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ABSTRACT 12 

This paper studies how to improve the efficiency of a new System for Catchment, Pre-treatment 13 

and Treatment of runoff water (SCPT). This system is integrated into an urban sustainable 14 

gravity settler which can decrease diffusive pollution. This study provides important 15 

advantages for the ecosystem by improving new sustainable drainage to clean runoff water. In 16 

this research work, an investigation methodology known as Hybrid Engineering (HE) was 17 

used. HE combines experimental tests and numerical simulations, both of them conducted on 18 

a 1:4 scale prototype. In this study, numerical simulations by the Finite Volume Method (FVM) 19 

and experimental tests by Particle Image Velocimetry (PIV) were compared. A strong 20 

correlation between the numerical and experimental analysis was found. Next, the efficiency 21 
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of the SCPT was optimized by Design of Experiments (DOE). Analysis of experimental and 22 

numerical results and their comparison are presented in this research paper. 23 

Keywords: Computational Fluid Dynamics (CFD); Design of Experiments (DOE); Particle 24 

Image Velocimetry (PIV); Sedimentation; Volume modelling; Vortex dynamics. 25 

INTRODUCTION 26 

The pollution of runoff water is an important problem which seriously affects the environment. 27 

The poor quality of storm water which is filtered by the terrain causes contamination known as 28 

“diffusive pollution”. Several solutions for this problem have been studied since the nineteenth 29 

century (Caltrans 2010; Campbell et al.2004; Castro Fresno et al. 2005; Dolz and Gómez 1994; 30 

Novotny 2003). In these previous studies, BMPs (Best Management Practices) were developed 31 

and the efficiency of the new devices was discussed. As a conclusion of these projects, it was 32 

proved that the systems used are not enough to improve the water quality. In this sense, 33 

Fernández Barrera in his Doctoral Thesis in 2009 and other authors developed a new System 34 

of Catchment, Pre-treatment and Treatment (SCPT) of the pollutants of the runoff water. This 35 

new system was patented (Castro Fresno et al. 2010). 36 

The SCPT consists of two sections divided by a flat panel, which is also called the screen. The 37 

function of the first of these sections is as a hydraulic plug where it is possible to retain oils. 38 

Then the water flows under the flat panel and goes inside the second section which works as a 39 

gravity settler. In this second section, geotextil layers can be included in order to filter the 40 

water. This system allows the reduction of the environmental impact due to the contaminants 41 

of the runoff water, one of the most important problems of the storm water. 42 
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This system was tested in a long-term laboratory simulation in order to study its performance. 43 

The SCPT is able to avoid resuspension of contaminants which is an important problem in 44 

other devices. The conclusions of this paper consider the efficiency of the SCPT taking into 45 

account two kinds of pollutants, solids and oils. A review of other Sustainable Urban Drainage 46 

Systems (SUDS) has been published where the main sustainable drainage practices in Spain 47 

are commented (Castro-Fresno et al. 2013). 48 

GITECO research group has continued the investigation of the SCPT carrying out a laboratory 49 

analysis of a 1:1 scale prototype, Fernández Barrera 2009; Rodríguez-Hernández et al. 2010; 50 

Fernández-Barrera et al. 2010). Three parameters were studied in that research work: inflow, 51 

pollutant loads, considering solids and oil in water and the set up of the filtration system. This 52 

study has shown the influence of these parameters on the SCPT efficiency. The results have 53 

given high efficiencies of runoff water treatment: 85% for solids pollutants and 97% for oil in 54 

water. 55 

FVM was already used in previous research works about the SCPT (del Coz Díaz et al. 2011). 56 

Numerical simulations were carried out to study the performance of the SCPT using a 57 

simplified geometrical model. Furthermore, an optimization of the SCPT taking into account 58 

the position of the flat panel and the particles diameter as the input parameters and the SCPT 59 

efficiency as the output parameter was undertaken. The consistent results obtained in this 60 

investigation indicate that FVM is an adequate tool to study this system. Another important 61 

conclusion obtained in this numerical analysis was the large influence of the panel separation 62 

on the efficiency of the SCPT. Finally, in this previous study the final results are kept open to 63 

experimental validations in order to compare both results, numerical and experimental. 64 



Author’s post-print: M. Alonso-Martínez, A. Navarro-Manso, D. Castro-Fresno, F.P. 
Álvarez-Rabanal, J. J. del Coz Díaz. “Improvement of a system for catchment, pre-treatment 
and treatment of runoff water using PIV tests and numerical simulation”.  
Journal of Irrigation and Drainage Engineering. Volume 140, Issue 8 (August 2014) 
10.1061/(ASCE)IR.1943-4774.0000749 
Summarizing, the SCPT is an important contribution to environmental engineering because it 65 

is able to treat storm water and clean it before it filters into the terrain. For this reason, an in 66 

depth study of the system’s behaviour has been developed in this paper in order to increase its 67 

efficiency. The methodology used to complete the SCPT study is based on a combination of 68 

the experimental and numerical studies. This technique is known as Hibrid Engineering (HE) 69 

and has been used in many other fields too (Flamant et al. 2004; Mayurkumar et al. 2012). 70 

In this work, the influence of the flat panel of the SCPT on its efficiency has been studied. A 71 

1:4 scale structure of the SCPT, made of methacrylate, has been studied. This structure is 0.2m 72 

wide, 0.35m. long and 0.25m. high. The flat panel has been studied in several positions, moving 73 

it in vertical and horizontal directions. The scale prototype and the different positions studied 74 

are showed in Figure 1. Experimental scale tests have been developed with this prototype using 75 

Particle Image Velocimetry (PIV). Furthermore, numerical simulations have been carried out 76 

using the Finite Volume Method (FVM) and the best flat panel configuration has been selected 77 

by means of an optimization using the Design of Experiments technique (DOE). Finally, 78 

experimental scale tests have been developed using the Particle Image Velocimetry (PIV) 79 

technique. 80 

 81 



Author’s post-print: M. Alonso-Martínez, A. Navarro-Manso, D. Castro-Fresno, F.P. 
Álvarez-Rabanal, J. J. del Coz Díaz. “Improvement of a system for catchment, pre-treatment 
and treatment of runoff water using PIV tests and numerical simulation”.  
Journal of Irrigation and Drainage Engineering. Volume 140, Issue 8 (August 2014) 
10.1061/(ASCE)IR.1943-4774.0000749 
Figure 1. SCPT scale prototype studied: (a) dimensions and panel positions; (b) general 82 

assembly of the laboratory tests. 83 

The aim of this research paper is to complete the previous investigations about the SCPT, 84 

considering three advanced techniques: numerical simulation by FVM, optimization using 85 

DOE and experimental measures by PIV. 86 

Techniques used 87 

Two different techniques have been used in this study. On the one hand, the PIV technique has 88 

been used to measure the speed of the fluid inside the SCPT scale model. Several parameters 89 

can be obtained using this technique which has been studied by different authors in several 90 

fields (Melling 1997; Raffel et al. 1998; Schroeder et al. 2008; Wang et al. 2009). On the other 91 

hand, a numerical method based on FVM has been used to analyze the behaviour of the system. 92 

Furthermore, DOE has been used to optimize the position of the screen and improve the 93 

efficiency of the SCPT. The combination of FVM and DOE has been used for years 94 

(Zienkiewicz et al. 2005; Madenci and Guven 2007; del Coz et al. 2007).  95 

EXPERIMENTAL TESTS  96 

The PIV technique was used in order to study the performance of a small scale SCPT. This 97 

method has allowed the measurement of the fluid velocity inside the SCPT.  98 

The equipment used in the laboratory tests was a laser PIV system “H41” ( Etalon Research 99 

2009). The PIV technique has been used for measuring the fluid speed at multiple points 100 

throughout a 2D plane. The fluid is seeded with particles which follow the fluid movement 101 

inside a volume. It is possible to deduce the movement of the underlying flow by tracking the 102 
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motion of these particles. This technique is well explained and studied by other authors 103 

(Wereley and Gui 2001; Van Hooff et al. 2012). 104 

A laser illuminates the SCPT, and the camera, which is normal to the illuminated plane, 105 

captures the particle velocity in that section. An electronic control allows pulse separation 106 

control between 100 µs and 5 s, and width pulse control between 10 µs and 32 ms. The software 107 

processes the velocity map by cross-correlation using capture imaged in each laser pulse.. 108 

Furthermore, the equipment has an optical standard system which is able to make a light plane 109 

which is 3x200x250 mm (width x height x length). This optical system can be used with two 110 

angular options, 22º or 45º; in this study only 45º opening has been used. The resolution of the 111 

camera is 640 x 480 with digital output format of 8-bit and the pixel size is 6 x 6 µm (8.5·10-2 112 

m format). 113 

The frequency of this camera is 16 Hz, with a standard photographic lens of 1.25·10-2 m, 1:1.4, 114 

and is able to register distances between 0.3 and 2 m. 115 

The images captured are processed by “rtControl Software”, which was provided by the 116 

equipment manufacturer. This software takes the captured data, divides the images in sub-117 

windows and then analyzes consecutive images by cross-correlation. The time between sub-118 

windows is known and so, the velocity map can be obtained. It is important to take into account 119 

the influence of external factors which can reduce the quality of the images, such as the kind 120 

and size of the seed particles, the reflective surfaces, etc. In this sense, due to the complexity 121 

of the PIV technique the experience of the authors is very important to obtain success results. 122 

This software can also provide other parameters like the velocity vector (in real time) of the 123 

particles in a fluid, and statistical data like vorticity, average speed, etc. 124 
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Set up of the laboratory tests 125 

The configuration of the PIV tests has taken into consideration the following aspects: 126 

 The seed particles, as suggests the PIV equipment manufacturer, are polyamide 127 

particles of 100 µm, whose density is the same as water density. The polyamide 128 

particles have suitable optical properties in order to be illuminated by the laser. 129 

 The superposition of images is not possible. So, the captured plane by the camera must 130 

be smaller than the illuminated plane by the laser. In this case, the maximum plane size 131 

that the camera can capture is 0.5 m. long. In this case, a 1:4 scale SCPT has been used, 132 

whose 2D plane captured is 0.35 m long. 133 

 The scale model inlet is a longitudinal groove in a cylindrical pipe whose volume of 134 

water is about 0.1 l/s in order to obtain a non turbulent inflow. The inlet is immersed to 135 

avoid the turbulence and obtain a regular flow inside the system. Besides, the seed 136 

particles and the water have been mixed before the inlet of the SCPT to make it easier 137 

to follow the water movement. 138 

 The equipment calibration must be done before starting the measures by PIV. This 139 

calibration assigns units to the results of the software. It is important to know that only 140 

the results which have been taken during the same calibration can be compared.  141 

 Several positions of the flat panel have been studied to obtain experimentally the 142 

influence of the screen displacement over the SCPT efficiency, see Figure 1. 143 

The laboratory test assembly is shown in Figure 1,where the laser illuminating the SCPT model 144 

is shown on the left side. Also, the camera normal to the illuminated plane and the software 145 

used are shown on the right side. 146 



Author’s post-print: M. Alonso-Martínez, A. Navarro-Manso, D. Castro-Fresno, F.P. 
Álvarez-Rabanal, J. J. del Coz Díaz. “Improvement of a system for catchment, pre-treatment 
and treatment of runoff water using PIV tests and numerical simulation”.  
Journal of Irrigation and Drainage Engineering. Volume 140, Issue 8 (August 2014) 
10.1061/(ASCE)IR.1943-4774.0000749 
With respect to the PIV equipment configuration, the parameters of the camera and the laser 147 

must be carefully chosen to obtain accurate captures of the fluid movement. These parameters 148 

must be adapted to the fluid velocities inside the scale SCPT. 149 

The maximum velocity of the fluid in the SCPT is at the inlet. This value has been calculated 150 

based on the maximum inlet volume and the minimum inlet surface. The maximum velocity 151 

obtained was below 0.2 m/s. The calibration in this work has been 3.5 mm/pixel. The fastest 152 

particles, therefore, cannot travel more than ¼ of the sub-window size between images. So, the 153 

values of the pulse separation, Δt, and the pulse width, δt, have been estimated accordingly 154 

with equation (1). 155 

3
w maxt 5 S1/ 4 / V ·10        (1) 156 

Δt: pulse separation (s) 157 

Sw: Sub-window size (pixels) 158 

Vmax: Maximum velocity (m/s) 159 

Values of pulse width depend on values of pulse separation according to equation (2). 160 

3t t·10 /10      (2) 161 

δt: pulse width (s) 162 

In addition to the pulse separation and pulse width there are other parameters of configurations 163 

in the PIV camera that depend on the boundary conditions of each test. The values of these 164 

additional parameters are provided in Table 1. 165 

Table 1 Values of the configuration parameters for the PIV camera. 166 
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Parameter Value 

t  58.22 (ms) 
t  4.27 (ms) 

Step Single 
Sub-window size 12 px 
Overlap 50% 
Vector lenght 10 (mm) 
RMS 0.6 

 167 

Six different tests have been carried out, one for each flat panel position inside the scale model 168 

of the SCPT. For horizontal displacements the distances between the inlet wall and the panel 169 

have been 120, 145 and 170 mm, wich are H1, H2 and H3 respectively. For vertical movements 170 

the distances between the end of the panel and the bottom of the SCPT have been 70, 90 and 171 

110 mm, wich are V1, V2 and V3 respectively.The first horizontal position, called H1, cannot 172 

be tested due to its proximity to the inlet fluid. 173 

Taking into account previous research works focused on the flow simulation and sediment 174 

transport over channels (Penko and Calantoni 2013), as well as previous full-scale experiments 175 

over the SCPT (Fernandez Barrera 2009, Fernandez Barrera et al. 2010, del Coz et al. 2011) 176 

the vorticity was considered an important result. The rotational fluid movement inside the 177 

device and the conclussions derived from Penko and Calantoni provide the importance of the 178 

vorticity values in this specific case. 179 

In conclusion, the main result obtained in the experimental test was the average vorticity value, 180 

W. This result was calculated as the scalar component of the angular velocity vector or punctual 181 

vorticity,  , for a two-dimensional input, in this case H and V, which corresponds to the plane 182 

illuminated by the laser. The following equation (3) was used (Nezu and Nakagawa 1993): 183 
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dv du

dx dy
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   (3) 184 

Where: 185 

u and v are the velocity components with respect to x and y directions. 186 

m and n are the grid in x and y directions, respectively. 187 

The scalar punctual vorticity,  , was calculated at each grid point, m n , of a fine mesh of 188 

3.5 mm size that fill the capture of the illuminated plane. In order to avoid local outlet suction, 189 

which may change the flow path, the experimental data were selected. In this way, we have 190 

removed 50 mm at the end of the output chamber, corresponding to 12 to 14 horizontal grid 191 

points approximately. 192 

 193 

NUMERICAL SIMULATIONS 194 

The numerical simulation presented in this paper has been carried out by the CFX module in 195 

the ANSYS Workbench software v.12.1. This work has been supported by the authors’ 196 

experience in the field of simulation and non-linear analysis. Over several years, the authors 197 

have worked using finite element methods (FEM) and finite volume method (FVM), (del Coz 198 

et al. 2007; del Coz et al. 2011; García Nieto et al. 2010). These methods provide great results 199 

when the models are correctly compared and validated. 200 

The relationship between the horizontal position of the flat panel and the particle collection 201 

efficiency has been predicted in del Coz Diaz et al. 2011. However, in this paper a new 202 

numerical model has been developed in order to study the behaviour of the SCPT from the 203 
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velocity field point of view. In this sense, the input parameters previously used have been 204 

studied in both experimental and numerical ways. In summary, the contribution of this paper 205 

is important in order to prove the ability of the PIV and numerical methods to verify the SCPT 206 

performance. 207 

Finite volume model 208 

In this sub-section the finite volume model used in this investigation is explained: 209 

 Geometrical model: the geometrical model which has been used in the SCPT numerical 210 

simulations reproduces the fluid volume inside the system. The dimensions of the 211 

geometrical model used in the numerical simulation and the experimental SCPT are the 212 

same.  213 

 Finite volume types: the meshing of the geometrical model by finite volumes has been 214 

carried out using the “Automatic Method” in ANSYS. This method uses a patch 215 

conforming algorithm for tetrahedrons method control by a Delaunay tetra mesher. If 216 

possible, the mesher builds tetrahedrons volumes and tries to create a smooth size 217 

variation based on the specified growth factor. In this case, the volume size has been 218 

established between 2·10-3 and 6·10-3 m. The result has been a mixed mesh with mainly 219 

tetrahedral and hexahedral volumes, although others types of finite volumes have been 220 

included in the interface areas. The geometrical model consists of 389,265 elements 221 

and 110,066 nodes. The majority of the element quality values are about 0.75, what 222 

means a good mesh quality (Zienkiewicz et al. 2005; Madenci and Guven 2007). 223 

 Boundary conditions and loads: the fluid flows by the input chamber, then it goes 224 

through the output chamber and finally it goes out the system by the outlet. The results 225 

of the numerical simulations have been considerably influenced by the configuration of 226 
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the transition area. The interface areas have been located between the inlet and input 227 

chamber, between the input chamber and output chamber and between the output 228 

chamber and outlet. 229 

This finite volume model has been solved by an iterative process to obtain the solution of the 230 

problem. 231 

Numerical simulation based on DOE 232 

The influence of the screen displacement on the SCPT performance has been studied in order 233 

to improve the efficiency of this system. In this sense, an optimization procedure based on the 234 

Design of Experiments technique (DOE) on the FVM models has been carried out in order to 235 

know the best position of this screen from the efficiency point of view (del Coz et al. 2013; 236 

Montgomery 2001). 237 

The input parameters of the DOE technique have been the horizontal and vertical positions of 238 

the flat panel. The output parameter in the DOE has been a derived parameter, which indicates 239 

the performance of the system. The efficiency of the system has been obtained from the 240 

reduction of the average vorticity inside the SCPT. If the vorticity of fluid flow in the input 241 

chamber is high, the majority of the solid particles will stay inside the input chamber (Penko 242 

and Calantoni 2013). The few particles that could go to the output chamber will precipitate at 243 

the bottom of the SCPT due to this chamber working as a gravity settler. A large difference in 244 

the average vorticity between the input and the output chamber means that the SCPT 245 

performance is good. 246 

In this case, the punctual vorticity,  , was calculated by means of the equation (3) at each 247 

finite volume taking into account the meshing parameter between 2·10-3 and 6·10-3 m. Next, 248 

the average vorticity, W, was obtained as the mean value of the punctual vorticity for all finite 249 
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volumes in each camera. Furthermore, the dimensions of the input and output chambers are 250 

changed according to the position of the flat planel as has been studied in the DOE analysis. 251 

The parameters used in the analysis by DOE are the following: 252 

 Input parameters: 253 

o Horizontal position: from 70 to 170 mm, with an initial value of 120 mm. 254 

o Vertical position: from 70 to 120 mm, with an initial value of 95 mm 255 

 Output parameters: 256 

o Average vorticity in the input chamber  257 

o Average vorticity in the output chamber  258 

o Vorticity reduction in the SCPT 259 

The technique which has been used in DOE is Central Composite Design (CCD). The limited 260 

values used in the DOE technique are determined by the SCPT dimensions. The maximum and 261 

the minimum positions of the flat panel are taken as boundary values. The initial conditions are 262 

intermediate values. The total CPU time for each numerical model has been 7.955·103 seconds 263 

(2 hours, 12 minutes and 35.281 seconds). 264 

The reduction of the vorticity is defined by equation (4). 265 

  100ic oc ocR W W W        (4) 266 

While: 267 

R: Vorticity reduction inside the SCPT 268 

icW : Average vorticity in the input chamber [rad/s] 269 
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ocW : Average vorticity in the output chamber [rad/s] 270 

The vorticity reduction represents the efficiency of the system and indicates a decrease of the 271 

fluid rate inside it. So, the best efficiency is obtained with maximum vorticity reduction. The 272 

best position of the flat panel to obtain a high level of efficiency is shown in the response 273 

surfaces obtained by DOE. 274 

EXPERIMENTAL AND NUMERICAL RESULTS 275 

Laboratory test results 276 

The results of the laboratory tests provide information about the fluid trajectory inside the 277 

SCPT and the velocity map of the fluid. 278 

The PIV equipment gives results in several formats. In this case, MATLAB® files and .avi files 279 

were evaluated. The.avi files provide qualitative results and the Matlab files provide 280 

quantitative results.  281 

In Figure 2, the results from the laboratory tests of the scale prototype are shown. The fluid 282 

inlet is on the right and the outlet on the left. Different colours are used in these representations 283 

to show the different velocities, from blue for lower velocity to red for higher velocity. 284 
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 285 

Figure 2. Screen captures in the PIV tests for different flat panel positions: a) H2 – V2; b) H2 286 

– V3; c) H3 – V2; d) H3 – V3. 287 

The behaviour of the fluid in the SCPT prototype is depicted in Figure 2. The fluid velocity 288 

inside the input chamber is high. The majority of the solid particles in this volume are rotating 289 

with the fluid. The output chamber is longer than the input chamber in order to decrease the 290 

fluid rate. The fluid goes into the output chamber containg very few solid particles, which 291 

precipitate at the bottom of the SCPT due to its low velocity. Finally the fluid which goes out 292 

is free of solid contaminant particles, and the particles at the bottom of the system are removed 293 

by a drain.  294 

As it is shown in Figure 2, the fluid has two vortices, one in the input chamber and other in the 295 

output chamber. 296 
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To obtain quantitative results, the Matlab files were analyzed. A velocity matrix is taken every 297 

0.1 s. After several seconds, all matrixes are combined by software in order to represent the 298 

velocity map of the fluid from experiments. These results are analyzed by a matlab code and 299 

incoherent vectors are deleted. Then, the punctual vorticity parameter,  , is obtained in each 300 

matrix, along with the average vorticity, W, for each test. The velocity map obtained in the 301 

experiments is plotted in Figure 2. 302 

The vorticity or rotor vector of velocity is the same concept as the angular velocity of a fluid. 303 

The vorticity was considered as the best parameter to represent the rotational behaviour of the 304 

fluid in the SCPT. The average vorticity value in the input chamber and in the output chamber 305 

is different (see Table 2). Improved performance in the SCPT is given by a considerable 306 

vorticity decrease between both chambers. If the average vorticity is high, as in the input 307 

chamber, the solid particles are rotating inside the fluid. The few particles that go to the output 308 

chamber precipitate because the average vorticity in this volume is low. The fluid that goes out 309 

of the system is clean and without solid particles, and in this way, the runoff water that is 310 

filtered to the terrain is less contaminated. 311 

Table 2. Average vorticity values obtained in the laboratory tests. 312 

Screen position (mm) Vorticity (rad/s) 

Vertical Horizontal Input chamber Ouput chamber 

70 

120 0.5337 0.1154 

145 0.5051 0.1519 

170 0.4582 0.1724 

90 120 0.5268 0.1298 
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145 0.4951 0.1765 

170 0.4572 0.2267 

110 

120 0.5200 0.1531 

145 0.4848 0.2000 

170 0.4386 0.2880 

 313 

In order to compare the laboratory test and the simulation results the average vorticity evolution 314 

is obtained. Desired performance of the SCPT indicates a negative trend which means that the 315 

vorticity between the input and the output chamber is decreasing. 316 

Numerical results 317 

On the one hand, the results obtained in the numerical simulations by FVM are shown in Figure 318 

3. 319 

 320 

Figure 3. Numerical simulation results: velocity vectors map in the SCPT for a flat panel 321 

position of H = 120 mm. and V = 90 mm. 322 
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The numerical simulation shows that the fluid inlet is at a high velocity, on the right hand side 323 

in Figure 3. The velocity in the output chamber decreases as it is shown in Figure 3 on the left 324 

hand side. The average vorticity in the SCPT and its trend are the results of the numerical 325 

simulations. 326 

Due to the “section assignment” previously described in the numerical process, two 327 

independent analysis have been conducted in both chambers. The graphic results show the fluid 328 

rate decreasing between the input chamber and the output chamber. For the flat panel position 329 

studied in this numerical simulation, the maximum vorticity values obtained are 42.95·10-2 330 

rad/s and 14.39·10-2 rad/s, in opposite directions as depicted in Figure 3. The efficiency of the 331 

SCPT for these results is about 66.5%, which is obtained from the reduction of the fluid rate. 332 

On the other hand, the influence of the input and output parameters can be seen in the response 333 

surfaces obtained by the DOE technique. Mainly, three different output parameters have been 334 

studied: the input and the output chamber average vorticity, as well as the vorticity reduction 335 

between both chambers. 336 
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 337 

Figure 4. Response surface of the central panel position influence: a) average vorticity in the 338 

input chamber; b) average vorticity in the output chamber; c) vorticity reduction. 339 

In Figure 4, it is shown that the horizontal displacement of the panel is the most influential 340 

input parameter in the vorticity results. On the one hand, the vertical movement of the panel 341 

does not change the vorticity values of the input chamber, as is shown in Figure 4(a). On the 342 

other hand, the vertical displacement in the output chamber is most important. In this case, if 343 

the panel is far from the bottom, the average vorticity in the output chamber will decrease, as 344 

it is shown in Figure 4(b). With respect to the horizontal displacement, response surfaces show 345 

that when the panel is moved away from the flow inlet, the vorticity decreases in the input 346 

chamber, whilst it increases in the output chamber, see Figures 4(a) and 4(b). 347 
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From the efficiency point of view, there is a maximum in the surface response which provides 348 

the best position for the panel. In this configuration, the value of the SCPT efficiency will be 349 

more than 80%, see Figure 4(c). From this maximum, the best horizontal and vertical positions 350 

for the panel are obtained: the best horizontal position is the nearest to the fluid inlet, about 70 351 

mm from this; the best vertical position is when the flat panel is inserted into the SCPT as much 352 

as possible, which is about 130 mm between the end of the panel and the bottom of the SCPT. 353 

Numerical and experimental comparison 354 

Finally, the numerical simulation results and the laboratory tests results have been compared. 355 

A comparison of these results has been carried out in two ways: a qualitative comparison of 356 

the fluid behaviour inside the SCPT and a quantitative comparison between the vorticity trends 357 

inside the SCPT. 358 

 359 

Figure 5. A comparison of vorticity results between the laboratory test and numerical 360 

simulation for: (a) the input chamber; (b) the output chamber. 361 

Figure 5 shows the vorticity for three different vertical positions of the panel. Figure 5 shows 362 

the panel at a distance of 70 mm. at 90 mm. and finally, at 110 mm. from the bottom. Figure 363 

5(a) shows the results of the average vorticity in the input chamber, and Figure 5(b), in the 364 
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output one. All of these graphics show the vorticity trend with respect to the horizontal position, 365 

which is downward in the input chamber and upward in the output chamber. Furthermore, it is 366 

possible to see the high degree of correlation between the experimental and the numerical 367 

results, less than 15 % in mostly of the values. The variations among them are not very 368 

important due to the slight differences between the values and the similarity with trends in all 369 

positions studied. 370 

In this sense, the results indicate that the laboratory tests cannot be completely reproduced due 371 

to the influence of the external factors. However, the vorticity trends obtained from the 372 

laboratory tests and the numerical simulations are in good agreement.  373 

Finally, from the optimization of results obtained by DOE, it is possible to select the best panel 374 

position in order to achieve maximum efficiency. This optimum position is when the panel is 375 

near the fluid inlet and near the bottom of the SCPT. Comparing numerical and experimental 376 

results, it is observed that the optimum position is the same in both cases, see Figure 2a) H2-377 

V1 position and the vorticity reduction surface response in Figure 4c. 378 

CONCLUSIONS 379 

In this research work the HE has allowed the optimization of the SCPT’s behaviour taking into 380 

account experimental and numerical studies. In this sense, the efficiency of this system has 381 

been improved by means of the horizontal. 382 

 and vertical displacement of the panel. Results reveal the following main findings: 383 

 A scale model was necessary to conduct the laboratory tests with the PIV equipment. 384 

Moreover, the PIV equipment requires a small fluid velocity variation; therefore the 385 
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SCPT scale model was used to reproduce the fluid behaviour with low velocity and less 386 

variation between the inlet and the outlet of the system. 387 

 The laboratory tests indicate circular fluid movement inside the SCPT independent of 388 

the flat panel position. The fluid moves in two vortexes in opposite directions. 389 

 In the input chamber, rotational velocity of the fluid is high. The majority of the 390 

particles are moving into the input chamber with the fluid. The velocity in the output 391 

chamber decreases because the volume of the output chamber is bigger. The particles 392 

in the output chamber precipitate at the bottom of the SCPT due to the low velocity in 393 

this volume. 394 

 The horizontal displacement of the flat panel has more influence on the SCPT’s 395 

performance than the vertical displacement. The horizontal displacement directly 396 

affects the velocity inside the input chamber. Furthermore, the horizontal displacement 397 

of the flat panel provides a large velocity differential between the input and the output 398 

chambers. In this way, an increase of the output 395 chamber volume is possible to 399 

allow the solid particles to precipitate. 400 

 The best position for the flat panel is the nearest to the fluid inlet and the nearest to the 401 

bottom of the system. This position has been obtained in both laboratory tests and 402 

numerical simulations. All studies have been carried out for a constant flux, so the best 403 

position is limited to the fluid volume that goes into the SCPT. In extreme situations, 404 

like torrential rains, the best flat panel position could change in order to evacuate as 405 

much fluid as could be necessary. 406 
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 A good agreement was obtained between the techniques used, experimental tests and 407 

numerical simulations. 408 

 The present study has proved that the design of experiments (DOE) in combination with 409 

finite volume modelling (FVM) could efficiently be used to optimize the best panel 410 

location in order to maximize the SCPT performance, decreasing the number of 411 

laboratory tests. 412 

In summary, for new sustainable urban drainage systems (SUDS) it is a great advantage to be 413 

able to optimize and study the fluid behaviour of the SCPT using numerical models, with 414 

respect to an ecological design, which fulfils all serviceability requirements. These numerical 415 

simulations could be used in future studies to study the influence on the SCPT performance of 416 

different solid particles inside the fluid, the variation of the type of fluid or the inlet geometry, 417 

and so on. 418 
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