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at University of Coimbra T

Numerical simulations in hydraulic structures

using VOFOR-2DV (Carvalho 2002 and Carvalho et al., 2008)
code constructed based on Nasa-VOF2D (Torrey et al.,1985)

2DV Navier-Stokes equations solved by explicit methods like NWSF (Normalized Variable
and Space Formulation) (Darwish & Moukalled 1994),

a refined Volume-Of-Fluid (VOF) (Hirt & Nichols 1981),
the Fractional Area-Volume Obstacle Representation (FAVOR) method (Hirt & Sicilian 1985)
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OpenFoam applls:atlo.ns in hydraullc structures -
at University of Coimbra

using VOFOR-2DV (Carvalho 2002 and Carvalho et al., 2008)
=>» code constructed based on Nasa-VOF2D (Torrey et al.,1985)

=>» 2DV Navier-Stokes equations solved by explicit methods like NWSF (Normalized
Variable and Space Formulation) (Darwish & Moukalled 1994),
=> arefined Volume-Of-Fluid (VOF) (Hirt & Nichols 1981),

=> the Fractional Area-Volume Obstacle Representation (FAVOR) method (Hirt &
Sicilian 1985)

t=0,1s t=02s t=03s

t=04s t=035s t=06s
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using VOFOR-2DV (Carvalho 2002 and Carvalho et al., 2008)
=> code constructed based on Nasa-VOF2D (Torrey et al.,1985)

= 2DV Navier-Stokes equations solved by explicit methods like NWSF (Normalized
Variable and Space Formulation) (Darwish & Moukalled 1994),

=> arefined Volume-Of-Fluid (VOF) (Hirt & Nichols 1981),

=> the Fractional Area-Volume Obstacle Representation (FAVOR) method (Hirt &
Sicilian 1985) i

t=10.60s

Teoretical 4= 0.385.
Lencastre 4 =0.393.
Calculated from simulation:
h=0,1m=0,15-0,05
g =0,099 m3/s/m de largura
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q=p,N2gh*.  m=03886
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OpenFoam applications in hydraulic structures
at University of Coimbra

=» OpenFOAM™ Toolbox (OpenFOAM 2011) with unstructured
meshes using “blockMesh” and the “solver” interFOAM
considering VOF method with two fluids and the solvers PISO
(Pressure Implicit Splitting of Operators) or PIMPLE which
results from merging PISO and SIMPLE (Semi-Implicit Method
for Pressure-Linked Equations) (OpenFOAM 2011).

l Results :
- Free Surface Level

- Stream Lines
- Velocity and Pressure profiles
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Starting with OpenFOAM

1. Gully 2D (Martins et al. 2012)
2. Gully 3D (Martins et al. 2014)

3. Gully with reverse flow (Lopes et al. 2012) and both (Carvalho
et al. 2012; Lopes et al. 2014, Leandro et al. 2014)

4. Channel with cross beams (Gogolin et al. 2013)

5. (Multifunctional artificial reef

6. Manhole Not yet published

7. Stepped spillway)

8. Jet Plunge Pools (Lopes et al. 2015)
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OpenFoam applications in hydraulic structures
FOAM@PT at University of Coimbra

2D Gully, DEC-UC 2011 3D Gully, DEC-UC 2011/2
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OpenFoam applications in hydraulic structures
FOAM@PT at University of Coimbra

2D Gully, DEC-UC 2011
OpenFOAM Toolbox simulations
(un)structured mesh with 180 x 60 x 1 cells
defined by 70 vertices and 9 blocks in s

blockMeshDict file —w —a3 —as —05 —a6 —a7 —a8 —a» —aie—a11
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OpenFoam applications in hydraulic structures =
at University of Coimbra

2D Gully, DEC-UC 2011
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2D Gully, DEC-UC 2011
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3D Gully, DEC-UC 2011/2
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at University of Coimbra
3D Gully, DEC-UC 2011/2
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3D Gully, DEC-UC 2011/2
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3D Gully-reverse flow, DEC-UC “ g
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FOAM@PT

3D Gully-reverse flow, DEC-UC 2011/2

Qinlet=4,5,6 L/s

Horizontal and vertical
Gate 4000500 used meviment
for reverse Sow =

Spacial grid
used Ax=30mm

g
- 2700 g
Q5 - different set of LES parameters 2
(Ce and Ck) i
Calculating water depth by films using =
Roque (2011)
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3D Gully-reverse flow, DEC-UC 2011/2
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3DGully

Artificial Reef

Introduction  Applications: 2D Gully

Air-Entrainment - What is missing to model it?

3DGully

OpenFoam applications in hydraulic structures
at University of Coimbra

3D Gully-reverse flow, DEC-UC 2011/2

Channel withCi Manhole
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3D Gully-reverse flow, DEC-UC 2011/2
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Channel with Cross beams DEC-UC 2012/3
OpenFOAM™ Toolbox,

b1) Configuration 2:a=0.05m,L=1.0m;
Q=841/s, t=20s and b2): Configuration 4
a=0.1m,L=20mforQ=591/st=205s)
b3): Configurationa=0.1m, L=1.0m for
Q=59|/st=20s).

“blockMesh”,
“interFOAM” - VOF method with two fluids
“swak4Foam” - groovyBC

Numerical simulations

mesh defined by 160 vertices and 45
blocks in blockMeshDict file;

horizontal mesh /g = (0.4905 0 -9.3195);
seven important patches were defined:
inlet, outlet and atmosphere (patch
type) and lateralWall, leftWall,
lowerWall, bafflewall (Wall type) ;

Uj, = Q;, /(0.5h;,).;

initial condition imposed was the
presence of water underz< h, t=0s;
water depth in function of time was
extracted on the same places also by an
in-house Matlab® code.
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OpenFoam applications in hydraulic structures
at University of Coimbra

ManholeDEC-UC 2015

OpenFOAM™ Toolbox,

= SnappyHexMesh

“interFOAM” - VOF method with two fluids
“swak4Foam” - groovyBC
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Multi-functional Reef 2012-

T e e M0
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Stepped-Spilway 2015-
Turbulent Kinetic Energy

FOAM@PT

Mean Velocity

U Magnitude
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Conclusions:

We are using OpenFoam since 2011 in several successful cases in the
aim of hydraulic structures applications

We are interested in implement a code for air-entrainment
treatment

We are interested in developing tools or cooperate to be able to
model water quality and sediment suspension as well as morphology
very important in civil engineering applications
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