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Abstract

Vertical slot fishways are commonly used and afectfe
in ensuring unhindered passage of the speciesgd kize
fishes. Nerveless the species with small sizes lsavee
difficulties to upstream migrate because the kin@na
energy and the velocity are too large for them. @fe
strategies to answer at this ecohydraulic problentoi
determine how the design of existing fishways might
affected by obstacles addition within the pool. sThiticle
presents a method to find the optimal cylinder fimca
from numerical simulations of the flow in verticalot
fishway. The modification effect on the main hydies
parameters of the flow is substantial and allowsirtaa
positive impact on biological efficiency of the des.

Introduction

The characteristics of the flow in vertical slosHivays
depend mainly to the specific pool design, i.e.e th
geometry of the pool. The requirements of the fiphcies
for which the fishways is intended, will dictates it
appropriate design. However, for the existing ‘eaitislot
fishways, it could be unachievable to optimize the
geometry for local opposition, financial or techaliceason.
Consequently, one of strategies is to determine hwav
design of existing fishways might be affected bynoni
modification, like artificial roughness or obstacladdition
within the pool. The objective of those adaptatidngo
manage the flow and modify the turbulence activity
order to facilitate the passage of small specielsjaveniles
(length between 10 and 25 cm). This paper presiuets
numerical simulation of the flow in vertical slasliways
modified by cylinder. The flow field is studied ngi a
numerical Reynolds Average Navier-Stokes model lhic
solves conservation of mass, of momentum, of fandrgy
equations with finite volumes discretization andplitit
methods, coupled with &-Low Reynolds model. To find
the best location of cylinder, optimization proceslus
performed as regard of turbulence features of liwe. fA
multivariate conjugate gradient method is usedind the

coordinates X Y; of the center of a cylinder with geometric
constraints. Several target turbulence parametersused
as objective functions: the maximum velocity in hoo
turbulence kinetic energy, vorticity and global sifgtion
of the total kinetic energy rate and multi-objeetfunctions
combining all of those quantities. Based on both @D
results and the optimization procedure, it appéaas the
ideal cylinder position affects the flow in theHigays. The
main hydraulics parameters of the flow as turbudenc
intensity, vorticity and velocity amplitude are sificantly
modified by one cylinder introduced inside the izt slot
fishways. The modification effect seems to incretise
impact on biological efficiency of the device bydueing
and modifying these quantities. The optimizatiogoaithm
has been validated and allows us to determine dbal i
position of obstacle placed within vertical sloshiways
pool. The present method is the first stage to naefi
practical indicators for optimizing the biologicatfficiency
of existing vertical slot fishways by cylinder adgtion.

Numerical procedure

The dimensions of the vertical slot fishways moded
shown Figure 1. This fishway is defined by a slathvwa
dimension of b=0.3m. For this study, the width Bsha
limited to 2.7m and a length of L=3m. The slope dnel
discharge are fixed to 10% and 826 I/s, respegtivEhe
Reynolds number, based on the slot width b andfitve
velocity in the slot Y=2.12 m/s, is fixed to 636000. The
circular cylinder, with a diameter d equal to haflthe slot
width, will be placed at its optimal position. Irrder to
decrease the number of simulated pools and theo$ittee
geometry to be modeled, periodic conditions offtbe are
imposed in entry and exit of the pool (Figure 2)eTpool is
defined by non dimensioned parameters based ower th
slot’s width.
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Figure 1: Example of vertical slot fishways (Vickyance)
(a) and pool configuration (b)

The software Star-CD is used to make calculationsvio
dimensions (2D) of the turbulent flow. The turbudets
model used is k-Low Reynolds model, which allows us to

acquire a good accuracy close to the boundaries but

requires complex mesh and high time of calculation
(Goldberg & Apsley, 2009). The calculated grid ésigined
with two parts: closed to the boundaries with refin
structured mesh and, inside the pool with a tettabeyrid
(Figure 2). The differential equations governinge th
conservation of mass, of momentum, of fluid eneagy
discretized by the finite volume method and implici
methods are applied to solve them. RANS model
(“Reynolds Average Navier-Stokes”) is employed, arly

the equations of the average movement were solved.
Figure 3 shows the results of calculation in tmmelnsions

of the turbulent flow in the fishway (mean flow weity).
This result will be compared to that obtained fbwe t
configuration with cylinder (Tarrade & al. 2005).

Figure 2: Mesh and boundary conditions used in migale
calculations
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Figure 3: Isocontour of the mean flow velocity noaud
streamlines in configuration without cylinder

Optimization strategy

Determining a parametric model in order to locaioheglly
cylinder within fishway pools requires the implaia and
application of an optimization technique.

An optimization problem can be formulated as folofind

the combination of parameters that optimize a given
quantity which can be subject to some limitatioftie
quantity to optimize is called objective functiothe
parameters used to search the optimum are called
optimization variables and the restrictions on pheameter
values are known limitations, (Tse & Chan, 1999).

In this optimization study applied to the contréltie flow

in the fishways, the objective function is definby the
physical quantities characterizing the flow; it &
stationary, discrete and spatial mean functiore plrpose

of this study is to determine the coordinates efgbsitions

X; and Y, (the optimization variables) of the obstacle placed
in the fishway to improve upstream migration of #ma
species.



These local mean variables are extracted using ricathe
simulations for a fishway configuration definedBy b =9
and cylinder diameter of Bb/2.

Of all the extracted dimensionless quantities, vaveh

positioned our work on the hydraulic variables that

influence significantly the characteristics of figh swims,
(Pefia & al, 2004): spatial mean velocity ,{J¥/, spatial
mean turbulent intensities ||k, spatial mean turbulent

dissipation £ or spatial mean vorticit;cc)* , (Tarrade & al.
2008).
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where n is the mesh point number.

In order to introduce obstacle in the fishway, getin

constraints must be necessary taken into accouavaa

obstacle position unless a slot width from the svall the
fishway. These domain constraints are designedvtida
congestion of the fishway by branches and maintae
proper functioning of the device (Figure 4).

Contraites
du domaine
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Figure 4: Domain constraints

To obtain the obstacle positions, it was necesdary
develop an optimization algorithm. Conventionaltjpe

iterative procedure of optimization algorithms waiti
constraint is given in Figure 5, (Khalil, 2009) athdiersen,
2004). We choose an initial point, we define tharsk
direction (up for finding a maximum or down to sgafor
a minimum), and then an appropriate step displanerise
calculated by proper technique. The process isatepe
with the new point found until a local optimum istained.
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Figure 5: General algorithm for local optimization

The convergence test of the method is based on two

stopping criteria. The first is a convergence cidte of the
objective function between two successive iteratiorhe
second test is a convergence criterion of the dpétion
variables between two successive iterations. Otiservthe
optimization algorithm will be converged when, ¢ tone
hand, there is no influence of the change in pwsitf the
obstacle on flow values (first criterion) and thaty the
other hand, the position of the obstacle remairchanged
(second criterion).

This research procedure of optimal position of atists in
fishway allows determining the seEg.} of kinematical

quantities  {|[Vollicea lltkeolidear & idear @ iceal:
However, as this set is obtained separately acogrdi the
objective function chosen, four solutions of obktac
positions respectively are obtained giving four sibsl

quantities setsElV2ol }, {El*eol } (Ec'} and {E& ).
To retain a unique position, the four sets of ptafsi



quantities £Vl ), {Eltenl’y (E¢'} and {E@'} are
compared with the se&{je}-

{Eigeat is one of the four sets for which the optimizatiof
all kinematic quantities is better.

The unigue solution chosen corresponds to the dgztion

solution according to |pd|[, ||tkeol[, € or @ whose all
physical quantities are nearest to the ideal Bef.{}.

RESULTS

In order to implement the conjugate gradient mettzodet
of numerical calculations for 16 configurationsagfinder
positions in the pool of fishway was performed fdimize
the cylinder position. The cylinder positions were
uniformly distributed without the prior resultstime field of
optimization while respecting the geometric constsa
imposed.
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Figure 6: Cylinders positions used as initial detas
determine the cylinder optimal position in a fistywa
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Figure 7: Optimal cylinder positions using optintiza for
the four objectives functions.

Analysis of this initial database was used to deiee the
initial solutions required for the implementatiori the
optimization algorithm. These solutions correspémdhe

initial position of the cylinder {);—O,ﬁ
b
objective function is optimized in this databaseamble.
Optimization calculation shows that two kinematic
quantities optimized from four give the same cyind
position; we talk about spatial mean velocity,§|y/, and
spatial mean turbulent intensities |}4E.
Optimization calculation based on spatial meanigbg®n

) for which the

£ and spatial mean vorticityJ give positions which are
very far from the first one (Figure 7).

By moving cylinder of their initial position to tive
optimized position, the gain on the objective fimetcan
reach to 66.7%.

The distribution of kinematic quantities isocon®ur
between the initial and the optimized position fmch
objective function selected shows that the optitiiza
algorithm tends to place the cylinder in the jasax

The set Eigeap Of kinematic quantities also obtained is :

{11V 20|l ideas |1tk ideas € idear @ igea} = {2.53 10%, 2.21
102, 6.68 10°, 1.50 10%

{EHVZDH*} is the set where the kinematic quantities values
are the closest values of the ideal d8t.{}. The unique
position chosen is the solution for which the sgatiean
velocity is minimized. The kinematic quantitiesdsatours
corresponding to the solution selected are showrigare

8.

In these figures, we can note the influence ofaylender
compared to configurations without cylinder (Fig@&end
Figure 8-a).

The gain of the cylinder adjunction in its optintzgosition

is obtained by comparing the Sdiué } corresponding

20|
to our unigue solution to the set\{g,} corresponding to
the physical configuration without cylinder, Taldle

The Gain is defined by :

(Qc _QNC)* 100

Gain=~——=%=—=%~
C

(5)

where Q. and Q. are, respectively kinematic quantities

for configuration with one cylinder and without mder.
The gain is the percentage of the kinematic quantit
increase or decrease by placing cylinder.



Vool | lltkesol[ e W Lm
{Ewd} 3.18 | 3.47 6.7 56 | 9.65
*101 | *102 *10°3 *10% | *10?
(EVol 3 | 253 | 222 5.7 79 |5.80
*101 | *102 *10°3 *10% | *10?
Gain% | -20.4] -36.0 14.9 41.1]  39|9

Table 1 : Gains related to the optimal cylinderifi@s.

The adjunction of cylinder shows a significant gaineach
kinematic quantity. We obtain a significant redaotiof
spatial mean turbulent intensities greater than 36%20%
for the flow mean velocity. These two criteria seemcial

in terms of fish swimming capacities influenced the
general agitation of flow.

An increase in the eddy activity is also noted bgain
more than 40% of the total vorticity. However this
augmentation is due to the cylinder presence, thohs no
influence on the vorticity distribution (Figure 8ylinder
adjunction influences on turbulent kinetic energy
dissipation, however, the physical analysis of tjusntity
and its impact on fish upstream migration are \dffjcult

to explain because turbulent kinetic energy diggpas a
function of agitation resulted in the turbulentinsity.

This relationship between ||tk$f and £ can be
highlighted by determining the turbulent mixing g, L,
defined by :

L=M (6)

" £

This physical quantity deduced characterized theices
size due to the turbulent activity creating a pbgkbarrier
to the evolution of fish through the fishways.

The presence of a cylinder positioned optimallyveha
significant gain reducing 39 % the turbulent eddipty.
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Figure 8: Optimization results for cylinder optinadsition
(Voo | @) [tkes| (). € (c) andew (d)) for

configuration with B/b=9.



Conclusion

The optimization procedure was realized from nuoagri
simulations and was based on flow kinematic questit
inside fishway pool.

The numerical model used is e&knodel / Low Reynolds
which gives a good accuracy in the near wall reéngir
complex mesh. A mixed mesh (hexahedral in the nedir
and tetrahedral elsewhere) is generated to allolwcal
refinement in order to maintain a reasonable nundfer
cells while ensure high accuracy of calculation ahd
adjunction of complex geometries, like cylinder.

The optimization results show that the cylinderuadfion
modifies the jet pattern that separates into tweashs at
the approach from cylinder without affecting theotmain
swirling zones. The cylinder insertion decreaseg th
kinematical quantities ; it reduces the spatial mteabulent
intensities of 36% and 20% for the mean flow vetlocThe
turbulent mixing length and the dissipation rateréase by
inserting cylinder of 40% and 15% respectively. @gcing
cylinder in its ideal position, the fluid flow is adified to
be adapted for small species with weak swimmin{tisi.
Subsequently, an experimental study (PIV) will balized
in the vertical slot fishway modified by cylindetaped at
its ideal position found numerically. Finally, audy with
fish will also be carried out in this fishway cagiration.
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