMS sensors, incipient motion, turbulence. 

1. INTRODUCTION 

Sediment entrainment is considered to be the governing process in different applications around 

the fields of geoscience and engineering and therefore has gained a lot of attention in the liter-

ature for the past century (Buffington and Montgomery 1997). Therefore, extensive field and 

laboratory studies exist in the literature for assessing the conditions that can result in initiation 

of sediment entrainment, namely incipient motion. Different criteria for assessing the incipient 

entrainment of sediment particles have been suggested by different authors (Shields 1936; Bag-

nold 1966; Valyrakis et al. 2010). Among the different criteria, the impulse (or energy) criterion 
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is the only criterion that considers both the force magnitude of the near bed turbulent event and 

it duration are relevant in predicting sediment entrainment. The field and laboratory studies of 

sediment entrainment are usually performed using expensive tools like Acoustic Doppler Ve-

locimetry (ADV) and particle image velocimetry (PIV). The recent technological advancement 

has provided researchers in the field of fluvial hydraulics with the ability to directly assess 

sediment entrainment using low cost tools like micro-electro-mechanical-systems, MEMS, sen-

sors (Valyrakis and Pavlovskis 2014; Valyrakis and Alexakis 2016; Al-Obaidi et al. 2020; Al-

Obaidi and Valyrakis 2021). Researchers and practitioners alike can benefit from using such 

low cost sensors in comparison to the expensive velocimetry techniques that indirectly offer 

estimates of shear stresses that could be linked to sediment entrainment via Shields diagram. 

Hence, the motivation of this work is to study the application of instrumented particles as low 

cost tools for assessing near-bed flow hydrodynamics with an ultimate goal of back-estimating 

hydrodynamic drag which is representative of the hydrodynamic forces acting on the bed-sur-

face. 

2. THE INSTRUMENTED PARTICLE 

The instrumented particle used in this study is 7 cm in diameter that is embedded with microe-

lectromechanical (MEMS) sensors (a tri-axial accelerometer, a tri-axial gyroscope, and a mag-

netometer) that record at the same frequency which is adjustable with a range of 100–500 Hz. 

Depending on the flow conditions and expected particle’s response, one can define a sufficient 

logging frequency (for this study a logging frequency of 150 Hz is selected). The sensors are 

interconnected forming inertial measurement units (IMUs) with which the particle’s inertial 

dynamics can be precisely quantified. 

3. EXPERIMENTS AND RESULTS 

A water recirculating flume that is 8 m in length, 0.9 m in width and is able to carry flows of 

up to 0.4 m deep is used for the study. The particle is placed on micro-topography made of 4 

hemispheres forming a triangular arrangement in the test section that is located 2.5 m down-

stream the outlet and 5.5 m upstream the inlet of the flume. The location of the test section 

ensures having hydraulically rough fully developed turbulent flow. For a range of flowrate that 

represents the for near-critical flow conditions, six run are performed to investigate the incipient 

entrainment of the instrumented particle. A video camera is placed on one side of the flume 

near the test section in order to record the particle’s movements accurately. The logged readings 

of the sensors (20 minutes for each run) are post-processed using inertial sensor fusion (Kalman 

filtering) to reduce the uncertainty (by using the readings from one sensor to correct the readings  

 

Fig. 1. The corrected total acceleration (estimated by inertial sensor fusion of the logged readings of the 

instrumented particle) for two runs of the experiment with the red line showing the threshold separating 

the full entrainments from the twitching events (or the partial entrainments) as validated by the visual 

assessment. 
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of the other sensor) and the corrected acceleration readings are used to estimate the total accel-

eration of the instrumented particle (samples of two minutes are shown in Fig. 1). The total 

acceleration results are then used to assess the entrainment of the instrumented particle for the 

six runs of the experiment by defining a threshold value separating the full entrainments from 

the twitching events (or the partial entrainments) that is validated by manual comparison to the 

video recordings. Additionally, the acceleration readings are linked to the velocities of the tur-

bulent flow events via relevant theories of flow impulses (Valyrakis et al. 2010). 
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A b s t r a c t  

Acoustic Doppler velocimetry profilers (ADVPs) are widely used in both experimental 

and field studies because of their robustness in velocity measurements. The acquired meas-

urements offer estimates of the instantaneous flow velocity at the interrogated measurement 

volume and can also be further processed for the estimation of the bed surface shear stresses 

and turbulent kinetic energy, thus finding a wide range of applications ranging from water 

engineering to geomorphology and eco-hydraulics. This study aims to evaluate the perfor-

mance of an ADVP in obtaining hydrodynamics measurements under fixed flow conditions, 

with various probe configurations. Different assessment criteria are used for the evaluation 

including qualitative observations as well as quantitative error metrics to assess the uncertain-

ties in the estimation of shear stresses using log Law of the Wall and turbulent kinetic energy 

due to the probe configuration settings. The methodology implemented herein, for a given 

flow, and the suggestions presented represent a generalized hierarchical framework which can 

find use from practitioners and researchers alike. 

Keywords: acoustic Doppler velocimetry profilers, flow velocity, shear stress, turbulent ki-

netic energy, turbulence. 

1. INTRODUCTION 

Acoustic Doppler velocimetry (ADV) is widely used as one of the most versatile and robust 

flow diagnostics tools for both laboratory and field studies across a range of research and ap-

plied themes spanning engineering eco-hydraulics and geomorphology. A range of specific 

ADV probes with varying specifications are readily available for use by professionals and re-

searchers. ADV measures the sampling volume of a water body in the water flow via the Dop-

pler shift caused by the reflection of the pulse transmitted from the centre transducer (the centre 

beam) and received by the four receiving beams (Nortek 2012; Nortek AS 2015; Kraus et al. 
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1994). An acoustic Doppler velocimetry profiler (ADVP), i.e. Vectrino II, has the same work-

ing principle, but enables profile measurements, which may involve interrogating more than 

one measurement points, at the same time. Thus ADVPs, may typically have additional param-

eters that the user may need to define in the probe settings, which even though desirable, may 

leads to increased uncertainties if there is no generally acceptable guidance to enable their op-

timal use. 

In this work, a series of laboratory experiments have been conducted, under the same open 

channel flow conditions, using a profiler (ADVP Vectrino II from Nortek®) aiming to cover 

the full range of probe configuration combinations that can be used in practice. Flow velocities 

have been measured via the software Nortek Multi-Instrument Data Acquisition System (Vec-

trino Profiler). The probe configuration in this software contains a few indexes which have 

some level of dependencies which are altered to identify their impacts on the velocity measure-

ments, velocity profile and the estimated shear stress using these measurements. 

2. EXPERIMENTS AND RESULTS 

The experiment has been conducted in a rectangular horizontal recirculating flume in the Water 

Engineering Laboratory at the University of Glasgow. The flume is 1 m wide with glassed side-

walls, and the flume bed consists of a few centimetres high layer of sand with nominal diameter 

from 0.5 to 2.36 mm (d50 = 1 mm) covering the whole flume width. The probe is joined with 

a vertical gauge, which enables the probe to move vertically. The velocity profiles have been 

taken at the same lateral location (345 mm away from the sidewall) under the exactly same flow 

conditions, but different probe configurations. Examples of velocity profiles of selected exper-

iments (different probe configurations) are shown in Fig. 1 below. 

 

  

  

Fig. 1. Velocity profiles of selected experiments: a) “smooth” from visual check and good fit a logarith-

mic function, b) “smooth” from visual check, c) “curved” from visual check, and d) “random” from 

visual check. 
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3. CONCLUSIONS 

Velocity profiles are taken at the same location and under the same flow condition with different 

probe configurations, and the result of mean velocity profile, shear stress estimated using tur-

bulent kinetic energy and log Law of the Wall vary significantly, which clearly shows the de-

pendency between the probe configuration and the results. Results show that overall, the 

accuracy of Vectrino-II is dependent on probe configurations, and this study provides a frame-

work of preliminary test to find the best probe configuration for the given flow. The value of 

this research is independent of the exact software or the specific probe because it lays in the 

framework of optimizing the velocimetry results by tweaking the probe configuration parame-

ters. 

R e f e r e n c e s  

Nortek (2012), Vectrino profiler user guide, Nortek Scientific Acoustic Development Group Inc., Bos-

ton. 

Nortek AS (2015), Comprehensive manual, available from: http://www.nortek-as.com/lib/manuals/the-

comprehensive-manual (accessed: 22 October 2017). 

Kraus, N.C., A. Lohrmann, and R. Cabrera (1994), New acoustic meter for measuring 3D laboratory 

flows, J. Hydraul. Eng. 120, 3, 406–412, DOI: 10.1061/(ASCE)0733-9429(1994)120:3(406). 

Received 22 March 2021 

Accepted  12 April 2021 



 



Publications of the Institute of Geophysics, Polish Academy of Sciences 
Geophysical Data Bases, Processing and Instrumentation 

vol. 434 (E-11), 2021, pp. 91-93 
DOI: 10.25171/InstGeoph_PAS_Publs-2021-027 

Webinar on Experimental Methods and Laboratory Instrumentation in Hydraulics, 13-15 April 2021 

________________________________________________ 

© 2021 The Author(s). Published by the Institute of Geophysics, Polish Academy of Sciences.  
This is an open access publication under the CC BY license 4.0. 

Automated Spectra Separation of Dye Mixtures 

José Otávio Goulart PECLY1,  and  Carlos Henrique de Paula PAIVA2 

1Federal University of Rio de Janeiro, PENO/COPPE, Rio de Janeiro, Brazil 

2Federal University of Rio de Janeiro, EQ/POLI, Rio de Janeiro, Brazil 

 pecly@ufrj.br 

A b s t r a c t  

Common practices related to the use of fluorescent tracers include multiple dyes in 

branches of convergent streams, and multiple dyes to compare the performance and to control 

the quality of the results. Although the control software of spectrofluorometers presents ad-

vanced features like multiple peak identification, a spectral separation function is usually not 

available. It is worth to note that a typical field campaign may result hundred or even a few 

thousand of samples whose tracers need to be identified and have its concentration measured. 

To deal with this issue, a set of Python scripts for background subtraction and spectra separa-

tion was tested with a dataset of samples with a single tracer and with mixtures of Eosin and 

Fluorescein. The uncertainty of the results is dependent on the concentration ratio of the trac-

ers in the sample. 

Keywords: fluorescence, spectral characteristic, separation method. 

1. INTRODUCTION 

Field campaigns employing fluorescent tracers provide data to estimate hydraulic parameters 

or to calibrate water quality models (Romanowicz et al. 2013). 

As the spectra of tracers considered safe (Behrens et al. 2001) for application in inland, 

estuarine, and coastal water bodies present full width at half maximum (FWHM) relatively 

wide, the analysis of samples with mixture of tracers requires special attention (Käss 1967). 
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2. MIXTURE  SEPARATION  METHOD 

Typical concentrations in field works are small, ranging from 1 to 20 mg m–3 at the sampling 

sites. These low concentrations, usually quantified by spectrofluorometers, present issues re-

lated to peak identification and separation by the instrument companion software or visual spec-

tra inspection (see Fig. 1). 

2.1 The experimental dataset 

Laboratory work started with the preparation of standard solutions with concentrations of 1, 2, 

5, 10, and 20 mg m–3 of Eosin and of Fluorescein followed by mixtures of these standards in 

destillated water. Sample analysis was carried out by the synchronous scanning method.  

2.2 Spectra separation 

A set of Python functions was built for adjusting Lorentz curves to the measured spectra for 

each selected tracer which is individually defined by a peak wavelength and by a FWHM.  

The application used the least square fitting of the scipy.optimize.curve_fit function. Fig-

ure 1 depicts the result of the spectra separation for one sample with a mixture of 2 mg m–3 of 

Fluorescein with 20 mg m–3 of Eosin. The differences between the concentrations of the stand-

ard samples and those obtained from the adjusted spectrum were 19% for Fluorescein and 1.5% 

for Eosin, decreasing to 3.5% and 0.5%, respectively, after the application of the method.  

 

Fig. 1. Spectra of a sample with mixture of tracers: (above) adjusted spectrum by the sum of individual 

spectra; and (below) difference between the adjusted and the measured spectra.  

The differences between the concentrations obtained from the adjusted spectra of samples 

with a single tracer and the mixture were 1.5% for Fluorescein and 1.0% for Eosin. For higher 

concentration ratios, e.g. a mixture of 20 mg m–3 of Fluorescein with 2 mg m–3 of Eosin, the 

differences between the concentrations of Eosin obtained from the adjusted spectrum were 

100% and 6%, before and after the application of the separation method, respectively.  
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A b s t r a c t  

In this study, Digital Surface Model (DSM) was created to investigate to what extent un-

steady flow affects gravel bed surface in laboratory conditions. Bed elevation was meas-

ured before and after the passage of unsteady flow using a Digital Close Range 

Photogrammetry (DCRP) technique and the processing of photographic data was performed 

using PhotoScan software. From these preliminary outcomes, it can be concluded that the 

DCRP technique can be considered as a complementary method to track the changes of gravel 

beds at the laboratory scale. 

Keywords: Digital Close Range Photogrammetry technique, gravel bed surface, Digital Sur-

face Models, transient flow. 

1. HYDRAULICS LABORATORY EXPERIMENT SETUP 

The experiment was performed in a flume with glass side walls, and bed slope equal to zero in 

the Laboratory of Faculty of Environmental Engineering and Land Surveying, University of 

Agriculture in Kraków, Poland. Before every test, the bed material was levelled for 7.5 m with 

a thickness of around 12 cm. A total of 9 experimental runs were carried out under unsteady 

flow conditions in a 12-m-long, 0.485-m-wide, and 0.60-m-deep flow-recirculating tilting 
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(20 Mpix), following a photogrammetry technique similar to one proposed by Faezal et al. 

(2016) and Stojic et al. (1998). The bed material was classified as average gravel 

(d50 = 3.52 mm). The spatial coordinates (X,Y,Z) of control points (14 CPs) were acquired with 

a Topcon OS-103 total station. The CPs data was later used to calibrate both the 3D model and 

the contour plots derived from the DCRP.  

A unit of Sony DSC-RX10M4 camera was mounted on a steel bar centrally above the flume 

width to capture a series of digital images of the channel bed. The distance from the bed has 

been fixed to 1.4 m and the camera was moved along the longitudinal profile of the flume with 

a 10 cm interval to capture 64 digital frames of the bed surface. 

2. RESULTS 

Pre-flow and post-flow bed surface models were compared to each other to determine the bed 

surface changes. Figure 1 displays the changes of the bed surface between pre-flow and post-

flow conditions, for a test with a water discharge  Qmax = 180 m3/hand duration of 9′20″.  

 

Fig. 1. The bed surface pre-flow (higher frame) and post-flow (lower frame), scale in cm. 

The results show that the DCRP technique can be used to determine the bed surface changes, 

providing distributed information on erosion and accumulation zones. The comparison of pre- 

and post-flow DSM can also help in computing the total mass transport. 

It is worth to note that the DSM have a sub-millimeter accuracy, while the flat sheets of 

paper used as CPs are reflected with very high accuracy. 
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A b s t r a c t  

Establishing and operating a harmonised sediment monitoring system along large rivers such 

as the Danube is a challenging international task. Our objective is to develop a time- and cost-

effective suspended sediment measurement protocol that can be easily carried out in the Up-

per-Hungarian Danube. In this study, we present the results of the comprehensive testing of 

direct and indirect (acoustic and optical) suspended sediment analysis methods, during which, 

we established moderate to strong relationships between the determined suspended sediment. 

Keywords: acoustic backscatter, laser diffraction, suspended sediment, turbidimeter. 

1. INTRODUCTION 

Recent studies along the Danube (e.g. DanubeSediment 2019) pointed out the significance of 

harmonised suspended sediment (SS) monitoring system along large rivers. In the Upper-Hun-

garian Danube, the first Hungarian monitoring site with state-of-the-art instrumentation is cur-

rently under construction according to international guidelines and recommendations (e.g. 

Haimann et al. 2014). Our objective is to test different SS analysis methods in order to develop 

an integrated, time- and cost-effective SS measurement protocol, as the currently used moni-

toring method (pump sampling at 5 pre-fixed days per year; the suspended sediment concentra-

tion (SSC) determined by the evaporation method) is costly and time-consuming, and not 

suitable for detecting spatial and temporal variability of SS transport characteristics (i.e. SS 

load (SSL), SSC, particle size distribution (PSD)). As the monitoring site will consist of a near-
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bank turbidimeter and a horizontal-looking Acoustic Doppler Current Profiler (ADCP), we 

tested different acoustic and optical instruments and compared them with the filtration method.  

2. MEASUREMENT PROTOCOL 

During the field measurements, we took samples with an US P-61-A1 isokinetic sampler ac-

cording to the multi-point method (in 5 verticals, in 5 measurement points per each). Addition-

ally, an Acoustic Backscatter Sensor (ABS), the LISST-ABS was fixed on the isokinetic 

sampler to collect acoustic backscatter data from the same point as the physical sampling. In 

order to calculate the SSL, we carried out flow measurements with a 1200 kHz ADCP instru-

ment. This was supplemented with cross-sectional ADCP measurements. In order to determine 

the SSC, we tested different direct and indirect methods. We performed the followings: (i) pos-

itive pressure filtration (0.45 μm), (ii) laser diffraction analysis using the LISST-Portable|XR, 

(iii) turbidity measurement using the VELP TB1 portable turbidimeter, (iv) in-situ acoustic 

backscatter data collection with the LISST-ABS, and (v) calibration of the ADCP relative 

backscatter. 

3. RESULTS AND DISCUSSION 

Strong relationships could be established between the filtration method and both the optical 

methods (LISST-Portable|XR: R2 = 0.94, VELP: R2 = 0.97), and the acoustical LISST-ABS 

(R2 = 0.89) which means that these indirect instruments can be calibrated with great reliability. 

However, we found that the reliability decreases above 150–200 mg/L (which occurs during 

high water regimes) in all three cases. The LISST-Portable|XR is an instrument that can provide 

information about the PSD as well. According to the results, at this section, the SS material is 

homogeneously distributed silt, with a mean size of 10–35 µm. Based on our previous study on 

another Danube section (Pomázi and Baranya 2020), only the LISST-ABS measurements are 

expected to be sensitive to size effects within this range of particle size.  

We examined how the LISST-ABS would work as a near-bank turbidimeter, and established 

a strong connection (R2 = 0.96) between the calibrated near-bank LISST-ABS concentration 

and the total cross-sectional SSL. It seems, that the future near-bank turbidimeter will be a suit-

able instrument of the SS monitoring indeed.  

In case of the ADCP calibration, the established relationship is only moderate (R2 = 0.60) 

and more scattered which could be explained by the calibration process (Gartner 2004) itself as 

many parameters are needed to be determined (instrument-specific constants and coefficients 

that depend on water and sediment characteristics). However, we believe that the calibration 

can be used for qualitative analysis and thus, the spatial and temporal variability of SS moni-

toring can be enhanced. 
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A b s t r a c t  

Pumping in waterways, particularly in artificial canals, is energy-intensive, costly and may be 

responsible for the emission of large quantities of CO2. Innovative pumping technologies have 

the potential to reduce energy consumption; but their performance needs to be thoroughly 

assessed. This communication presents the design, sizing and construction of an experimental 

test bench for evaluating the performance of large submersible and dry-action centrifugal 

pumps typically used in waterways. It enables testing prototype-scale pumps and was de-

signed in close collaboration with stakeholders such as canal operators. This experimental 

facility is challenging on many aspects given its size, as well as requirements for power supply 

and for measurement of system efficiency. 

Keywords: experimental test bench, waterways, pumps, stainless steel pipe design, flow in-

strumentation. 

1. DESIGN AND SIZING 

The overall objective of the test bench is to enable monitoring the efficiency of submersible 

and dry-action centrifugal pumps under a broad range of operating conditions. The primary goal 
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being the assessment of pumps typically used for lifting water in artificial waterways, the ca-

pacity requirements for the test bench were defined in close collaboration with stakeholders, 

mostly canal operators. This lead to the following specifications: pressure up to 10 bars, flow 

rate up to 0.3 m³/s, power supply up to 300 kW and pumps of up to 2 tons in weight (Table 1). 

Given these specifications, various aspects of the test bench were designed and sized: layout of 

stainless steel pipes, pipe diameters, water supply system, regulating valve, energy dissipation 

system, power electronic boxes with safety and emergency systems, pressure measurement de-

vices and release of entrapped air, among others. A closed-loop system was selected. The over-

all layout is represented in the CAD model shown in Fig. 1. The positioning of dry-action 

pumps to be tested is sketched on the right side of the figure, while submersible pumps to be 

tested shall be installed inside the large tank (visible on the left of the figure). 

Table 1 

Main characteristics of the test bench 

Tank characteristics Pump characteristics Test bench characteristics 

Weight 3.5 T Weight max 2 T Sensors 10+ 

Capacity 30 m3 Power max. 300 kW Area 8 m × 10 m 

Diameter 3 m Flow rate max. 300 l/s Piping weight 2 T 

Height 4.5 m Pressure max. 10 bar Height max. 4.5 m 

 

Fig. 1. Layout of the test bench. 

The measurement system includes a flowmeter, a regulating valve (to adjust the head), pres-

sure transducers as well as a power analyser and NI data logger. The main pipes have a diameter 

DN350, allowing friction losses to remain relatively low and ensuring that the diameter of the 

pump outlet is smaller than the pipe diameter. Sufficiently long straight pipe sections are placed 
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at the inlet of the flowmeter as well as for the suction pipe of dry-action pumps, to ensure 

uniform velocity distribution and equalised pressure on the considered section as this helps 

avoiding swirl conditions. 

The diameter and the height of the main tank were determined to prevent swirl conditions 

at the inlet of the submersible pumps (Sulzer-Pumpen 2010). Given the resulting dimensions 

(3 m in diameter and 4.5 m in height), the main tank was not available off-the-shelf; but it was 

manufactured on purpose for the test bench. It is made of stainless steel and its sizing accounts 

for a variety of constrains, including mechanical strength (finite element simulations were per-

formed to size the curved door and lid), manufacturing process, pump installation procedure 

and test operations. The door is curved to withstand the inside pressure when the tank is filled 

with water. The stainless steel sheets are all minimum 6 mm thick. An energy dissipation sys-

tem, made of several distribution pipes (in dark blue in Fig. 1), is installed at the inlet of the 

tank to further contribute to avoiding swirl conditions close to the inlet of submersible pumps. 

A regulating valve is used to adjust the head losses in the hydraulic loop by varying the valve 

opening angle (between 30° and 70°). Given the specifications on the operation range of the 

pumps to be tested, a butterfly valve of diameter DN200 was selected.  

2. OPERATION 

Once a pump is installed, the operating procedure is the same for both submersible and dry-

action pumps. The regulating valve and the rotation speed of the pump are electronically steered 

to browse a range of operating points. The pump is started at its nominal rotating speed, with 

the lowest opening angle of the regulating valve (30°). While the measurements in the bench 

are continuously recorded at a high frequency, the opening angle is increased by steps of 10°, 

up to the maximum flow rate of the pump or the valve maximum opening angle is reached. 

Then, the operation is repeated in reversed order, by decreasing the valve opening angle by 

steps of 10°. Next, the pump rotating speed is decreased by a predefined step and the whole 

operation is repeated again. This enables characterizing steady operating points of the pump for 

a representative range of heads and rotational several speeds. The characteristic curve of the 

pump can be redrawn with associated performance for nominal and non-nominal operation. 

Submersible pumps to be tested are placed inside the tank through the door using a fork truck 

lift machine and the bridge crane installed at the top of the tank while dry-action pumps are 

placed inside laboratory. 
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A b s t r a c t  

The experimental and numerical simulation of the three dimensional flow around fully 

submerged vertical aligned square and circular cylinder due to steady current over plane bed 

is reported. The focus of the present investigation is toward assessing the flow characteristics 

and reattachment length around these cylinders. Streamlines around these cylinders are ob-

tained from normalized longitudinal velocity. In addition, power spectra are determined to 

explain the variation of dominant vortex shedding frequency around cylinders, which is em-

ployed to determine the entrainment of the bed sediment particles around these cylinders. The 

dominant shedding frequency is evident for circular than square cylinder. Results show that 

the magnitude of the normalized streamwise velocity is 20–40% less for square than circular 

cylinder. Further, scour prone zone is determined from the bed shear distribution around var-

ious cylinders. Bed shear stress is higher for circular than aligned square cylinder. Reattach-

ment length is higher for higher size of the cylinders.  

Keywords: alignment angle, fully submerged cylinders, bed shear stress, submergence ratio, 

reattachment length. 

1. INTRODUCTION AND OBJECTIVES 

A vertical cylinder turns into fully submerged when the depth of flow is above the cylinder’s 

height. Various investigations were reported, which focus on the flow around the cylinders. 

In addition, the majority of the investigations were carried out to measure the flow charac-

teristics around the different shapes of fully submerged structures, but there is deficiency of 

data on the effect of alignment angle on the flow around square cylinder over plane bed. More-

over, the present study focuses on the variation of maximum bed shear stress around aligned 

square cylinder over plane bed.  
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2. MATERIAL AND METHODS 

The study provides the measurements of the flow characteristics around submerged vertical 

cylinders in a rectangular open channel over the plane bed. Further, numerical simulations were 

carried out to validate the experimental results. Velocity measurement at different sections aro-

und the submerged cylinders were carried out using Acoustic Doppler Velocimeter (ADV). 

Numerical simulations were performed using COMSOL Multiphysics 5.0 with k- turbulence 

closure model. The simulations are also used to investigate the variations of flow characteristics 

and reattachment length around the submerged cylinders. The simulations show the variation 

of reattachment length with the variation of submergence ratio, velocity and orientation of the 

square cylinder. In this study, the steady-state Reynolds Averaged Navier-Stokes equation 

(RANS) with constant turbulence viscosity for the conservation of mass and momentum equa-

tions were used for the simulation of the recirculating flow around the submerged cylinders. 

The geometry boundary elements were distincted  into triangular or quadrilateral. The grid spa-

cing was considered adequate for the convergence of solution and resembled good agreement 

with the experimental results.  

3. RESULTS 

Results show that re-attachment length is higher for larger diameter of the cylinder as well as 

the square side of the square cylinder. Reattachment length is 10–35% more in the case of 

square cylinder compared to the circular cylinder. The higher recirculation zone is noticed in 

the mid-depth compared to near the bed and free surface for all the submerged cylinders, 

whereas the center of the eddy reduces due to increasing of submergence depth for all the sub-

merged cylinders. The flow separation is evident at the top of the fully submerged cylinders 

below the free surface. Bed shear stress is found to be higher near to the submerged cylinders 

and it decreases away from the cylinder, which is shown in Fig. 1. Besides, the bed shear in-

creases with alignment angle in the downstream, whereas it decreases in upstream and trans-

verse directions of the square cylinders. 

 

 

 

Fig. 1. Variations of  

normalized bed shear 

stress ( b̂ ) with x̂  

and r̂ :  A ( = 0), 

B ( = 90), and 

C ( = 180). The 

peak of power spectra 

is significant for cir-

cular cylinder than 

square and aligned 

square cylinder. The 

peak shows the 

strength of vortices to 

transport the bed sed-

iments around the 

cylinders. 
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A b s t r a c t  

In this study, the comparison of measured suspended sediment concentrations, calculated light 

transmissivity and underwater images was done in order to assess the visibility conditions in 

a large river and to investigate the opportunities of a possible forecasting methodology that 

could support diving operations and underwater image processing methods. Further discus-

sion will be made based on the first set of results. The measurements were carried out in the 

Hungarian section of river Danube. 

Keywords: suspended sediment, river, transmissivity, underwater camera. 

1. INTRODUCTION 

Underwater diving operations in rivers are always hazardous due to the limited visibility con-

ditions and strong currents. Hence, pre-monitoring of the diving sites in terms of physical con-

ditions is essential. Acoustic Doppler Current Profiler (ADCP) measurements not only give 

information about the flow velocities, but the suspended sediment concentration (SSC) can also 

be assessed (Pomázi and Baranya 2020), playing an important role in visibility. Moreover, SSC 

values can provide the so-called optical transmissivity parameter (i.e. the proportion of visible 

light transmitted through unit distance of the turbid medium) (McCarthy et al. 1974). This could 

give information for the divers about visibility distance. In this study, we used ADCP measure-

ments to estimate SSC and optical transmissivity in a case study in the Hungarian Danube. 

Nowadays, computer vision and image-processing methods are rapidly improving and 

spreading into more and more field of engineering, for instance, hydraulic engineering. In our 

earlier study of river Danube (Ermilov et al. 2020), underwater cameras were deployed on the 
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field to take images of the riverbed and bedload to quantify grainsize distributions and bedload 

transport rate. These images were used here to validate the calculated optical transmissivities.  

2. METHODOLOGY 

In a recent study (Pomázi and Baranya 2020), we tested a 1200 kHz ADCP to derive SSC dis-

tributions from acoustic backscatter. Time-averaged echo intensity (EI) profile (Fig. 1a) could 

be determined from fixed-boat ADCP measurement. We performed the calibration by the so-

called sonar equation (Gartner 2004), establishing a relationship (R2 = 0.60) between the rela-

tive backscatter and the measured SSC. An example for the calibrated SSC profile is shown on 

Fig. 1b. Additionally, we analysed the above-mentioned physical samples with the LISST-

Portable|XR laser diffraction device applying the Mie-theory for quartz particles. Besides SSC, 

laser diffraction provides particle size distribution of the suspended sediment in the 0.34–

500 µm size range, as well as the optical transmission (%) of the samples. Based on the rela-

tionship between the SSC and the optical transmission data, we estimated the vertical variation 

of transmissivity due to suspended sediment particles (Fig. 1c).  

When measuring the sediment conditions along the water columns with ADCP and physical 

samplings, a camera was also lowered from the measurement vessel. The footages here were 

used to check the colour range of the infiltrating natural light, depending on the water depth 

and SSC. The changes in the colour are clearly visible in Fig. 1d. We found, that the boundaries 

are related to the inflexions of the optical transmission profile. Besides, estimation of visibility 

distances could also be done to validate the calculated optical transmissivity.  

 

Fig. 1: a) Echo intensity profile, b) calibrated SSC profile, c) optical transmission along the vertical, 

d) example of images from one vertical, taken during the lowering of the camera (top: close to the water 

surface, bottom: riverbed).  
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A b s t r a c t  

The present study investigated flow characterization around tandem piers of circular 

shape having diameter (d = 8.8 cm) at different radial angles, θ = 0°, 45°, 90°, 135°, and 180° 

and compared with single pier of same diameter on rigid bed condition with identical flow 

conditions. The velocity fields at different depth around piers was measured using Acoustic 

Doppler Velocimeter (ADV). To characterize the flow, turbulence intensities, turbulence ki-

netic energy, and Reynolds shear stresses distributions are quantified and plotted for single 

and tandem piers. The Reynolds shear stresses are increased by 30% around the front pier and 

decreased by 30% around rear pier in tandem pier arrangement vis-à-vis single pier. In tandem 

case, turbulence intensity has shown 30% increase in front pier and 30% decrease in rear pier, 

as compared to the single pier. Further, in tandem arrangement, it has been found that there is 

significant decrease in the turbulence kinetic energy around the rear pier (≈ 50%) vis-à-vis 

single pier. 

Keywords: tandem arrangement, rigid bed, turbulence intensity, reynolds shear stress. 

1. INTRODUCTION 

The flow characterization around tandem piers are important to understand flow field dynamics. 

Several researchers attempted to study the turbulence around tandem piers in the past (Ataie-

Ashtiani and Aslani-Kordkandi 2013; Laxmi Narayana et al. 2020). Further, Ataie-Ashtiani and 

Aslani-Kordkandi (2013) explored turbulence parameters around tandem piers on rigid bed and 

found that all these parameters are decreasing in tandem case in comparison to isolated case. 

However, the turbulence characteristics around the tandem piers at different radial angles 

(θ = 0°, 45°, 90°, 135°, and 180°) was not studied in detail in past. This study is focussed on 
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characteriation of turbulence fields around tandem bridge front and rear piers on rigid bed con-

dition. 

2. EXPERIMENTATION AND METHODOLOGY 

The experiments around the single and tandem piers are performed using steel pipe as pier, 

having diameter 8.8 cm (Fig. 1). The pier is placed at predefined location and water was re-

leased into channel using SCADA system; a calibrated flow meter was fitted to inlet pipe to 

measure the water discharge. At 1 m upstream of the pier, at centreline of the flume, instanta-

neous 3D velocities were measured using ADV at several vertical positions starting from 0.5 cm 

above the bed at sampling frequency 40 Hz over a period of 180 seconds. The collected raw 

signals were post processed to eliminate the possible noise in the signals using phase space 

threshold technique proposed by Goring and Nikora (2002). The processed velocity signals 

were checked on Kolmogorov’s scale. 

Fig. 1. Schematic of ADV data collection around the (a) single pier, and (b) tandem pier. 

3. RESULTS AND DISCUSSIONS 

The turbulence kinetic energy, turbulence intensity, and Reynolds shear stresses are computed 

as per studies of Ataie-Ashtiani and Aslani-Kordkandi (2013). The results revealed that the 

parameter has been found to increase around  X/d = 2  in both configurations (X – distance from 

centre of pier in downstream, and d – diameter of the per). Further, higher turbulence kinetic 

energy has been found for single pier condition vis-à-vis tandem pier. Also, it is seen that, the 

parameter is maximum at  θ = 180° (θ is measured from positive X-axis passing through centre 

of pier in anticlockwise direction). 

The analysis of Reynolds shear stresses revealed that, as the flow approaches the pier, the 

component  
−𝑢′𝑤′̅̅ ̅̅ ̅̅ ̅

𝑈2
  is maximum at  θ = 0°  due to the downflow created just upstream of the 

pier. The Reynolds shear stresses have been found to decrease with increase in the angle with 

minimal value at  θ = 90°. The analysis also revealed that, shear stresses are 30% smaller in 

case of tandem pier vis-à-vis single pier condition. 

The analysis of turbulence intensity revealed that, the parameter is increased with increase 

in the angle in both the cases. It was found that the turbulence intensities behind the single pier 

(θ = 180°), were strong, due to flow separation. Further, turbulence intensities are found to de-

crease by 30% behind the front pier in tandem pier condition vis-à-vis single pier condition at 

the same location. 
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A b s t r a c t  

Image processing techniques we deployed to measure bedload transport characteristics. The 

bedload velocity was successfully measured and in some cases the bedload concentration and 

particle size were estimated. Two different approaches were used and good corelations were 

reported from both the laboratory and the field data. Comparing the field video results to con-

ventional bedload sampling measurements showed promising results for further development 

of the image-based techniques. Moreover, the captured videos could help understanding the 

performance of the conventional samplers, pointing out typical sampling errors. 

Keywords: sediment transport, image processing, bedload, image velocimetry, bedload moni-

toring. 

1. INTRODUCTION 

In the last few decades, various videography techniques have been developed to investigate the 

behavior of the bedload particles, mostly on a small scale and in controlled conditions. These 

techniques are usually applied for very weak transports and mostly to examine the incipient 

motion of the particles. The image processing techniques such as optical flow and image dif-

ferencing have been successfully applied to calculate the mobile bed velocity, the surface con-

centration of mobile particles and the shape of the particles when gravel transport takes place, 

both in laboratory and field environment (Radice et al. 2006; Conevski et al. 2019; Ermilov et 
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al. 2020). In this study, two image-based methods are implemented and their applicability in 

various bedload transport conditions is discussed. 

2.  METHODOLOGY AND RESULT  

2.1 Experimental set ups and data post- processing 

GoPro cameras (4k, 2.7 k and 1080 p; 30 and 60 fps) were used to record videos for both labor-

atory and field measurements. In the laboratory the camera was mounted at the centre of the 

flume filled with sediment material which had a bedload trap at the end measuring the bedload 

mass at 1 Hz. Three different bedload transport conditions were performed with medium sand 

(0.35 mm) and fine gravel (7 mm). In the latter case, the device was fixed to a bedload sampler 

and was lowered from a boat to the riverbed. Underwater lights ensured adequate light source 

and visibility in both experiments.  

The image data processing followed the same procedure as explained in Conevski et al. 

(2019), involving image enhancement, image de-blurring and applying the image subtraction 

method (i.e., two-frame change detection). The excluded changes are considered as single par-

ticles (e.g., gravel) or fluxes of particles movements. 

The second method, applied for the field data, was based on the statistical background 

method extraction. The method is adaptive, e.g., when a particle settles the background will be 

updated. Then, the same procedure of subtracting and identifying the background and fore-

ground pixels is applied in both methods. The false pixels were filtered out by using threshold 

and low pass filtering. Next, the velocities are calculated by using cross correlation methods 

(i.e., PIV methodology). A cut off velocities derived from the measured water velocities were 

used to screen the final velocity outputs. The particle size (e.g., gravel bed) and the bedload 

concentration (e.g., sandy bed and sand-gravel) were calculated based on the detected fore-

ground pixels. 

2.2 Results and discussion 

Good correlation coefficients (Pearson), between bedload transport rate and the camera meas-

ured velocities, were observed in both lab (r ~ 0.8, Fig. 1a) and field study (r ~ 0.6). The meas-

urement with sandy sediments gave higher deviation due to the random resuspension of 

particles from the bedload. By considering a characteristic sediment density and converting the 

particle size from pixel to millimetres, the mass of the bedload transport was estimated 

(Fig. 1b). 

                                                            a)                                                                                 b) 

 

Fig. 1: a) Camera velocities vs bedload transport rate (lab), b) field data – calculated mass of 

bedload per unit width (field). 
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The different methods and their results highlighted the possible limitations (e.g. high sus-

pended sediment concentration – poor visibility). Nevertheless, at lower sediment transport 

conditions, image-based techniques are for a good alternative and can significantly decrease the 

time- and labor demand of bedload sampling measurement campaigns. 
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A b s t r a c t  

The knowledge of riparian vegetation bio-mechanical and morphometric features is one of 

the main topics in the analysis of the hydrodynamic interaction between riparian plants and 

water flow in vegetated streams. In this work, the scanning of real riparian plants was per-

formed through a portable device composed of RGB sensors and structured-light 3D scanner, 

and the outcomes of the 3D image processing in terms of Plant Area Index (PAI) based on 

Digital Hemispherical Photography (DHP) were compared and then employed in real-scale 

hydraulic simulations. The results of this study furnish useful insights to ecohydraulic re-

searchers dealing with ecohydraulic experimental analyses and numerical modeling of real 

vegetated flows. 

Keywords: real vegetated flows, 3D scanning, riparian vegetation, morphometry, modeling. 

1. INTRODUCTION 

Predictive and numerical ecohydraulic modeling of vegetated channels aim at investigating the 

effect of flow – riparian vegetation interaction on their hydrodynamic behaviour, as pointed out 

by Lama et al. (2020). The Authors reported that one of the main challenges of ecohydraulics 

is the knowledge of riparian plants’ bio-mechanical and morphometric features in the field. in 

this context, the easiest way to acquire these properties is embodied 3D scanning of riparian 

reed beds based on structured-light 3D scanner, a portable device which sensors measures the 

Near-InfraRed (NIR) pattern projected across reed canopy, while an additional InfraRed sensor 

captures the reflected light pattern. 
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2. PRELIMINARY RESULTS  

The 3D scanning outcomes in terms of Plant Area Index (PAI) of 20 woody riparian vegetation 

stands were compared to those based on Digital Hemispherical Photography (DHP) processing. 

The preliminary results of this work will be employed to simulate a vegetated reclamation chan-

nel examined by Errico et al. (2019), which performed hydraulic and vegetation measurements 

at upstream channel’s cross-section equipped with an acoustic Doppler velocimeter (ADV), to 

estimate the accuracy of the hydraulic simulations by comparing the experimental and modeled 

flow average velocities U and water levels h. Figure 1 shows the main processing steps of 3D 

scans for the examined woody riparian vegetation stands. 

 

 

 

Fig. 1. Examples of 3D scan processing for: (a) soil detection, and (b) PAI estimations. 

 

 

 

 

 

 

 

 

 

Fig. 2. Comparison of PAI derived 

by DHP and 3D scanner acquisi-

tions corresponding to 20 woody 

riparian plants’ stands. 

 

 

In Fig. 2 are shown the accuracy of the hydraulic simulations, performed by comparing the 

experimental and modeled flow average velocities U and water levels h, expressed in m. 

Figure 2 shows that DHP- and 3D scan-based PAI estimations of the 20 examined riparian 

samples are highly correlated, testified by a coefficient of determination  R2 = 0.80. 
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A b s t r a c t  

Spatially and temporally distributed in-situ wave data is difficult or expensive to collect, how-

ever, such a dataset is important for understanding wave propagation and validating numerical 

models. Here we explored an alternative to array of underwater pressure gauges, consisting 

of cheap and easy-to-install ultrasonic wave gauges mounted on tripods above the water sur-

face, measuring the downward distance, equipped with telecommunication modules and solar 

panels. In a pilot application, these wave gauges were deployed in a shallow lake, and their 

data was compared to those collected simultaneously with an underwater, upward looking 

echosounder. The presented network proved to be able to provide an accurate picture of the 

sea state at a fraction of the cost of a “professional” instrumentation. 

Keywords: wave gauge, acoustic surface tracking, ultrasonic distance measurement. 

1. INTRODUCTION 

In the presence of patchy emergent vegetation, for example, the wave field has a high spatial 

and temporal variability, as it is influenced by refraction and diffraction. In order to sample 

wave characteristics at many frequent combinations of wind and mean water level on the field 

with high enough likelihood, sufficiently long-term and spatially distributed measurements 

must be performed. In order to reduce the costs of such a survey, we developed solar-powered, 
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networked ultrasonic wave gauges, whose low cost make them affordable for array measure-

ments, e.g. in a regular pattern just a few hundred meters from each other. The paper describes 

the technical details and the validation through a pilot study. 

2. MEASURING INSTRUMENTS 

Our wave gauges track the distance of the water surface from a fixed point above the water 

surface with a ubiquitous ultrasonic car parking sensor, same as those integrated into bumpers. 

The instrument is equipped with a battery, a solar panel, a microcontroller including a time 

module, an SD card and a radio communication module. Earlier the gauges were successfully 

operated at a frequency of 1 min–1 in order to observe slower wind-induced water level fluctu-

ations in a channel system connected to a lake (Krámer et al. 2020). In this study, the gauges 

were adapted to measuring wave parameters using 5 Hz sampling frequency. 

For validation, we carried out a pilot study in a bay of Lake Fertő (Austria/Hungary). The 

average water depth of the measurement area was only between 60 and 80 cm. The transducer 

of the gauges was placed above the water level, on aluminium tripods, looking down vertically 

towards the water surface. Moreover, a single Nortek Signature 100 acoustic Doppler current 

profiler placed on a cross-shaped platform on the lake bottom, was operated simultaneously to 

validate one of the down-looking gauges. Due to the constraining shallowness, the only useable 

information from this instrument was the ultrasonic surface tracking. Additionally, the wind 

was recorded close to measuring area by a sonic anemometer placed on a 4 m tall mast. 

3. RESULTS 

Figure 1 gives insight into the validation through the derived bulk wave parameters from spec-

tra at one of the gauges for a three-day-long period. The Nortek Signature surface tracking was 

considered an accurate and detailed reference. The estimation of significant wave height Hm0 

from the down-looking gauges was found to be accurate and unbiased. Whereas the wave period 

Fig. 1. Measured time series between 30 October and 2 November 2020. From top to bottom: wind 

speed, significant wave height Hm0, and wave period Tm01. Red – underwater surface tracking by the 

Nortek Signature, black – down-looking gauges. 
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Tm01 was also quite well resolved during wind speeds exceeding 5 m/s, it was overestimated 

during calm periods. As is known, unlike Hm0, the wave period Tm01 depends not only on the 

zero-order, but also on the first-order moment of the power spectrum, and so, it is sensitive to 

high-frequency noise. The low accuracy during weaker winds is not seen as a major drawback 

when the impact of waves on sediment motion must be characterised, as waves below 2 centi-

metres do not generate significant turbulence near the bed anyway. 

4. OUTLOOK 

The easy deployment and the successful validation of the lightweight down-looking wave 

gauges encourages their application in lake studies. Thanks to their low cost, the gauges can be 

deployed in large numbers in this shallow, fetch-limited environment. The solar panels ensure 

that their operation is autonomous, which helps lower total costs further. As the next step of the 

development, the low-power wide-area LoRa (Long Range) module installed on the gauges to 

provide online communication with the gauges will be tested, with the vision of real-time pro-

cessing and visualisation of the sea state. 
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A b s t r a c t  

Laboratory investigations into the breaching of rockfill dams is an ongoing research at NTNU. 

The current model represents a full dam profile and is a development of earlier models used 

for investigating stability of rockfill dams and ripraps under throughflow and overtopping 

situations. Instrumentation of the model includes pore pressure measurements along the dam 

foundation, water level recording and video recording from multiple angles. Video is used to 

extract images at intervals throughout the breaching process and 3D models of the breach 

opening created using “structure from motion” and “multi view stereo” processing techniques. 

The overall aim is to enhance current knowledge on the breaching of rockfill dams. Modelling 

of the impervious element is a major challenge for the experiments and the process of finding 

an appropriate solution to this is described in the present study along with preliminary results. 

Keywords: dam breach, rockfill dams, structure from motion. 

1. INTRODUCTION 

The current research is based on a continuous series of laboratory tests combined with some 

large-scale field tests and other field investigations starting in 2013. The original focus was on 

the stability of riprap on dams (Hiller et al. 2018, 2019). Further work was done on riprap sta-

bility as well as investigating throughflow in rockfill dams (Ravindra et al. 2019, 2020a,b), and 

how this affects overall stability and how different toe designs affect throughflow and stability 

(Kiplesund et al. 2021). One of the important outcomes of this research has been the description 

of failure mechanisms and quantification of the increased safety provided by dumped and 

placed ripraps as well as how the factor of safety is affected by the throughflow conditions in 

the downstream supporting fill. Present work is focused on breach initiation and development 
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in rockfill dams. To describe breach development beyond the initiation a redesign of the model 

to incorporate a breachable core element rather than a fixed core as in earlier experiments was 

necessary. This work discusses the challenge relating to acceptable modelling of the impervious 

element, i.e. the core, and provides related results from SWOT analysis and pilot experiments. 

Some observations on breach development can also be drawn at this early stage from the com-

pleted tests. 

2. EXPERIMENTAL SETUP 

The rockfill dam model is situated in a 25 m long flume in the hydraulic laboratories at NTNU. 

Figure 1 shows the model setup. The breaching process is recorded with strategically located 

video cameras for creating 3D models using “structure from motion” and “multi view stereo”. 

Additionally, pore pressures along the base, upstream water levels and inflow are recorded. The 

dam body comprises about 5000 kg of well graded rockfill, scaled from observed rock grada-

tions in existing dams. Two main materials have been tested for the core: a tiled extruded foam 

core and a rubber membrane. The experiments are ongoing but currently a total of six pilot tests 

have been carried out. Currently the first test with a riprap protection is about to be performed. 

 

 

   

Fig. 1. Laboratory setup (left) and example of breached dam (right). 

3. ANALYSIS  

There are restrictions on the use of fines in the flume due to a circulation system. Consequently, 

the conditions do not allow for a realistic modelling of a clayey core. Hence, the main goal of 

the presented experiments is to realistically model the breach formation in the rockfill itself. 

Thus, different criteria for a successful test series were defined and included: a realistic phreatic 

line prior to and during the overtopping situation; reasonable effect of the watertight membrane 

on the breaching; and ease of separating the core material from the rockfill remains. A SWOT 

analysis was conducted in the selection process. Furthermore, a work process has been devel-

oped to analyse the breach process using 3D models created by extracting synchronized frames 

from the videos. Through this work many lessons have been learned on optimal camera settings, 

alignment, number of cameras, lighting, etc. 
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4. RESULTS 

The SWOT analysis aided in modelling strategically the watertight membrane. Analysis of data 

and videos from the experiments supported the selected strategy and has proven to be important 

in analysis of the breach process. The main outcome is that the research can continue with the 

rockfill, adding riprap on the dam slopes to further investigate the effect of riprap erosion pro-

tection on the breaching process using the selected instrumentation and tools. 
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A b s t r a c t  

Local scour has been widely identified as one of the primary threats to bridge pier stability. 

To better understand how the turbulent flow field modified by bridge piers interacts with the 

bed surface, it is relevant to assess the flow structures that are potentially sufficient to remove 

the bed material. Thus, the accuracy and measurement quality in estimating the flow field is 

of primordial importance, mainly in a well-controlled laboratory environment. In the present 

study, time-averaged velocities and Reynolds shear stresses were measured by using a high-

resolution acoustic velocimeter. Due to the highly turbulent nature of the flow, an assessment 

of the signal acquisition time’s influence on the statistics of turbulent quantities is performed, 

including the inherent uncertainties regarding the flow field measurement technique. The re-

sults showed that the required sampling time for mean and fluctuation velocities, and the lat-

eral Reynolds shear stress, differ by one order of magnitude. 

Keywords: acquisition time, downlooking vectrino, statistical parameters, velocity measure-

ments. 

1. INTRODUCTION 

The presence of a scour hole at the vicinity of a pier radically alters the turbulent flow field and 

its hydrodynamic characteristics. For instance, the bed shear stress and turbulence quantities 

are strengthened, which induces further sediment transport and scour development at the pier 

vicinity. The increased horseshoe vortex and the turbulent energy indicate that different mech-

anisms trigger the flow field structure when a scour hole is present, requiring further research 

to deepen the understanding of the pier scouring process (Li et al. 2020).  
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The measurement quality of the turbulent flow field around a bridge pier model, using 

a high-resolution acoustic velocimeter (also called vectrino), is strongly influenced by three 

main factors: (i) the signal acquisition time, (ii) the type of seeding particles, and (iii) the align-

ment of the probe. The current work focuses on the assessment of the signal acquisition time 

for measuring the flow field and its influence on the statistics of turbulence characteristics. 

 

2. ACQUISITION TIME INFLUENCE 

Flow and turbulence characteristics at an eroded bed stage around a 0.14 m wide oblong pier at 

the flume mid-plane surface were assessed, with respect to the vectrino signal acquisition time, 

in order to check the time needed to get stable time-averaged values. The local scouring exper-

iment belongs to a campaign composed of six fixed bed experiments performed in a recirculat-

ing tilting flume, located in the National Laboratory of Civil Engineering (LNEC), in Lisbon, 

Portugal (Bento 2021). An acquisition of 30 min with a 4-beam down-looking probe, with 

200 Hz of sampling frequency (totalizing 1800 data samples), in a point situated at an upstream 

distance of 0.09 m from the front edge of the bridge pier (0.20 L and 1.5 W, being L the total 

pier length, perpendicular to the main flow direction, and W the effective pier width), and at 

a distance of 0.223 m from the bed surface, were used for this work. The experiment was per-

formed at steady flow conditions and with the introduction of seeding particles into the flow.  

Measurements were filtered using ExploreV to reject points with a correlation coefficient 

less than 70% and signal-to-noise ratio (SNR) less than 15 dB for ensuring the reliability of 

instantaneous velocity data (Beheshti and Ataie-Ashtiani 2010). The recorded signals were 

characterized by a mean correlation value of 90% and a mean SNR of 22 dB. A sensitivity 

analysis of the sampling time for measuring the time-averaged streamwise velocity and fluctu-

ation (𝑢̅ and 𝑢′̅, respectively), and the lateral Reynolds shear stress (𝑢′𝑣′̅̅ ̅̅ ̅̅ ) was undertaken.  

The time needed for the stabilization of 𝑢̅ and 𝑢′̅ was lower than one order of magnitude for 

𝑢′𝑣′̅̅ ̅̅ ̅̅ . After 10 seconds, 𝑢̅ indicated a relative difference of less than 2%, when compared with 

the time-average value for 0.5 hours of the down-looking vectrino acquired signal. For 𝑢′̅, a rel-

ative difference of 2% was attained after 88 seconds. The variable that required longer time to 

stabilize was the lateral Reynolds shear stress. For this case, a relative difference of 5% was 

ensured after 297 seconds of acquisition. These values are in line with studies in the literature, 

which acquisition times range from 60 to 300 seconds (Li et al. 2020, among others).  
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