










1.  

  

  

2.  

  

  

3.  

  

  

  

  

4.  

  

  

  

  

  

  

  

  

 constant  

 0  

 system  

  

5.  



 

 

 

 

  

 

 

  

  

6.  

  

  

7.  



 
 

 
 

 

 

 
 

 
 
 
 

 
 

 
 
 
 

 

 
 



 

 

 
 

 

 

 

 

 

 

 
 
 
 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 



 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 

 
 



 

 



 







 

 

 

 

 

∀

∫ (ρd∀)
 

∀
=  − ∫ 𝜌𝑢 ⋅ 𝑛 𝑑𝑆

 

∫ + ∇(ρu) 𝑑∀
 

∀
= 0

∀

+ ∇(ρu) = 0



∫ ρu d∀
 

∀
=  − ∫ 𝜌𝑢(𝑢 ⋅ 𝑛 )𝑑𝑆 +

 
∫ 𝜌𝐹 𝑑∀

 

∀
+ ∫ 𝑛 ⋅ 𝑇 𝑑𝑆

 

∀

= −∇ ⋅ (𝜌𝑢𝑢) + 𝜌𝐹 + ∇ ⋅ 𝑇

𝑇 = −𝜌𝐼 − 𝜇(∇ ⋅ 𝑢)𝐼 + 2𝜇𝐷

𝐷 = (∇𝑢 + ∇𝑢 ) 



= −∇ ⋅ (𝜌𝑢𝑢) − ∇𝑝 + 𝜌𝐹 + ∇ ⋅ (2𝜇𝐷)

∇ ⋅ (𝜌𝑢𝑢) = 𝜌𝑢 ⋅ ∇𝑢 + 𝑢∇ ⋅ (𝜌𝑢)

𝜌 − ∇𝑝 + 𝜌𝐹 + ∇ ⋅ (2𝜇𝐷)

∇ ⋅ 𝑢 = 0

𝜌 = −∇𝑝 + 𝜌𝐹 + 𝜇∇ 𝑢



+ 𝑢 ⋅ ∇𝛼 = 0

𝜌(𝛼) = 𝛼𝜌 + (1 − 𝛼)𝜌

𝜇(𝛼) = 𝛼𝜇 + (1 − 𝛼)𝜇



 

 

 

 



 

 



 

 

 

 

 

 



 

 



+ ∇ ⋅ ΦU − 𝜇∇ 𝑈 = −∇𝑝

fvm: :ddt(rho, U) 

+ fvm: :div(phi, U) 

- fvm: :laplacian(mu, U) 

== 

- fvc: :grad(p) 
 



/*--------------------------------*- C++ -*----------------------------------*\ 
| =========                 |                                                 | 
| \\      /  F ield         | OpenFOAM: The Open Source CFD Toolbox           | 
|  \\    /   O peration     | Version:  v2306                                 | 
|   \\  /    A nd           | Website:  www.openfoam.com                      | 
|    \\/     M anipulation  |                                                 | 
\*---------------------------------------------------------------------------*/ 
FoamFile 
{ 
    version     2.0; 
    format      ascii; 
    class       uniformDimensionedVectorField; 
    object      g; 
} 
// * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * // 
 
dimensions      [0 1 -2 0 0 0 0]; 
value           (0 0 -9.81); 

<keyword> <dataEntry>; 



<dictionaryName> 
{ 

 ... keyword entries ... 
} 
 

 
solvers 
{ 
    p_rgh 
    { 
        solver          PCG; 
        preconditioner  DIC; 
        tolerance       10e-06; 
        relTol          0.05; 
    } 
 
    p_rghFinal 
    { 
        $p_rgh; 
        relTol          0; 
    } 
 
    "(U|k|epsilon).*" 
    { 
        solver          smoothSolver; 
        smoother        symGaussSeidel; 
        tolerance       10e-06; 
        relTol          0; 
        minIter         1; 
    } 
} 
 
PIMPLE 
{ 
     momentumPredictor   no; 
     nOuterCorrectors    1; 
     nCorrectors         4; 

nNonOrthogonalCorrectors 0; 
pRefCell    0; 

 pRefValue    0; 
  
} 



 
 

 version:

 format:

 class:

uniformDimensionedVectorField;

 object:

 location:



 

//etc/bashrc 



$FOAM_INST_DIR /opt/OpenFOAM 

WM_PROJECT_DIR /opt/openfoam11 foam 

$FOAM_TUTORIALS /opt/openfoam11/tutorials tut 

$FOAM_APP /opt/openfoam11/applications app 

$FOAM_SOLVERS /opt/openfoam11/applications/solvers sol 

$FOAM_UTILITIES /opt/openfoam11/applications/utilities util 

$FOAM_SRC /opt/openfoam11/src src 

   

mkdir -p $FOAM_RUN 

$WM_PROJECT_USER_DIR $HOME/OpenFOAM/username-11 

$FOAM_RUN $HOME/OpenFOAM/username-11/run run 

 

$WM_PROJECT_DIR 
 

applications 

bin 

doc 

etc 

platforms 

src 

tutorials 

wmake 

tut



cp ./SimulazioneCheSiVuoleEseguire $FOAM_RUN 

cd $FOAM_RUN/NomeSimulazione 



 

 

 

 

 

 

 

 

case_directory

 0



 constant

 system

polyMesh constant

 



+ ∇ ⋅ (𝜌𝑢) = 0

+ ∇ ⋅ (𝜌𝑢𝑢) − ∇ ⋅ 𝜏 = 𝐶𝑘∇𝛼 − 𝑔ℎ∇𝜌 − ∇𝑝

𝒟

𝒟
= + ∇ ⋅ (𝛼𝑢) = 0

𝜌 = 𝛼𝜌 + (1 − 𝛼) × 𝜌

𝜇 = 𝛼𝜇 + (1 − 𝛼) × 𝜇

∂ ∂ ∂ ∂



∇

∇ ∇

∇ ∇



 

 





 

 

 

 









/*--------------------------------*- C++ -*----------------------------------*\ 
| =========                 |                                                | 
| \\      /  F ield         | cfMesh: A library for mesh generation          |  
|  \\    /   O peration     |                                                | 
|   \\  /    A nd           | Author: Franjo Juretic                         |  
|    \\/     M anipulation  | E-mail: franjo.juretic@c-fields.com            | 
\*---------------------------------------------------------------------------*/ 
 
FoamFile 
{ 
    version   2.0; 
    format    ascii; 
    class     dictionary; 
    location  "system"; 
    object    meshDict; 
} 
 
// * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * // 
 
surfaceFile "Tankm.fms"; 
 
maxCellSize 0.008; 
 
boundaryCellSize 0.004; 
boundaryCellSizeRefinementThickness 0.035; 
 
minCellSize 0.005; 
 
 
 
 







 

Mesh stats 
    points:           124887 
    internal points:  109129 
    faces:            360022 
    internal faces:   344142 
    cells:            117588 
    faces per cell:   5.9884 
    boundary patches: 1 
    point zones:      0 
    face zones:       0 
    cell zones:       0 
 
Overall number of cells of each type: 
    hexahedra:     116472 
    prisms:        248 
    wedges:        0 
    pyramids:      620 
    tet wedges:    0 
    tetrahedra:    248 
    polyhedra:     0 
 
Checking topology... 
    Boundary definition OK. 
    Cell to face addressing OK. 
    Point usage OK. 
    Upper triangular ordering OK. 
    Face vertices OK. 
    Number of regions: 1 (OK). 
 
Checking patch topology for multiply connected surfaces... 
    Patch               Faces    Points   Surface topology 
    emptyRot            15880    15758    ok (closed singly connected) 
 
Checking geometry... 

Overall domain bounding box (-0.14192 -0.163945 0.0200364) (0.144612 
0.163949 0.212536) 

    Mesh (non-empty, non-wedge) directions (1 1 1) 
    Mesh (non-empty) directions (1 1 1) 
    Boundary openness (1.9221e-015 -1.44857e-015 -2.56126e-016) OK. 
    Max cell openness = 2.9162e-016 OK. 
    Max aspect ratio = 5.66313 OK. 

Minimum face area = 1.83941e-006. Maximum face area = 3.16394e-005.  
Face area magnitudes OK. 
Min volume = 1.61211e-009. Max volume = 1.47701e-007.  Total volume = 
0.0134461.  Cell volumes OK. 

    Mesh non-orthogonality Max: 37.0857 average: 2.0525 
    Non-orthogonality check OK. 
    Face pyramids OK. 
    Average skewness 0.014908 
    Max skewness = 0.550659 OK. 
    Coupled point location match (average 0) OK. 
 
Mesh OK. 



 

 

 

 



 

 

 

 

 



 

skewness = max [
 

;  ]



θ θ

θ

 

 

 

 

 

 



 

#!/bin/bash 
 
cd ~/foamMesh/casePath/case 
surfaceFeatureEdges Tank.stl Tank.fms -angle 15 
cartesianMesh 
rotateMesh "(1 0 0)" "(0 0 1)" 
transformPoints -translate "(0.15117 -0.17145 0)" 
#transformPoints  -rollPitchYaw '(0 0 30)' 
checkMesh 

 #!/bin/bash

 cd ~/foamMesh/casePath/case

 surfaceFeatureEdges Tank.stl 

Tank.fms -angle 15 



 cartesianMesh

 rotateMesh "(1 0 0)" "(0 0 1)"

 transformPoints -translate 

"(0.15117 -0.17145 0)"

 transformPoints  -rollPitchYaw '(0 0 30)',

 checkMesh



touch output.foam

 



 constant

 



 accel.dat 

 

 

 

 

# Fused local position in NED. 
# The coordinate system origin is the vehicle position at the time when 
the EKF2-module was started. 
 
uint64 timestamp   # time since system start (microseconds) 
uint64 timestamp_sample                 # the timestamp of the raw data 
(microseconds) 
 
bool xy_valid    # true if x and y are valid 
bool z_valid    # true if z is valid 
bool v_xy_valid    # true if vx and vy are valid 
bool v_z_valid    # true if vz is valid 
 
# Position in local NED frame 
float32 x    # North position in NED earth-fixed 
frame, (metres) 
float32 y    # East position in NED earth-fixed 
frame, (metres) 
float32 z    # Down position (negative altitude) in 
NED earth-fixed frame, (metres) 
 
# Position reset delta 
float32[2] delta_xy   # Amount of lateral shift of position 
estimate in latest reset (in x and y) [m] 
uint8 xy_reset_counter   # Index of latest lateral position 
estimate reset 



float32 delta_z    # Amount of vertical shift of 
position estimate in latest reset [m] 
uint8 z_reset_counter   # Index of latest vertical 
position estimate reset 
 
# Velocity in NED frame 
float32 vx     # North velocity in NED earth-fixed 
frame, (metres/sec) 
float32 vy    # East velocity in NED earth-fixed 
frame, (metres/sec) 
float32 vz    # Down velocity in NED earth-fixed 
frame, (metres/sec) 
float32 z_deriv    # Down position time derivative in 
NED earth-fixed frame, (metres/sec) 
 
# Velocity reset delta 
float32[2] delta_vxy   # Amount of lateral shift of 
velocity estimate in latest reset (in x and y) [m/s] 
uint8 vxy_reset_counter   # Index of latest vertical 
velocity estimate reset 
float32 delta_vz   # Amount of vertical shift of velocity 
estimate in latest reset [m/s] 
uint8 vz_reset_counter   # Index of latest vertical 
velocity estimate reset 
 
# Acceleration in NED frame 
float32 ax        # North velocity derivative in NED earth-fixed frame, 
(metres/sec^2) 
float32 ay        # East velocity derivative in NED earth-fixed frame, 
(metres/sec^2) 
float32 az        # Down velocity derivative in NED earth-fixed frame, 
(metres/sec^2) 
 
float32 heading    # Euler yaw angle transforming the 
tangent plane relative to NED earth-fixed frame, -PI..+PI,  (radians) 
float32 heading_var 
float32 unaided_heading                 # Same as heading but generated 
by integrating corrected gyro data only 
float32 delta_heading   # Heading delta caused by latest 
heading reset [rad] 
uint8 heading_reset_counter  # Index of latest heading reset 
bool heading_good_for_control 
 
float32 tilt_var 
 
# Position of reference point (local NED frame origin) in global (GPS / 
WGS84) frame 
bool xy_global    # true if position (x, y) has a 
valid global reference (ref_lat, ref_lon) 
bool z_global    # true if z has a valid global reference 
(ref_alt) 
uint64 ref_timestamp   # Time when reference position was 
set since system start, (microseconds) 
float64 ref_lat    # Reference point latitude, 
(degrees) 
float64 ref_lon    # Reference point longitude, 
(degrees) 
float32 ref_alt    # Reference altitude AMSL, 
(metres) 
 
# Distance to surface 
float32 dist_bottom   # Distance from from bottom surface to 
ground, (metres) 



bool dist_bottom_valid   # true if distance to bottom 
surface is valid 
uint8 dist_bottom_sensor_bitfield # bitfield indicating what type of 
sensor is used to estimate dist_bottom 
uint8 DIST_BOTTOM_SENSOR_NONE = 0 
uint8 DIST_BOTTOM_SENSOR_RANGE = 1 # (1 << 0) a range sensor is used 
to estimate dist_bottom field 
uint8 DIST_BOTTOM_SENSOR_FLOW = 2 # (1 << 1) a flow sensor is used 
to estimate dist_bottom field (mostly fixed-wing use case) 
 
float32 eph    # Standard deviation of horizontal 
position error, (metres) 
float32 epv    # Standard deviation of vertical 
position error, (metres) 
float32 evh    # Standard deviation of horizontal 
velocity error, (metres/sec) 
float32 evv    # Standard deviation of vertical 
velocity error, (metres/sec) 
 
bool dead_reckoning                     # True if this position is 
estimated through dead-reckoning 
 
# estimator specified vehicle limits 
float32 vxy_max    # maximum horizontal speed - set 
to 0 when limiting not required (meters/sec) 
float32 vz_max    # maximum vertical speed - set to 
0 when limiting not required (meters/sec) 
float32 hagl_min   # minimum height above ground level - 
set to 0 when limiting not required (meters) 
float32 hagl_max   # maximum height above ground level - 
set to 0 when limiting not required (meters) 
 
# TOPICS vehicle_local_position vehicle_local_position_groundtruth 
external_ins_local_position 
# TOPICS estimator_local_position 
 
 
 
 



clc 
clear  
T = readtable('test1.csv'); 
%% velocità  
j=1; 
for i=1:8318 
    if isnan(T.x_fmu_out_vehicle_local_position_vx(i))  
    else  
        if (T.x__time(i)-T.x__time(1)>16.3916) 
            t(j)=T.x__time(i)-T.x__time(1)-16.3916; 
            vx(j)=T.x_fmu_out_vehicle_local_position_vx(i); 
            vy(j)=T.x_fmu_out_vehicle_local_position_vy(i); 
            vz(j)=T.x_fmu_out_vehicle_local_position_vz(i); 
            j=j+1; 
        end 
    end 
end 
figure() 
plot(t,vx); 
hold on 



plot(t,vy); 
hold on 
plot(t,vz); 
grid on 
legend("VX","VY","VZ"); 
ylabel('V [m/s]'); 
xlabel('t [s]'); 
%% 
j=1; 
fid = fopen(‘accel.dat’,'wt'); 
fprintf(fid,'(\n'); 
for i=1:8319 
    if isnan(T.x_fmu_out_vehicle_local_position_ax(i)) 
    else  
        if (T.x__time(i)-T.x__time(1)>16.3916) 
            fprintf(fid,'\t(%.3f\t((%.4f %.4lf %.4lf)\t(0 0 0)\t(0 0 
0)))\n',T.x__time(i)-T.x__time(1)-
16.3916,T.x_fmu_out_vehicle_local_position_ax(i),T.x_fmu_out_vehicle_local_
position_ay(i),T.x_fmu_out_vehicle_local_position_az(i)); 
            t(j)=T.x__time(i)-T.x__time(1)-16.3916; 
            ax(j)=T.x_fmu_out_vehicle_local_position_ax(i); 
            ay(j)=T.x_fmu_out_vehicle_local_position_ay(i); 
            az(j)=T.x_fmu_out_vehicle_local_position_az(i); 
            j=j+1; 
        end 
    end 
end 
fprintf(fid,');'); 
figure() 
plot(t, ax); 
hold on  
plot(t,ay); 
hold on  
plot(t,az); 
legend("a_x","a_y","a_z"); 
ylabel('a [m/s^2]'); 
xlabel('t [s]'); 
grid on 



 
( 
 //time   ax     ay    az  omega        omegadt 
 (0.000 ((-0.0065 0.0627 1.1154) (0 0 0) (0 0 0))) 
 (0.008 ((0.0360 0.0604 0.9191) (0 0 0) (0 0 0))) 
 (0.020 ((0.0940 0.0574 0.5953) (0 0 0) (0 0 0))) 
 (0.030 ((0.1507 0.0552 0.3967) (0 0 0) (0 0 0))) 
 (0.041 ((0.1953 0.0532 0.2070) (0 0 0) (0 0 0))) 
 (0.049 ((0.2239 0.0515 0.0266) (0 0 0) (0 0 0))) 
 (0.060 ((0.2402 0.0494 -0.2192) (0 0 0) (0 0 0))) 
 (0.071 ((0.2328 0.0491 -0.2774) (0 0 0) (0 0 0))) 
       * * * 
       * * * 
 (27.080 ((-0.0395 -0.0182 0.0379) (0 0 0) (0 0 0))) 
 (27.090 ((-0.0395 -0.0177 0.0416) (0 0 0) (0 0 0))) 
); 
 



g

 
/*--------------------------------*- C++ -*----------------------------------*\ 
| =========                 |                                                 | 
| \\      /  F ield         | OpenFOAM: The Open Source CFD Toolbox           | 
|  \\    /   O peration     | Version:  v2306                                 | 
|   \\  /    A nd           | Website:  www.openfoam.com                      | 
|    \\/     M anipulation  |                                                 | 
\*---------------------------------------------------------------------------*/ 
FoamFile 
{ 
    version     2.0; 
    format      ascii; 
    class       uniformDimensionedVectorField; 
    object      g; 
} 
// * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * // 
 
dimensions      [0 1 -2 0 0 0 0]; 
value           (0 0 -9.81); 
 
 
// **************************************************************** // 
 

phaseProperties



 
/*--------------------------------*- C++ -*----------------------------------*\ 
  =========                 | 
  \\      /  F ield         | OpenFOAM: The Open Source CFD Toolbox 
   \\    /   O peration     | Website:  https://openfoam.org 
    \\  /    A nd           | Version:  11 
     \\/     M anipulation  | 
\*---------------------------------------------------------------------------*/ 
FoamFile 
{ 
    format      ascii; 
    class       dictionary; 
    location    "constant"; 
    object      phaseProperties; 
} 
// * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * // 
 
phases          ( water air ); 
 
sigma           0.072; 
 
 
// ************************************************************************* // 
 

momentumTransport 



 

+ ∇ ⋅ (𝑢𝑘) − ∇ ⋅ (𝐷 ∇𝑘) = 𝐺 − 𝑘(∇ ⋅ 𝑢) − 𝜀

+ ∇ ⋅ (𝑢𝜀) − ∇ ⋅ (𝐷 ∇𝜀) = − 𝑐 𝜀(∇ ⋅ 𝑢) −

 
/*--------------------------------*- C++ -*----------------------------------*\ 
  =========                 | 
  \\      /  F ield         | OpenFOAM: The Open Source CFD Toolbox 
   \\    /   O peration     | Website:  https://openfoam.org 
    \\  /    A nd           | Version:  11 
     \\/     M anipulation  | 
\*---------------------------------------------------------------------------*/ 
FoamFile 
{ 
    format      ascii; 
    class       dictionary; 
    location    "constant"; 
    object      momentumTransport; 
} 
// * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * // 
 
simulationType      RAS; 
 
density             variable; 
 
RAS 
{ 
    RASModel        kEpsilon; 
 
    turbulence      on; 
 
    printCoeffs     on; 
} 
 
// ***************************************************************** // 
 



𝐷 =  𝜈 +       𝐷 = 𝜈 +

printCoeffs     on;

RAS 
{ 
    RASModel        kEpsilon; 
    turbulence      on; 
    printCoeffs     on; 
    Cmu             0.09; 
    C1              1.44; 
    C2              1.92; 
    C3              0; 
    sigmak          1; 
    sigmaEps        1.3; 
}

+ ∇ ⋅ 𝜌𝑢𝑢 = 2∇ ⋅ 𝜌𝜈 𝑑𝑒𝑣𝐷 − ∇𝑝 + 𝜌𝑏

𝜈 = 𝜈 + 𝜈

𝜈  

𝜈 = 𝑢 𝑙



𝑢

𝑘  



physicalProperties.air

 
/*--------------------------------*- C++ -*----------------------------------*\ 
  =========                 | 
  \\      /  F ield         | OpenFOAM: The Open Source CFD Toolbox 
   \\    /   O peration     | Website:  https://openfoam.org 
    \\  /    A nd           | Version:  11 
     \\/     M anipulation  | 
\*---------------------------------------------------------------------------*/ 
FoamFile 
{ 
    format      ascii; 
    class       dictionary; 
    location    "constant"; 
    object      physicalProperties.air; 
} 
// * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * // 
 
viscosityModel  Newtonian; 
 
nu              1.48e-05; 
 
rho             1; 
 
 
// ************************************************************************* // 
 

 

physicalProperties.water 

 
/*--------------------------------*- C++ -*----------------------------------*\ 
  =========                 | 
  \\      /  F ield         | OpenFOAM: The Open Source CFD Toolbox 
   \\    /   O peration     | Website:  https://openfoam.org 
    \\  /    A nd           | Version:  11 
     \\/     M anipulation  | 
\*---------------------------------------------------------------------------*/ 
FoamFile 
{ 
    format      ascii; 
    class       dictionary; 
    location    "constant"; 
    object      physicalProperties.water; 
} 
// * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * // 
 
viscosityModel  Newtonian; 
 
nu              1e-06; 
 
rho             1000; 
 
 
// ************************************************************************* // 
 

 



 

transportProperties

 
/*--------------------------------*- C++ -*----------------------------------*\ 
| =========                 |                                                 | 
| \\      /  F ield         | OpenFOAM: The Open Source CFD Toolbox           | 
|  \\    /   O peration     | Version:  v2306                                 | 
|   \\  /    A nd           | Website:  www.openfoam.com                      | 
|    \\/     M anipulation  |                                                 | 
\*---------------------------------------------------------------------------*/ 
FoamFile 
{ 
    version     2.0; 
    format      ascii; 
    class       dictionary; 
    object      transportProperties; 
} 
// * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * // 
 
phases          (water air); 
 
water 
{ 
    transportModel  Newtonian; 
    nu              1e-06; 
    rho             1000; 
} 
 
air 
{ 
    transportModel  Newtonian; 
    nu              1.48e-05; 
    rho             1; 
} 
 
sigma           0.072; 
 
// ************************************************************************* // 
 



 0 



epsilon

 
/*--------------------------------*- C++ -*----------------------------------*\ 
| =========                 |                                                 | 
| \\      /  F ield         | OpenFOAM: The Open Source CFD Toolbox           | 
|  \\    /   O peration     | Version:  2306                                  | 
|   \\  /    A nd           | Website:  www.openfoam.com                      | 
|    \\/     M anipulation  |                                                 | 
\*---------------------------------------------------------------------------*/ 
FoamFile 
{ 
    version     2.0; 
    format      ascii; 
    arch        "LSB;label=32;scalar=64"; 
    class       volScalarField; 
    location    "0"; 
    object      epsilon; 
} 
// * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * // 
 
dimensions      [0 2 -3 0 0 0 0]; 
 
internalField   uniform 0.01; 
 
boundaryField 
{ 
    emptyRot 
    { 
        type            epsilonWallFunction; 
        value           uniform 0.5; 
    } 
 
} 
 

 



k

𝝐 𝝂𝒕

 
/*--------------------------------*- C++ -*----------------------------------*\ 
| =========                 |                                                 | 
| \\      /  F ield         | OpenFOAM: The Open Source CFD Toolbox           | 
|  \\    /   O peration     | Version:  2306                                  | 
|   \\  /    A nd           | Website:  www.openfoam.com                      | 
|    \\/     M anipulation  |                                                 | 
\*---------------------------------------------------------------------------*/ 
FoamFile 
{ 
    version     2.0; 
    format      ascii; 
    arch        "LSB;label=32;scalar=64"; 
    class       volScalarField; 
    location    "0"; 
    object      k; 
} 
// * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * // 
 
dimensions      [0 2 -2 0 0 0 0]; 
 
internalField   uniform 0.01; 
 
boundaryField 
{ 
    emptyRot 
    { 
        type            kqRWallFunction; 
        value           uniform 1.35; 
    } 
 
} 
 



nut

𝐶 ≈ 0.09  

 

 
/*--------------------------------*- C++ -*----------------------------------*\ 
| =========                 |                                                 | 
| \\      /  F ield         | OpenFOAM: The Open Source CFD Toolbox           | 
|  \\    /   O peration     | Version:  2306                                  | 
|   \\  /    A nd           | Website:  www.openfoam.com                      | 
|    \\/     M anipulation  |                                                 | 
\*---------------------------------------------------------------------------*/ 
FoamFile 
{ 
    version     2.0; 
    format      ascii; 
    arch        "LSB;label=32;scalar=64"; 
    class       volScalarField; 
    location    "0"; 
    object      nut; 
} 
// * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * // 
 
dimensions      [0 2 -1 0 0 0 0]; 
 
internalField   uniform 2e-3; 
 
boundaryField 
{ 
    emptyRot 
    { 
        type            nutkWallFunction; 
        value           uniform 0.2; 
    } 
 
} 
 



 

p_rgh

 
/*--------------------------------*- C++ -*----------------------------------*\ 
| =========                 |                                                 | 
| \\      /  F ield         | OpenFOAM: The Open Source CFD Toolbox           | 
|  \\    /   O peration     | Version:  2306                                  | 
|   \\  /    A nd           | Website:  www.openfoam.com                      | 
|    \\/     M anipulation  |                                                 | 
\*---------------------------------------------------------------------------*/ 
FoamFile 
{ 
    version     2.0; 
    format      ascii; 
    arch        "LSB;label=32;scalar=64"; 
    class       volScalarField; 
    location    "0"; 
    object      p_rgh; 
} 
// * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * // 
 
dimensions      [1 -1 -2 0 0 0 0]; 
 
internalField   uniform 0; 
 
boundaryField 
{ 
    emptyRot 
    { 
        type            fixedFluxPressure; 
        gradient        uniform 0; 
        value           uniform 0; 
    } 
 
} 
 



U

 
/*--------------------------------*- C++ -*----------------------------------*\ 
| =========                 |                                                 | 
| \\      /  F ield         | OpenFOAM: The Open Source CFD Toolbox           | 
|  \\    /   O peration     | Version:  2306                                  | 
|   \\  /    A nd           | Website:  www.openfoam.com                      | 
|    \\/     M anipulation  |                                                 | 
\*---------------------------------------------------------------------------*/ 
FoamFile 
{ 
    version     2.0; 
    format      ascii; 
    arch        "LSB;label=32;scalar=64"; 
    class       volVectorField; 
    location    "0"; 
    object      U; 
} 
// * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * // 
 
dimensions      [0 1 -1 0 0 0 0]; 
 
internalField   uniform (0 0 0); 
 
boundaryField 
{ 
    emptyRot 
    { 
        type            noSlip; 
    } 
 
} 
 



 system

 

controlDict



 

 
/*--------------------------------*- C++ -*----------------------------------*\ 
| =========                 |                                                 | 
| \\      /  F ield         | OpenFOAM: The Open Source CFD Toolbox           | 
|  \\    /   O peration     | Version:  v2306                                 | 
|   \\  /    A nd           | Website:  www.openfoam.com                      | 
|    \\/     M anipulation  |                                                 | 
\*---------------------------------------------------------------------------*/ 
FoamFile 
{ 
    version     2.0; 
    format      ascii; 
    class       dictionary; 
    object      controlDict; 
} 
// * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * // 
 
application     interFoam; 
 
startFrom       startTime; 
 
startTime       0; 
 
stopAt          endTime; 
 
endTime         28; 
 
deltaT          0.001; 
 
writeControl    adjustableRunTime; 
 
writeInterval   0.05; 
 
purgeWrite      0; 
 
writeFormat     ascii; 
 
writePrecision  6; 
 
writeCompression on; 
 
timeFormat      general; 
 
timePrecision   6; 
 
runTimeModifiable yes; 
 
adjustTimeStep  on; 
 
maxCo           1; 
 
maxAlphaCo      1; 
 
maxDeltaT       1; 
 
functions 
{ 
forces 
{ 
type forces; 
functionObjectLibs ("libforces.so"); //Lib to load 
patches (emptyRot); 
rhoName rhoInf; 
rhoInf 998.2; //Reference density for fluid 
CofR (0 0 00); //Origin for moment calculations 
outputControl outputTime; 
} 
} 
// ************************************************************************* // 
 



application

writeControl

timeStep:

runTime:

adjustableRunTime:

writeInterval:

purgeWrite:

𝑡 = 5𝑠 Δ𝑡 = 1𝑠 

writeFormat:

 

 

writePrecision:



writeCompression:

timeFormat:

timePrecision:

adjustableTimeStep:

maxCo 

maxCo:

𝐶𝑜 = 𝑢 ⋅

 

 

 



# Time        forces(pressure viscous) moments(pressure viscous) 

0.1 ((-8.178407e-01 -2.068378e-02 -6.995510e+01) (-

3.797156e-03 3.320313e-04 1.366488e-03)) ((8.191373e-

01 -1.498436e+00 -8.782219e-03) (-2.930234e-05 

2.531800e-04 -6.728189e-05)) 

decomposeParDict

 

 



 
/*--------------------------------*- C++ -*----------------------------------*\ 
  =========                 | 
  \\      /  F ield         | OpenFOAM: The Open Source CFD Toolbox 
   \\    /   O peration     | Website:  https://openfoam.org 
    \\  /    A nd           | Version:  11 
     \\/     M anipulation  | 
\*---------------------------------------------------------------------------*/ 
FoamFile 
{ 
    format      ascii; 
    class       dictionary; 
    location    "system"; 
    object      decomposeParDict; 
} 
// * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * // 
 
numberOfSubdomains 2; 
 
method          scotch; 
 
// ************************************************************************* // 
 

 



fvOptions 

file  type accelerations 

/*--------------------------------*- C++ -*----------------------------------*\ 
| =========                 |                                                 | 
| \\      /  F ield         | OpenFOAM: The Open Source CFD Toolbox           | 
|  \\    /   O peration     | Version:  v2306                                 | 
|   \\  /    A nd           | Website:  www.openfoam.com                      | 
|    \\/     M anipulation  |                                                 | 
\*---------------------------------------------------------------------------*/ 
FoamFile 
{ 
    version     2.0; 
    format      ascii; 
    class       dictionary; 
    object      fvOptions; 
} 
// * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * // 
 
accelerations 
{ 
    type            sixDoFAccelerationSource; 
    selectionMode   all; 
    fields          (U); 
    accelerations  table; 
 
    file "$FOAM_CASE/constant/accel.dat"; 
} 
 
 
// ************************************************************************* // 



fvSchemes

(𝜙) 

𝜙 𝜙

(𝜙) =

gradSchemes

𝜙

∇ϕ ≈
(  )

𝜙

𝜙

Δ𝑥



gradSchemes

Gauss linear

divSchemes

𝑑𝑖𝑣(𝐹)  ≈   ∑ (𝐹 ⋅  𝑛 ⋅  𝐴 )

 𝑉

 𝑁

 𝑛

 𝐴

divSchemes

 



 

laplacianSchemes

∇ 𝜙 ≈

𝜙 𝜙 𝜙

Δ𝑥

interpolationSchemes

ϕ = (1 − 𝛼)Φ + 𝛼𝜙



𝜙 𝜙 𝛼

snGradSchemes



 
/*--------------------------------*- C++ -*----------------------------------*\ 
| =========                 |                                                 | 
| \\      /  F ield         | OpenFOAM: The Open Source CFD Toolbox           | 
|  \\    /   O peration     | Version:  v2306                                 | 
|   \\  /    A nd           | Website:  www.openfoam.com                      | 
|    \\/     M anipulation  |                                                 | 
\*---------------------------------------------------------------------------*/ 
FoamFile 
{ 
    version     2.0; 
    format      ascii; 
    class       dictionary; 
    object      fvSchemes; 
} 
// * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * // 
 
ddtSchemes 
{ 
    default         Euler; 
} 
 
gradSchemes 
{ 
    default         Gauss linear; 
} 
 
divSchemes 
{ 
    div(rhoPhi,U)   Gauss linearUpwind grad(U); 
    div(phi,alpha)  Gauss upwind; 
    div(phirb,alpha) Gauss linear; 
    div(rhoPhi,k)      Gauss upwind; 
    div(rhoPhi,epsilon) Gauss upwind; 
    div(phi,epsilon) Gauss linear; 
    div(phi,k) Gauss linear; 
    div(((rho*nuEff)*dev2(T(grad(U))))) Gauss linear; 
} 
 
laplacianSchemes 
{ 
    default         Gauss linear orthogonal; 
} 
 
interpolationSchemes 
{ 
    default         linear; 
} 
 
snGradSchemes 
{ 

    default         orthogonal 
; 
} 
 
 
// ************************************************************************* // 
 



fvSolution

solvers 

alpha.water

 nAlphaCorr

 

 nAlphaSubCycles:

 cAlpha:

 MULESCorr:

yes

 nLimiterIter:



 solver:

alpha.water

smoothSolver

 smoother:

symGaussSeidel

 tolerance:

 relTol:

0

tolerance

pcorr

 solver:

pcorr.*

PCG

 

 preconditioner:

 preconditioner:

GAMG



 tolerance:

 relTol:

 smoother:

DICGaussSeidel

 cacheAgglomeration:

no

 tolerance:

 relTol:

 maxIter:

100

p_rgh, p_rghFinal, U, k epsilon



PIMPLE

 momentumPredictor

no

 

 nOuterCorrectors

1

 nCorrectors



4

 nNonOrthogonalCorrectors

0

 pRefCell:

 pRefValue

relaxationFactors

equation “.*” 

*



 
/*--------------------------------*- C++ -*----------------------------------*\ 
| =========                 |                                                 | 
| \\      /  F ield         | OpenFOAM: The Open Source CFD Toolbox           | 
|  \\    /   O peration     | Version:  v2306                                 | 
|   \\  /    A nd           | Website:  www.openfoam.com                      | 
|    \\/     M anipulation  |                                                 | 
\*---------------------------------------------------------------------------*/ 
FoamFile 
{ 
    version     2.0; 
    format      ascii; 
    class       dictionary; 
    object      fvSolution; 
} 
// * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * // 
 
solvers 
{ 
    "alpha.water.*" 
    { 
        nAlphaCorr      2; 
        nAlphaSubCycles 1; 
        cAlpha          1; 
 
        MULESCorr       yes; 
        nLimiterIter    4; 
 
        solver          smoothSolver; 
        smoother        symGaussSeidel; 
        tolerance       10e-6; 
        relTol          0; 
    } 
 
    "pcorr.*" 
    { 
        solver          PCG; 
        preconditioner 
        { 
            preconditioner  GAMG; 
            tolerance       1e-06; 
            relTol          0; 
            smoother        DICGaussSeidel; 
            cacheAgglomeration no; 
        } 
 
        tolerance       1e-06; 
        relTol          0; 
        maxIter         100; 
    } 
 
    p_rgh 
    { 
        solver          PCG; 
        preconditioner  DIC; 
        tolerance       10e-07; 
        relTol          0.05; 
    } 
 
 
 
 
 
 



 
    p_rghFinal 
    { 
        $p_rgh; 
        relTol          0; 
    } 
 
    "(U|k|epsilon).*" 
    { 
        solver          smoothSolver; 
        smoother        symGaussSeidel; 
        tolerance       10e-07; 
        relTol          0; 
        minIter         1; 
    } 
} 
 
PIMPLE 
{ 
    momentumPredictor   no; 
    nOuterCorrectors    1; 
    nCorrectors         4; 
    nNonOrthogonalCorrectors 0; 
 pRefCell    0; 
 pRefValue    0; 
  
} 
 
relaxationFactors 
{ 
    equations 
    { 
        ".*"                1; 
    } 
} 
 
 
// ************************************************************************* // 
 



setFields

 setFields 

alpha.water 

regions

 
/*--------------------------------*- C++ -*----------------------------------*\ 
| =========                 |                                                 | 
| \\      /  F ield         | OpenFOAM: The Open Source CFD Toolbox           | 
|  \\    /   O peration     | Version:  v2306                                 | 
|   \\  /    A nd           | Website:  www.openfoam.com                      | 
|    \\/     M anipulation  |                                                 | 
\*---------------------------------------------------------------------------*/ 
FoamFile 
{ 
    version     2.0; 
    format      ascii; 
    class       dictionary; 
    object      setFieldsDict; 
} 
// * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * // 
 
defaultFieldValues 
( 
    volScalarFieldValue alpha.water 0 
); 
 
regions 
( 
    boxToCell 
    { 
        box (-0.18 -0.19 0) (0.18 0.19 0.125); 
        fieldValues 
        ( 
            volScalarFieldValue alpha.water 1 
        ); 
    } 
); 
 
// ************************************************************************* // 
 



 

maxCellSize 0.004 0.005 0.006 0.007 

minCellSize 0.004 0.005 0.006 0.007 

boundaryCellSize 0.004 0.005 0.006 0.007 



internal points 214151 109129 63707 39775 

non-orthog Max 55.50 37.09 54.83 34.95 

non-orthog Average 1.98 2.05 3.14 2.87 

Average skewness 0.012 0.015 0.019 0.021 

Max skewness 0.629 0.55 0.82 0.59 



application     interFoam; 
 
startFrom       startTime; 
 
startTime       0; 
 
stopAt          endTime; 
 
endTime         10; 
 
adjustTimeStep  on; 
 
maxCo           1; 
 
maxAlphaCo      1; 
 
maxDeltaT       1; 





interFoam > log.case1 
 



𝛿𝑡

15002 s 5731 s 2848 s 1493 s 



 

 



𝑋

𝑋

𝑋

transformPoints  -rollPitchYaw '(0 0 30)' 





 
regions 
( 
    boxToCell 
    { 
        box (-0.18 -0.19 0) (0.18 0.19 0.125); 
        fieldValues 
        ( 
            volScalarFieldValue alpha.water 1 
        ); 
    } 
); 
 



$simulation_path/postProcessing/forces/0 

writeInterval controlDict. 













 



 

 







 
surfaceMeshRefinement 
{ 
 mesh_baffle 
 { 
  surfaceFile  "bafflesm.stl"; 
  additionalRefinementLevels 2; 
 } 
} 
 







𝛿 = ln
( )

( )

𝑥(𝑡 ), 𝑥(𝑡 )

𝜁 =
√

𝜁 = 0.038 𝜁 = 0.040 𝜁 = 0.037





 

𝑎 = [2.6  0 0] 𝑚/𝑠



𝜖 = 5%

∣ 𝑦 𝑡 − 𝑦 ∣≤ 𝜖

𝜖

𝑡

𝑜𝑣𝑒𝑟𝑠ℎ𝑜𝑜𝑡%  = 35.28 %

𝑜𝑣𝑒𝑟𝑠ℎ𝑜𝑜𝑡%  = 14.35 %



 

#!/bin/bash 
 
mypath='/home/volpatto/OpenFOAM/volpatto-11/run/RiempimentoVar' 
backupPath='/home/volpatto/OpenFOAM/volpatto-11    
 /run/RiempimentoVar/backup' 
 
 
# Definisco le percentuali di riempimento per le simulazioni in decimali 
riempimento=(0.001 0.1 0.25 0.3 0.5 0.6 0.7 0.75 0.8 0.9 1) 
# Ciclo for per ogni elemento del vettore 
 for ((i=0; i<${#riempimento[@]}; i++)); do 
 cd $mypath 
    # # Calcola il valore per il parametro 

percentualeRiempimento=$(awk "BEGIN {printf 
\"%.0f\",${riempimento[i]} * 100}") 

     
    ## Crea il nome della cartella 
 chmod u+w "$mypath" 
     folder_name="${percentualeRiempimento}%riempimento" 
     
    # # Crea la cartella 
     mkdir -p "$folder_name" 
 chmod u+w "$folder_name" 
  
 # # Crea le sottocartelle 
 mkdir -p "$folder_name/0" 
 mkdir -p "$folder_name/constant" 
 mkdir -p "$folder_name/system" 
  
 # # Copia gli elementi nelle sotocartelle 
 cp -r $backupPath/0 $folder_name 
 cp -r $backupPath/system $folder_name 
 cp -r $backupPath/constant $folder_name 
 cp -r $backupPath/MeshBuffles2Conf/polyMesh $folder_name/constant 
 cp -r $backupPath/accelerazioneX/accel.dat $folder_name/constant 
  
 # # Percorso del file setFieldsDict 
 file_path="$folder_name/system/setFieldsDict" 
  
 # # Parametro passato allo script 

parameter=$(echo "$(awk 'BEGIN {printf "%.3f", '${riempimento[i]}' 
* 0.2}') + 0.02" | bc) 



 parameter=$(printf "%.3f\n" $parameter) 
  
 # # Contenuto da sostituire 
 replacement="        box (-0.18 -0.19 0) (0.18 0.19 $parameter);" 
 
 # # Utilizza sed per sostituire la riga 26 con il nuovo contenuto 
 sed -i "26s/.*/$replacement/" "$file_path" 
  
 cd $folder_name 
 setFields 
 interFoam 
 cd $folder_name/postProcessing/forces/0 
 touch outforces_dat.txt 
 cp forces.dat /mnt/c/acc2/forces.dat 
 cd /mnt/c/acc2 
 gcc -o logRead2 logRead2.c 
 ./logRead2 

cp outforces_dat.txt 
$folder_name/postProcessing/forces/0/outforces_dat.txt 

  
done 
 





𝑔 =

9.81 𝑚/𝑠





𝜔 % 𝜔 % 𝜔 % 𝜔 % 𝜔 %

3.4 ⋅ 10   9.026 
 

 5.925   4.012  2.208  



𝜔 % 𝜔 % 𝜔 % 𝜔 % 𝜔 %

1.7026 
 

1.4358  1.4766 3.8316 44.23
 



 





𝜁 =
 . /

√

√





 















 

 





 










