






















































































































































































































































































121 

avall2 

Condition Valu e 

Material Name ai r 
Specify source terms? n o 
Source Terms ((mas s (inactiv e .  #f) 

(constant .  0) (profil e ) ) (x-momentu m (inactiv e .  #f) (constan t .  0) 
(profile ) ) (y-momentu m (inactiv e .  #f) (constan t .  0) (profil e ) ) (k 
(inactive .  #f) (constan t .  0) (profil e ) ) (epsilon (inactiv e .  #f) 
(constant .  0) (profil e )) ) 

Specify fixed values? ye s 
Fixed Values ((x-velocit y (profil e udf 

vitesse_av_u) (constan t .  0)) (y-velocit y (profil e udf vitesse_av_v) 
(constant .  0)) ( k (profile udf k_av) (constan t .  0)) (epsilo n (profil e 
udf eps_av) (constan t .  0))) 

Motion Type 0 
X-Velocity Of Zone 0 
Y-Velocity Of Zone 0 
Rotation speed 0 
X-Origin of Rotation-Axis 0 
Y-Origin of Rotation-Axis 0 
Laminar zone? n o 
Porous zone? n o 
X-Component of Direction-1 Vector 1 
Y-Component of Direction-1 Vector 1 
Direction-1 Viscous Résistance 0 
Direction-2 Viscous Résistance 0 
Direction-3 Viscous Résistance 0 
Direction-1 Inertial Résistance 0 
Direction-2 Inertial Résistance 0 
Direction-3 Inertia l Résistance 0 
CO Coefficient for Power-Law 0 
Cl Coefficient for Power-Law 0 
Porosity 1 

haut 

Condition Valu e 

Material Name ai r 
Specify source terms? n o 
Source Terms ((mas s (inactiv e .  #f) 

(constant .  0) (profil e ) ) (x-momentu m (inactiv e .  #f) (constan t .  0) 
(profile ) ) (y-momentu m (inactiv e .  #f) (constan t .  0) (profil e ) ) (k 
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(inactive .  #f) (constan t 
(constant .  0) (profil e )) ) 

Specify fixed values? 
Fixed Values 

14.955) (profil e ) ) (y-velocit y (constan t 
. 1.936) (profil e ) ) (epsilo n (constan t . 

Motion Type 
X-Velocity Of Zone 
Y-Velocity Of Zone 
Rotation speed 
X-Origin of Rotation-Axis 
Y-Origin of Rotation-Axis 
Laminar zone? 
Porous zone? 
X-Component of Direction-1 Vector 
Y-Component of Direction-1 Vector 
Direction-1 Viscous Résistance 
Direction-2 Viscous Résistance 
Direction-3 Viscous Résistance 
Direction-1 Inertial Résistance 
Direction-2 Inertial Résistance 
Direction-3 Inertia l Résistance 
CO Coefficient for Power-Law 
Cl Coefficient for Power-Law 
Porosity 

0) (profil e ) ) (epsilo n (inactiv e #f) 

yes 
( (x-velocity (constan t . 

. 0) (profil e ) ) ( k (constant 
0.00063999998) (profil e )) ) 
0 
0 
0 
0 
0 
0 
no 
no 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 

centre 

Condition Value 

Material Name 
Specify source terms? 
Source Terms 
Specify fixed values? 
Fixed Values 
Motion Type 
X-Velocity Of Zone 
Y-Velocity Of Zone 
Rotation speed 
X-Origin of Rotation-Axis 
Y-Origin of Rotation-Axis 
Laminar zone? 
Porous zone? 
X-Component of Direction-
Y-Component of Direction-
Direction-1 Viscous Resis 
Direction-2 Viscous Resis 
Direction-3 Viscous Resis 
Direction-1 Inertial Resi 
Direction-2 Inertial Resi 
Direction-3 Inertial Resi 
CO Coefficient for Power-
Ci Coefficient for Power-
Porosity 

1 Vector 
1 Vector 
tance 
tance 
tance 
stance 
stance 
stance 
Law 
Law 

air 
no 
0 
no 
0 
0 
0 
0 
0 
0 
0 
no 
no 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
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amont12 

Condition Valu e 

Material Name ai r 
Specify source terms? n o 
Source Terms ((mas s (inactiv e .  #f) 

(constant .  0) (profil e ) ) (x-momentu m (inactiv e .  #f) (constan t .  0) 
(profile ) ) (y-momentu m (inactiv e .  #f) (constan t .  0) (profil e ) ) (k 
(inactive .  #f) (constan t .  0) (profil e ) ) (epsilon (inactiv e .  #f) 
(constant .  0) (profil e )) ) 

Specify fixed values? ye s 
Fixed Values ((x-velocit y (profil e udf 

vitesse_am_u) (constan t .  0)) (y-velocit y (profil e udf vitesse_am_v) 
(constant .  0)) ( k (profile udf k_am) (constan t .  0)) (epsilo n (profile 
udf eps_am) (constan t .  0))) 

Motion Type 0 
X-Velocity Of Zone 0 
Y-Velocity Of Zone 0 
Rotation speed 0 
X-Origin of Rotation-Axis 0 
Y-Origin of Rotation-Axis 0 
Laminar zone? n o 
Porous zone? n o 
X-Component of Direction-1 Vector 1 
Y-Component of Direction-1 Vector 1 
Direction-1 Viscous Résistance 0 
Direction-2 Viscous Résistance 0 
Direction-3 Viscous Résistance 0 
Direction-1 Inertial Résistance 0 
Direction-2 Inertial Résistance 0 
Direction-3 Inertia l Résistance 0 
CO Coefficient for Power-Law 0 
Cl Coefficient for Power-Law 0 
Porosity 1 

parc22 

Condition Valu e 

pareil 

Condition Valu e 

Wall Motion 0 
Shear Boundary Condition 0 
Define wall motion relative to adjacent cell zone? ye s 
Apply a rotational velocity to this wall? n o 
Velocity Magnitude 0 
X-Component of Wall Translation 1 
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Y-Component o f Wall Translation 
Define wall velocity components? 
X-Component of Wall Translation 
Y-Component of Wall Translation 
Wall Roughness Height 
Wall Roughness Constant 
Rotation Speed 
X-Position of Rotation-Axis Origin 
Y-Position of Rotation-Axis Origin 
X-component of shear stress 
Y-component o f shear stress 

0 
no 
0 
0 
0 
O.E 
0 
0 
0 
0 
0 

sortie23 

Condition Value 

Gauge Pressure 0 
Turbulence Spécification Method 0 
Backflow Turb. Kinetic Energy 1 
Backflow Turb. Dissipation Rate 1 
Backflow Turbulence Intensity 0. ] 
Backflow Turbulence Length Scale 1 
Backflow Hydraulic Diameter 1 
Backflow Turbulent Viscosity Ratio 1 0 

entree23 

Condition Value 

Velocity Spécification Method 
Référence Frame 
Velocity Magnitude 
X-Velocity 
Y-Velocity 
X-Component of Flow Direction 
Y-Component of Flow Direction 
X-Component of Axis Direction 
Y-Component of Axis Direction 
Z-Component o f Axis Direction 
X-Coordinate of Axis Origin 
Y-Coordinate of Axis Origin 
Z-Coordinate o f Axis Origin 
Angular velocity 
Turbulence Spécification Method 
Turb. Kinetic Energy 
Turb. Dissipation Rate 
Turbulence Intensit y 
Turbulence Length Scale 
Hydraulic Diameter 
Turbulent Viscosity Ratio 

2 
0 
(profile udf x_velocity) 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1.936 
(profile udf dissip_profile) 
0.1 
1 
1 
10 

aval44 

Condition Valu e 
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aval33 

Condition Valu e 

aval22 

Condition Valu e 

aval11 

Condition Valu e 

Wall Motion 0 
Shear Boundary Condition 0 
Define wall motion relative to adjacent cell zone? ye s 
Apply a rotational velocity to this wall? n o 
Velocity Magnitude 0 
X-Component of Wall Translation 1 
Y-Component of Wall Translation 0 
Define wall velocity components? n o 
X-Component of Wall Translation 0 
Y-Component of Wall Translation 0 
Wall Roughness Height 0 
Wall Roughness Constant 0. 5 
Rotation Speed 0 
X-Position of Rotation-Axis Origin 0 
Y-Position of Rotation-Axis Origin 0 
X-component of shear stress 0 
Y-component of shear stress 0 

sortieparcl2 

Condition Valu e 

entreeparcl2 

Condition Valu e 

parc44 

Condition Valu e 

parc33 

Condition Valu e 

sortie34 
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Condition Valu e 

Gauge Pressure 0 
Turbulence Spécification Method 0 
Backflow Turb. Kinetic Energy 1 
Backflow Turb. Dissipation Rate 1 
Backflow Turbulence Intensity 0. 1 
Backflow Turbulence Length Scale 1 
Backflow Hydraulic Diameter 1 
Backflow Turbulent Viscosity Ratio 1 0 

sortiel2 

Condition Valu e 

Gauge Pressure 0 
Turbulence Spécification Method 0 
Backflow Turb. Kinetic Energy 1 
Backflow Turb. Dissipation Rate 1 
Backflow Turbulence Intensity 0. 1 
Backflow Turbulence Length Scale 1 
Backflow Hydraulic Diameter 1 
Backflow Turbulent Viscosity Ratio 1 0 

entree34 

Condition Valu e 

Velocity Spécification Method 2 
Référence Frame 0 
Velocity Magnitude (profil e udf x_velocity) 
X-Velocity 0 
Y-Velocity 0 
X-Component of Flow Direction 1 
Y-Component o f Flow Direction 0 
X-Component of Axis Direction 1 
Y-Component of Axis Direction 0 
Z-Component o f Axis Direction 0 
X-Coordinate of Axis Origin 0 
Y-Coordinate of Axis Origin 0 
Z-Coordinate o f Axis Origin 0 
Angular velocity 0 
Turbulence Spécification Method 0 
Turb. Kinetic Energy 1.93 6 
Turb. Dissipation Rate (profil e udf dissip_profile) 
Turbulence Intensity 0. 1 
Turbulence Length Scale 1 
Hydraulic Diameter 1 
Turbulent Viscosity Ratio 1 0 

entreel2 

Condition Valu e 

Velocity Spécification Method 2 



127 

Référence Frame 0 
Velocity Magnitude (profil e udf x_velocity) 
X-Velocity 0 
Y-Velocity 0 
X-Component o f Flow Direction 1 
Y-Component o f Flow Direction 0 
X-Component of Axis Direction 1 
Y-Component of Axis Direction 0 
Z-Component o f Axis Direction 0 
X-Coordinate of Axis Origin 0 
Y-Coordinate of Axis Origin 0 
Z-Coordinate o f Axis Origin 0 
Angular velocity 0 
Turbulence Spécification Method 0 
Turb. Kinetic Energy 1.93 6 
Turb. Dissipation Rate (profil e udf dissip_profile) 
Turbulence Intensit y 0. 1 
Turbulence Length Scale 1 
Hydraulic Diameter 1 
Turbulent Viscosity Ratio 1 0 

amont44 

Condition Valu e 

amont33 

Condition Valu e 

amont22 

Condition Valu e 

amont11 

Condition Valu e 

Wall Motion 0 
Shear Boundary Condition 0 
Define wall motion relative to adjacent cell zone? ye s 
Apply a rotational velocity to this wall? n o 
Velocity Magnitude 0 
X-Component of Wall Translation 1 
Y-Component o f Wall Translation 0 
Define wall velocity components? n o 
X-Component o f Wall Translation 0 
Y-Component o f Wall Translation 0 
Wall Roughness Height 0 
Wall Roughness Constant 0. 5 
Rotation Speed 0 
X-Position of Rotation-Axis Origin 0 
Y-Position of Rotation-Axis Origin 0 
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X-component o f shea r stres s 0 

Y-component o f shea r stres s 0 

default-interior 

Condition Valu e 

default-interior:001 

Condition Valu e 

default-interior:027 

Condition Valu e 

default-interior: 02 9 

Condition Valu e 

default-interior:030 

Condition Valu e 

Solver Control s 

Equations 

Equation Solve d 

Flow ye s 
Turbulence ye s 

Numerics 

Numeric Enable d 

Absolute Velocity Formulatio n ye s 

Relaxation 

Variable Relaxatio n Facto r 

Pressure 0  • 3 
Density 1 
Body Force s 1 
Momentum 0. 7 
Turbulence Kineti c Energ y 0. 8 
Turbulence Dissipatio n Rat e 0. 8 
Turbulent Viscosit y 1 
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Linear Solver 

Réduction 
Variable 

Solver Terminatio n Residua l 

Type Criterio n Toléranc e 

Pressure V-Cycl e 0. 1 
X-Momentum Flexibl e 0. 1 
Y-Momentum Flexibl e 0. 1 
Turbulence Kinetic Energy Flexibl e 0. 1 
Turbulence Dissipation Rate Flexibl e 0. 1 

Discretization Scheme 

Variable Schem e 

Pressure 
Pressure-Velocity Coupling 
Momentum 
Turbulence Kinetic Energy 
Turbulence Dissipation Rate 

Solution Limits 

Quantity 

Standard 
SIMPLE 
First Order Upwind 
First Order Upwind 
First Order Upwind 

Limit 

Minimum Absolute Pressure 
Maximum Absolute Pressure 
Minimum Température 
Maximum Température 
Minimum Turb. Kinetic Energy 
Minimum Turb. Dissipation Rate 
Maximum Turb. Viscosity Ratio 

Material Propertie s 

5000000 
1 
5000 
9.99999986-15 
9.99999976-21 
le + 08 

0.7 
0.7 
0.7 
0.7 

Material: aluminum (solid ) 

Property Unit s Method 

Density kg/m 3 
Cp (Spécifi e Heat) j/kg- k 
Thermal Conductivity w/m- k 

Material: air (fluid ) 

Property 

constant 
constant 
constant 

Units 

Value (s) 

2719 
871 
202.4 

Method Value(s) 

Density 
Cp (Spécifi e Heat) 
Thermal Conductivity 
Viscosity 

kg/m3 
j/kg-k 
w/m-k 
kg/m-s 

constant 
constant 
constant 
constant 

1.225 
1006.43 
0.0242 
1.7894e-05 



Moleeular Weight 
L-J Characteristic Length 
L-J Energy Parameter 
Thermal Expansion Coefficient 
Degrees of Freedom 

kg/kgmol 
angstrom 
k 
1/k 

constant 
constant 
constant 
constant 
constant 

28.966 
3.711 
78.6 
0 
0 
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ANNEXE 3 

LIGNES DE PROGRAMMATION D E LA FONCTION DÉFINIE PAR L'USAGE R 
(UDF) DANS FLUENT 

/*Traitement de la surface avec grand zO */ 
/*écrit par Jean Ghanem ""/ 
/ * * * ; | c * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

#include "udf h" 

#define K 0.42 /* CONSTANTE DE VON KARMAN*/ 
#define Cmu 0.0333 /^CONSTANTE DE CRESPO POUR LA TURBULENCE 
ATMOSPHERIQUE*/ 
#define zOam 0.02 
#definezOpa 1.77 
#define zOav 0.02 

/* 
~ Loop over ail the faces of the interface boundary between the two cell zones. 
~ Check if TO thread to this face belongs to the zone for which you need the velocities. 
~ If yes, assign the user defmed memories on this face equal to velocities of TO cell. 
~ If no, assign the user defmed memory on this face equal to velocities of Tl cell.*/ 

/•Fonction pour prendre les valeurs dans la cellule au-dessus du sol et le mettre 
dans les user-defined memory du sol 
Ne pas oublier de définir 9 user defmed memory dans FLuent*/ 

DEFINE_ADJUST(retrieve_u, domain) 

{ 
facet f; 
/*Ne pas oublier de changer l'entier ci-dessous pour s'assurer qu'il représente 
bien la surface intérieure basse gauche*/ 
int IDAM = 25; 
int IDPA = 7; 
intIDAV=13; 
/* Zone ID for wall bottom inside*/ 
Thread *threadam = Lookup_Thread(domain, IDAM); 
Thread *threadpa == Lookup_Thread(domain, IDPA); 
Thread *threadav = Lookup_Thread(domain, IDAV); 
Thread *tcO; 
Thread *tcl; 
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cell t cO; 
ce l l t c l ; 
real xO[ND_ND]; 
realxl[ND_ND]; 
real vitesse_u, vitesse_w; 

begin_f_loop(f, threadam) 
{ 

cO = F_CO(f threadam); 
tcO = THREAD_TO(threadam); 
cl =F_Cl(f,threadam); 
tel =THREAD_T1 (threadam); 
/*0n retrouve maintenant les centroides de ces cellules*/ 
C_CENTROID(xO,cO,tcO); 
C_CENTROID(xl,cl,tcl); 
if (xO[l] < xl[l]) /*ici 1 parce que 2D, on veut la composante z*/ 

{/*cellule cl contient la vitesse recherchée, qu'on enregistre dans xO*/ 
vitesseu = C_U(c 1 ,tc 1 ); /*Prendre la vitesse U*/ 
vitessew = C_V(c 1 ,tc 1 ); 
C_UDMl(cO,tcO,0) = xl[l]; 
C_UDMI(cO,tcO,l) = vitesse_u; 
C_UDMI(cO,tcO,2) = vitesse_w; 

} 
else 

{ 
vitesseu = C_U(cO,tcO); 
vitessew = C_V(cO,tcO); 
C_UDMl(cl,tcl,0) = xO[l]; 
C_UDMl(c 1 ,tc 1,1 ) = vitesseu; 
C_UDMI(cl,tcl,2) = vitessew; 
} 

} 
end_f_loop(f threadam) 

begin_f_loop(f, threadpa) 
{ 

cO = F_CO(f threadpa); 
tcO = THREAD_TO(threadpa); 
cl=F_Cl(f,threadpa); 
tel = THREAD_T1 (threadpa); 
/*On rettouve maintenant les centroides de ces cellules*/ 
C_CENTROID(xO,cO,tcO); 
C_CENTR01D(xl,cl,tcl); 
if (xO[l] < xl[l]) /*ici 1 parce que 2D, on veut la composante z*/ 

{/•cellule cl contient la vitesse recherchée, qu'on eru-egistre dans xO*/ 
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vitesseu = C_U(cl,tcl); /* Prendre la vitesse U*/ 
vitessew = C_V(cl,tcl); 
C_UDMl(cO,tcO,3) = xl[I]; 
C_UDMI(cO,tcO,4) = vitesseu; 
C_UDMI(cO,tcO,5) = vitesse_w; 

} 
else 

vitesse_u = C_U(cO,tcO); 
vitesse_w = C_V(cO,tcO); 
C_UDMI(cl,tcl,3) = xO[l]; 
C_UDMI(c 1 ,tc 1,4) = vitesseu; 
C_UDMl(cl,tcl,5) = vitesse_w; 
} 

} 
end_f_loop(f threadpa) 

begin_f_loop(f threadav) 
{ 

cO = F_CO(f threadav); 
tcO = THREAD_TO(threadav); 
cl =F_Cl(f,threadav); 
tel =THREAD_T1 (threadav); 
/*0n rettouve maintenant les centroides de ces cellules*/ 
C_CENTROlD(x0,c0,tc0); 
C_CENTROID(xl,cl,tcl); 
if (xO[l] < xl[l]) /*ici 1 parce que 2D, on veut la composante z*/ 

{/•cellule cl contient la vitesse recherchée, qu'on enregistre dans xO*/ 
vitesseu = C_U(cl,tcl); /*Prendre la vitesse U*/ 
vitessew = C_V(c 1 ,tc 1 ); 
C_UDMl(cO,tcO,6) = xl[l]; 
C_UDMI(cO,tcO,7) = vitesseu; 
C_UDMI(cO,tcO,8) = vitesse_w; 

I 
else 

{ 
vitesse_u = C_U(cO,tcO); 
vitesse_w = C_V(cO,tcO); 
C_UDMI(cl,tcl,6) = xO[l]; 
C_UDMI(cl,tcl,7) = vitesse_u; 
C_UDMI(cl,tcl,8) = vitessew; 
} 

} 
end_f_loop(f, threadav) 
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} 

* * * * f 

DEFINE_PROFILE(vitesse_am_u, t, i) 
{ 
real x[ND_ND]; /* this will hold the position vector */ 
real z; 
real z_l, u s t a r g ; 
real ux; 
cel l t c; 

begin_c_loop(c, t) 
{ 
C_CENTROID(x,c,t); /*Pour avoir le centroide de la face*/ 
z = x[l]; /*La hauteur de la cellule frontière*/ 
z_l = C_UDMI(c,t,0); /*Pour avoir le centtoide de la cellule adjacente*/ 
ux = C_UDMI(c,t, 1 ); /*Pour avoir la vitesse u dans la cellule adjacente*/ 
u_star_g = K * ux/(log((z_l + zOpa)/zOam)); /*u* in the near-ground cell of the farm 

area*/ 
F_PROFILE(c, t, i) = (u_star_g/K)*log((z+zOpa)/zOam); 

} 
end_c_loop(c, t) 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

* * * * / 
/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

* * * * / 

DEFINE_PROFlLE(vitesse_am_v, t, i) 
{ 
/*On va définir un u* local mais dans la direction perpendiculaire à l'écoulement 
principal, qu'on appelera vs t a rg* / 

real x[ND_ND]; /* this will hold the position vector */ 
real z; 
real z_l, v_star_g; 
real vx; 
cell_t c; 

begin_c_loop(c, t) 

{ 
C_CENTROID(x,c,t); /*Pour avoir le centroide de la face*/ 
z = x[ 1]; /*La hauteur de la cellule frontière*/ 
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z_l = C_UDMI(c,t,0); /*Pour avoir le centroide de la cellule adjacente*/ 
vx = C_UDMI(c,t,2); /*Pour avoir la vitesse v dans la cellule adjacente*/ 
v s t a r g = K * vx/(log((z_l + zOpa)/zOam)); /*v* in the near-ground cell of the farm 

area*/ 
F_PROFILE(c, t, i) = (v_star_g/K)*log((z+zOpa)/zOam); 

} 
end_c_loop(c, t) 

} 
/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * / 
/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

* * * * / 

DEFINE_PROFlLE(k_am, t, i) 
{ 
real x[ND_ND]; /* this will hold the position vector */ 
real z_l, u s t a r g ; 
real ux; 
cel l t c; 

begin_c_loop(c, t) 
{ 
C_CENTROID(x,c,t); /*Pour avoir le centroide de la face*/ 
z_l = C_UDMl(c,t,0); /*Pour avoir le centroide de la cellule adjacente*/ 
ux = C_UDMI(c,t, 1 ); /*Pour avoir la vitesse dans la cellule adjacente*/ 
u_star_g = K * ux/(log((z_l + zOpa)/zOam)); /*u* in the near-ground cell behind the 

farm area*/ 
F_PROFlLE(c, t, i) = pow(u_star_g,2)/sqrt(Cmu); 

} 
end_c_loop(c, t) 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * / 
/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * / 

DEFINE_PROFILE(eps_am, t, i) 

{ 
real x[ND_ND]; /* this will hold the position vector */ 
real z; 
real z_l, u s t a r g ; 
real ux; 

cel l t c; 

begin_c_loop(c, t) 

{ 
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C_CENTR01D(x,c,t); /*Pour avoir le centroide de la face*/ 
z = x[ 1]; /*La hauteur de la cellule frontière*/ 
z_l = C_UDMI(c,t,0); /*Pour avoir le centroide de la cellule adjacente*/ 
ux = C_UDMl(c,t, 1 ); /*Pour avoir la vitesse dans la cellule adjacente*/ 
u_star_g = K * ux/(log((z_l + zOpa)/zOam)); /*u* in the near-ground cell behind the 

farm area*/ 
F_PROFlLE(c, t, i) = pow(u_star_g,3) / (K * (z + zOpa)); 

I 

end_c_loop(c, t) 
} 
/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * / 
; * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * / 

DEFlNE_PROFlLE(vitesse_pa_u, t, i) 
{ 
real x[ND_ND]; /* this will hold the position vector */ 
real z; 
real z_l, u s t a r g ; 
real ux; 
cell_t c; 

begin_c_loop(c, t) 
{ 
C_CENTROID(x,c,t); /*Pour avoir le centroide de la face*/ 
z = x[ 1]; /*La hauteur de la cellule frontière*/ 
z_l = C_UDMI(c,t,3); /*Pour avoir le centroide de la cellule adjacente*/ 
ux = C_UDMI(c,t,4); /*Pour avoir la vitesse u dans la cellule adjacente*/ 
u_star_g = K * ux/(log((z_l + zOpa)/zOpa)); /*u* in the near-ground cell of the farm 

area*/ 
F_PROFILE(c, t, i) = (u_star_g/K)*log((z+zOpa)/zOpa); 

} 
end_c_loop(c, t) 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * / 
/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * / 

DEFINE_PROFILE(vitesse_pa_v, t, i) 

{ 
/*0n va définir un u* local mais dans la direction perpendiculaire à l'écoulement 
principal, qu'on appelera vs ta rg* / 

real x[ND_ND]; /* this will hold the position vector */ 
real z; 
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real z_l, v_star_g; 
real vx; 
cel l t c; 

begin_c_loop(c, t) 
{ 
C_CENTROID(x,c,t); /*Pour avoir le centroide de la face*/ 
z = x[l]; /*La hauteur de la cellule frontière*/ 
z_l = C_UDMI(c,t,3); /*Pour avoir le centroide de la cellule adjacente*/ 
vx = C_UDMl(c,t,5); /*Pour avoir la vitesse v dans la cellule adjacente*/ 
v_star_g = K * vx/(log((z_l + zOpa)/zOpa)); /*v* in the near-ground cell of the farm 

area*/ 
F_PROFILE(c, t, i) - (v_star_g/K)*log((z+zOpa)/zOpa); 

} 
end_c_loop(c, t) 

} 
/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * / 
/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

* * * * / 

DEFINE_PROFILE(k_pa, t, i) 
{ 
real x[ND_ND]; /* this will hold the position vector */ 
r e a l z l , u s t a r g ; 
real ux; 
cell_t c; 

begin_c_loop(c, t) 
{ 
C_CENTROID(x,c,t); /*Pour avoir le centroide de la face*/ 
z_l = C_UDMI(c,t,3); /*Pour avoir le centroide de la cellule adjacente*/ 
ux = C_UDMl(c,t,4); /*Pour avoir la vitesse dans la cellule adjacente*/ 
u_star_g = K. * ux/(log((z_l + zOpa)/zOpa)); /*u* in the near-ground cell behind the 

farm area*/ 
F_PROFlLE(c, t, i) = pow(u_star_g,2)/sqrt(Cmu); 

} 
end_c_loop(c, t) 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * / 
Z * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ' " * * * * * * ' * " ' " * ' * * 

* * * * / 

DEFINE_PROFILE(eps_pa, t, i) 
{ 
real x[ND_ND]; /* this will hold the position vector */ 
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real z; 
real z_l, u s t a r g ; 
real ux; 

cel l t c; 

begin_c_loop(c, t) 
{ 
C_CENTR01D(x,c,t); /*Pour avoir le centroide de la face*/ 
z = x[l]; /*La hauteur de la cellule frontière*/ 
z_l = C_UDMI(c,t,3); /*Pour avoir le centroide de la cellule adjacente*/ 
ux = C_UDMI(c,t,4); /*Pour avoir la vitesse dans la cellule adjacente*/ 
u s t a r g = K * ux/(log((z_l + zOpa)/zOpa)); /*u* in the near-ground cell behind the 

farm area*/ 
F_PROFlLE(c, t, i) = pow(u_star_g,3) / (K * (z + zOpa)); 

} 
end_c_loop(c, t) 

> 
/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * / 
/ * * * * * * * * * * * * * * • * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * / 

DEFINE_PROFILE(vitesse_av_u, t, i) 

{ 
real x[ND_ND]; /* this will hold the position vector */ 
real z; 
real z_l, u_star_g; 
real ux; 
cell_t c; 

begin_c_loop(c, t) 
{ 
C_CENTROID(x,c,t); /*Pour avoir le centroide de la face*/ 
z = x[l]; /*La hauteur de la cellule frontière*/ 
z_I = C_UDMI(c,t,6); /*Pour avoir le centroide de la cellule adjacente*/ 
ux = C_UDMI(c,t,7); /*Pour avoir la vitesse u dans la cellule adjacente*/ 
u s t a r g = K * ux/(log((z_l + zOpa)/zOav)); /*u* in the near-ground cell of the farm 

area*/ 
F_PROFILE(c, t, i) = (u_star_g/K)*log((z+zOpa)/zOav); 

} 
end_c_loop(c, t) 

} 
/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ' i ' ' i ' * * * * * * * * * ' i ' * * 

* * * * / 
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/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

* * * * / 

DEFINE_PROFILE(vitesse_av_v, t, i) 
{ 
/*0n va définir un u* local mais dans la direction perpendiculaire à l'écoulement 
principal, qu'on appelera v s t a rg* / 

real x[ND_ND]; /* this will hold the position vector */ 
real z; 
real z_l, v s t a r g ; 
real vx; 
cel l t c; 

begin_c_loop(c, t) 
{ 
C_CENTROID(x,c,t); /*Pour avoir le centroide de la face*/ 
z = x[ 1]; /*La hauteur de la cellule frontière*/ 
z_l = C_UDMl(c,t,6); /*Pour avoir le centtoide de la cellule adjacente*/ 
vx = C_UDMI(c,t,8); /*Pour avoir la vitesse v dans la cellule adjacente*/ 
v_star_g = K * vx/(log((z_l + zOpa)/zOav)); /*v* in the near-ground cell of the farm 

area*/ 
F_PROFILE(c, t, i) = (v_star_g/K)*log((z+zOpa)/zOav); 

} 
end_c_loop(c, t) 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * / 
/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * / 

DEFINE_PROFILE(k_av, t, i) 

real x[ND_ND]; /* this will hold the position vector */ 
real z_l, u s t a r g ; 
real ux; 
cel l t c; 

begin_c_loop(c, t) 

{ 
C CENTROID(x,c,t); /*Pour avoir le centroide de la face*/ 
z 1 = C_UDMl(c,t,6); /*Pour avoir le centroide de la cellule adjacente*/ 
ux = C_UDMI(c,t,7); /*Pour avoir la vitesse dans la cellule adjacente*/ 
u_star_g = K * ux/(log((z_l + zOpa)/zOav)); /*u* in the near-ground cell behind the 

farm area*/ 
F_PROFILE(c, t, i) = pow(u_star_g,2)/sqrt(Cmu); 

} 
end_c_loop(c, t) 
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/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * / 
/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
V V  ^  T * / 

DEFINE_PROFlLE(eps_av, t, i) 
{ 
real x[ND_ND]; /* diis will hold the position vector */ 
real z; 
real z_l, u s t a r g ; 
real ux; 

cel l t c; 

begin_c_loop(c, t) 
{ 
C_CENTROID(x,c,t); /*Pour avoir le centroide de la face*/ 
z = x[l]; /*La hauteur de la cellule frontière*/ 
z_l = C_UDMI(c,t,6); /*Pour avoir le centroide de la cellule adjacente*/ 
ux = C_UDMI(c,t,7); /*Pour avoir la vitesse dans la cellule adjacente*/ 
u_star_g = K * ux/(log((z_l + zOpa)/zOav)); /*u* in the near-ground cell behind the 

farm area*/ 
F_PROFlLE(c, t, i) = pow(u_star_g,3) / (K * (z + zOpa)); 

} 
end_c_loop(c, t) 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * / 
/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * / 

/* profile for x-velocity */ 

DEFfNE_PROFILE(x_velocity, tf, équation) 

( 
float z[3], y; /* face centroid coodinates */ 
face_t f; /* face identifier */ 

float u; /* x-velocity component */ 

/* Loop on ail faces belonging to the current thread */ 

begin_f_loop(f,tf) 
{ 
F CENTROID(z,f tf); /* get the face centtoid coodinates */ 
y = z[ 1]; /* get the y coordinate */ 
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u = (0.5944/K)*log((y+z0pa)/z0am); /* Logarithmic profile */ 

F_PROFILE(f,tf équation) = u; /* output the velocity */ 

} 
end_f_loop(ftf) 

/* fmished */ 

} 

/* profile for dissipation rate */ 

DEFINE_PROFlLE(dissip_profile, tf équation) 

{ 
float z[3],y; /* face centroid coodinates */ 
face_t f; /* face identifier */ 

float d; /* epsilon */ 

/* Loop on ail faces belonging to the current thread */ 

begin_f_loop(ftf) 
{ 
F_CENTROID(z,f tf); /* get the face centroid coodinates */ 
y = z[ 1 ]; /* get the y coordinate */ 
d = pow(0.5944,3) / (K * (y + zOpa)); /* dissipation rate formula */ 
F_PROFlLE(ftf équation) = d; /* output the dissipation rate */ 

} 
end_f_loop(ftf) 

/* fmished */ 
} 



BIBLIOGRAPHIE 

[ 1 ] Darrell, D., (2002), Illustrated history of wind power development, 
http://telosnet.com/wind. 

[2] Schetz, J.A. (1992), Boundary Layer Analysis. Prentice hall. 

[3] Clauser, F.H., (1956), Turbulent  boundary  loyers  in  adverse  pressure  gradients, 
Journal of aeronautical sciences. Vol. 21, pp. 91. 

[4] Cebeci, T., Bradshaw, P., (1977), Momentum transfer in boundary loyers.  Hémisphère 
Publishing Corporation, New York. 

[5] Fluent (1998), Fluent 6.0 users 's guide. Lebanon, New-Hampshire, États-Unis : Fluent 

[6] Crespo, A., Frandsen, S., Gomez-Elvira, R., Larsen, S.E., (1999), Modelization  of  a 
large wind  farm, considering  the  modification  of  the  atmospheric  boundary  layer, 
European Wind Energy Conférence ppl 109-1112. 

[7] Frandsen, S., (1992), On  the  wind  speed réduction  in  the  center  of  large  clusters  of 
wind turbines.  Journal of Wind Engineering and Industrial Aerodynamics, Vol. 39, pp. 
251-265. 

[8] Hegberg, T., Corten, G.P., Eecen, P.J., (2004), Turbine  interaction in  large  offshore 
wind farms -  Atmospheric boundary  layer above a wind farm, Netherlands Agency for 
Energy and Environment (NOVEM). 

[9] Frandsen, S., Barthelmie, R., Pryor, S., Rathmann, O., Larsen, S., Hojstmp, J., Nielsen, 
P., Thogersen, M. L. (2004), The necessary distance between large wind farms offshore 
- study, Risoe National Laboratory. 

[10] Schlez, W., Umana, A., Barthelmie, R., Larsen, G., Rados, K., Lange, B., Schlepers, 
G., Hegberg, T., (2001), EN DOW: Improvement ofwake models  within  offshore wind 
farms. Journal of Wind engineering. Vol. 25, No. 5, pp. 281-287. 

[II] Barthelmie, R., Bergstrom, H., Magnusson, M., Sciez, W., Rados, K., Lange, B., 
Yolund, P., Neckelmann, S., Christensen, L., Schepers, G., Hegberg, T., Folkerts, L., 
(2001), ENDOW  :  Efficient  Development  of  Offshore  Windfarms,  Journal of Wind 
engineering. Vol. 25, No. 5, pp. 263-270. 

[12] Lange, B., Wadl, H.P., Barthebnie, R, Guerrero, A.G., Heinemann, D. (2003), 
Modelling of Offshore Wind Turbine Wakes with the Wind  Farm Program FLaP,  Wind 
Energy, Vol. 6, Issue 1, pp. 87-104. 

http://telosnet.com/wind


143 

[13] Zigras, D., Moennich, K., (2006), Farm efficiencies in large windfarms, German Wind 
Energy Conférence, Bremen. 

[14] Masson, C, (2004), Cours  Énergie  Éolienne,  École de Technologie Supérieure, 
Montréal, Canada 

[15] Hautala, S., (2001), Oceanography : lecture notes, University of Washington. 

[16] Lettau, H., (1979), Note  on  Aerodynamic  Roughness-Parameter  Estimation  on  the 
Basis of Roughness-Element Description, Joumal of Applied Meteorology, 
Vol. 8, Issue 5, pp. 828-832. 

[ 17] Verkaik, J. W., (2001 ), A methodfor the  geographical interpolation ofwind speed  over 
heterogeneous terrain, Royal Netherlands meteorological Institute. 

[18] Taylor, P.A., (1987), Comments andfurther analysis  on effective roughness lengthsfor 
use in  numerical  three-dimensional  models,  Boundary - layer meteorology. 
Vol. 39, pp. 403-418. 

[19] Larsen, S.E., Hedegaard K., Troen L. (1982), The change of terrain roughness problem 
extended to  mesoscale  fetches,  First international conférence on meteorology and 
air/sea interaction, La Haye, Pays-Bas. 

[20] Wahnsley, J.L., (1989), Internai  boundary-layer  formulae - a  comparison  with 
atmospheric data, Boundary - layer meteorology. Vol. 47, pp. 251-262. 

[21] Panofsky, H. A., Dutton, J.A., (1984), Atmospheric turbulence, models and methods for 
engineering applications, New York: Wiley 

[22] Stull, R.B., {\9%%),  An introduction to boundary layer meteorology, Springer. 

[23] Savelyev, S.A., Taylor, P.A., (2004), Internai boundary loyers: I. Height formulae for 
neutral and diabaticflows, Boundary layer meteorology. Vol. 115, pp. 1-25. 

[24] Wilcox, D.C., (1992), Turbulence modeling for CFD, La Canada, Califomia : DCW 
Industries inc. 

[25] Raithby, G. D., Sttibley, G. D., Taylor, P. A., (1987), The  Askervein hill  project :  A 
finite control  volume  prédiction of  three  dimensional  Jlows over  the  hill,  Boundary-
Layer Meteorology, Vol. 39, Number 3. 

[26] Villanueva, J., Curtet, M.P., Cabezon, D., Cantero, E., Marti, 1. (1997), Wind resource 
assessment in complex terrain using a CFD model. 



144 

[27] MacDonald, R.W., Carter Schofield, S., Slawson, P.R., (2002), Physical modeling  of 
urban roughness  using  arrays  of  regular  roughness  éléments,  Water, Air, and Soil 
Pollution, Focus 2, pp. 541-554. 

[28] Richards, P.J., Hoxey, R.P., (1993), Appropriate  boundary  conditions  for 
computational wind  engineering models using the k-epsilon turbulence model, Joumal 
ofwind engineering and industrial aerodynamics. Vol. 46&47, pp. 145-153 

[29] Alinot, C , Masson, C, (2002), Aerodynamic simulations ofwind turbines  operating in 
atmospheric boundary  layer  with  various  thermal  stratifications,  2002 ASME Wind 
Energy Symposium; AlAA Aerospace Sciences Meeting and Exhibit, 40th, Collection 
of Technical Papers, Reno, NV, Jan. 14-17, 2002. 

[30] Frandsen, S., Barthelmie, R., (2002), Local wind climate within and downwind of large 
offshore wind  turbine clusters, Wind Engineering, Vol. 26, Number 1, 1 January 2002, 
pp. 51-58. 

[31] Corten, G.P., Schaak, P., Hegberg, T., (2004), Velocity  profiles measured  above  a 
scaled wind farm, Energy research Centre of the Netherlands, ECN Wind Energy. 

[32] Sempreviva, A.M., (1990), Response  of  neutral  boundary  loyers  to  changes  of 
roughness. Collège on atmospheric boundary layer physics, 'Modelling of atmospheric 
flow fields'. 

[33] Schlichttng, H., Gersten, K., (2004), Boundary layer theory, Springer. 

[34] WhiteF.M., (1991), Viscous fluid flow, McGraw Hill. 

[35] Panofsky, H.A., (1973), Tower micrometeorology, American Meteorological Society. 

[36] Jensen, N.O., (1978), Change of surface roughness and the planetary boundary  layer, 
Quarteriy Joumal of the Royal Meteorological Society, Vol. 104, pp. 351-356. 

[37] Corten, G.P., Brand, A.J. (2004), Resource  decrease  by  large  scale  wind  farming, 
Energy research Centre of the Netherlands, ECN Wind Energy. 

[38] Shir, C.C, (1972), A  numerical  computation  of  air  flow over  a  sudden  change  of 
surface roughness,  Joumal of Atmospheric Sciences, Vol. 29 pp.304-310. 

[39] Jones, W.P., Launder, B.E., (1972), The  prédiction of  laminarization  with  a  hvo-
equation model of turbulence, International Joumal of Heat and Mass Transfer, Vol. 15 
pp.301-314. 

[40] Patankar, S.V. (1980), Numerical heat transfer and fluid flow. Séries in computational 
and physical processes in mechanics and thermal sciences, New York : McGraw-Hill. 


