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𝑃𝑜𝑢𝑠𝑠é𝑒 𝑑′𝐴𝑟𝑐ℎ𝑖𝑚è𝑑𝑒 ∶ 𝐹𝐴=
4

3
𝜋𝑅3𝜌𝑔

𝐹𝑜𝑟𝑐𝑒 𝑑𝑒 𝑡𝑟𝑎𝑖𝑛é𝑒 ∶ 𝐹𝑡 =
1

2
𝐶𝐷𝜌𝑢2𝜋𝑅2

𝑢 𝑙𝑎 𝑣𝑖𝑡𝑒𝑠𝑠𝑒 𝑑𝑒𝑠 𝑏𝑢𝑙𝑙𝑒𝑠, 𝐶𝐷 𝑙𝑒 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑑𝑒 𝑡𝑟𝑎𝑖𝑛é𝑒

𝐿𝑒 𝑛𝑜𝑚𝑏𝑟𝑒 𝑑𝑒 𝑅𝑒𝑦𝑛𝑜𝑙𝑑𝑠 𝑒𝑠𝑡 𝑑é𝑓𝑖𝑛𝑖 𝑡𝑒𝑙 𝑞𝑢𝑒 ∶ 𝑅𝑒 =
2𝜌𝑅𝑢

𝜂

𝑉𝑖𝑡𝑒𝑠𝑠𝑒 𝑑𝑒𝑠 𝑏𝑢𝑙𝑙𝑒𝑠 ∶ 𝑢 =
2𝛼𝜌𝑔

9𝜂
𝑅²

𝑀𝑜𝑑è𝑙𝑒 𝑑𝑒 𝑀𝑎𝑥𝑤𝑜𝑟𝑡ℎ𝑦 𝑝𝑜𝑢𝑟 𝑙𝑒 𝑐𝑎𝑙𝑐𝑢𝑙 𝑑𝑒 𝐶𝐷 :

𝑆𝑖 1 < 𝑅𝑒 < 800 ∶ 𝐶𝐷 = 11,1𝑅𝑒−0,74

 𝑔

𝐹𝑎

𝑢

𝐹𝑡



𝐷′𝑎𝑝𝑟è𝑠 𝑀𝑟 𝐿𝑖𝑔𝑒𝑟 − 𝐵𝑒𝑙𝑎𝑖𝑟,

𝑙′𝑎𝑐𝑐𝑟𝑜𝑖𝑠𝑠𝑒𝑚𝑒𝑛𝑡 𝑑𝑢 𝑟𝑎𝑦𝑜𝑛 𝑑𝑒 𝑙𝑎 𝑏𝑢𝑙𝑙𝑒 𝑒𝑠𝑡 𝑡𝑒𝑙 𝑞𝑢𝑒 ∶

𝑂𝑛 𝑙𝑒 𝑛𝑜𝑡𝑒𝑟𝑎 ∶ 𝑘 =
𝑑𝑅

𝑑𝑡

𝑘 𝑒𝑠𝑡 𝑑é𝑡𝑒𝑟𝑚𝑖𝑛é à 𝑝𝑎𝑟𝑡𝑖𝑟 𝑑𝑒𝑠 𝑝𝑟𝑜𝑝𝑟𝑖é𝑡é𝑠 𝑑𝑒𝑠 𝑙𝑖𝑞𝑢𝑖𝑑𝑒𝑠:

𝑘 =
𝑑𝑅

𝑑𝑡
= 0,63

ℜ𝜃

𝑃0
𝐷0

2
3 2𝛼𝜌𝑔

9𝜂

1
3

(𝐶𝑙 − 𝑘𝐻)

𝑃𝑎𝑟 𝑠𝑢𝑖𝑡𝑒, 𝑜𝑛 𝑑é𝑓𝑖𝑛𝑖𝑡 𝑅 = 3
𝜂

2𝛼𝜌𝑔
𝑘𝐻

1
3

𝐸𝑣𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑑𝑢 𝑡𝑎𝑢𝑥 𝑑𝑒 𝑐𝑟𝑜𝑖𝑠𝑠𝑎𝑛𝑐𝑒 𝑒𝑛 𝑓𝑜𝑛𝑐𝑡𝑖𝑜𝑛 𝑑𝑢 𝑡𝑒𝑚𝑝𝑠

𝛼 𝑒𝑠𝑡 𝑝𝑟𝑜𝑝𝑟𝑒 𝑎𝑢 𝑓𝑙𝑢𝑖𝑑𝑒, 𝑖𝑙 𝑣𝑎𝑢𝑡 𝑖𝑐𝑖 0,74
𝐻 𝑙𝑎 𝑙𝑜𝑛𝑔𝑢𝑒𝑢𝑟 𝑐𝑎𝑟𝑎𝑐𝑡é𝑟𝑖𝑠𝑡𝑖𝑞𝑢𝑒 𝑑𝑢 𝑠𝑦𝑠𝑡è𝑚𝑒



𝐶𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑠 𝑎𝑢𝑥 𝑙𝑖𝑚𝑖𝑡𝑒𝑠 ∶

𝐿𝑒𝑠 𝑝𝑎𝑟𝑜𝑖𝑠 𝑑𝑢 𝑣𝑒𝑟𝑟𝑒 𝑠𝑜𝑛𝑡 𝑑𝑒𝑠 𝑚𝑢𝑟𝑠 𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑛𝑎𝑖𝑟𝑒𝑠.

𝐿′é𝑐𝑜𝑢𝑙𝑒𝑚𝑒𝑛𝑡 𝑒𝑠𝑡 𝑐𝑜𝑛𝑠𝑖𝑑é𝑟é 𝑠𝑢𝑏𝑠𝑜𝑛𝑖𝑞𝑢𝑒.

𝑂𝑛 𝑒𝑠𝑠𝑎𝑖𝑒 𝑑𝑒 𝑚𝑜𝑑é𝑙𝑖𝑠𝑒𝑟 𝑢𝑛𝑒 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑙𝑖𝑏𝑟𝑒 𝑠𝑢𝑟 𝑙′𝑖𝑛𝑡𝑒𝑟𝑓𝑎𝑐𝑒
𝑎𝑖𝑟

𝑚𝑖𝑥𝑡𝑢𝑟𝑒
𝑈𝑛𝑒 𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑠𝑡𝑎𝑡𝑖𝑞𝑢𝑒 𝑒𝑠𝑡 𝑎𝑝𝑝𝑙𝑖𝑞𝑢é𝑒 𝑠𝑢𝑟 𝑙𝑒 𝑚é𝑙𝑎𝑛𝑔𝑒

𝐿𝑎 𝑝ℎ𝑎𝑠𝑒 𝑙𝑖𝑞𝑢𝑖𝑑𝑒 𝑒𝑠𝑡 𝑐𝑜𝑛𝑠𝑖𝑑é𝑟é𝑒 𝑐𝑜𝑚𝑚𝑒 𝑖𝑛𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑏𝑙𝑒.

𝑂𝑛 𝑛𝑜𝑡𝑒𝑟𝑎 𝑞𝑢𝑒 𝑙𝑒 𝑛𝑜𝑚𝑏𝑟𝑒 𝑑𝑒 𝑅𝑒𝑦𝑛𝑜𝑙𝑑𝑠 𝑒𝑠𝑡 𝑡𝑒𝑙 𝑞𝑢𝑒 ∶ 𝑅𝑒 ∈ [1,200]
𝐿𝑒𝑠 𝑝𝑎𝑟𝑡𝑖𝑐𝑢𝑙𝑒𝑠 𝑠𝑜𝑛𝑡 𝑖𝑛𝑗𝑒𝑐𝑡é𝑒𝑠 𝑖𝑐𝑖
𝑇𝑎𝑖𝑙𝑙𝑒 𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑒 ∶ 5. 10−5m

𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝑙𝑖𝑏𝑟𝑒

𝐷𝑜𝑚𝑎𝑖𝑛𝑒
é𝑡𝑢𝑑𝑖é





Laser à haute intensité

Dispositif diffractant

Nappe laser

Récipient avec le fluide 

Caméra à longue prise 



Laser vert

Barre de verre
Verre
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D’après Wikipédia



𝝆𝑙

𝜕 𝜺𝑼

𝜕𝑡
+ 𝛻 ∙ 𝜺𝑼𝑼 = −𝛻 𝒑 + 𝛻 ∙ 𝜺𝝉 + 𝜺𝝆𝒈 + 𝑭𝒃

:   𝐹𝑟 =
𝑈

𝑔𝐻

𝜕𝜺

𝜕𝑡
+ 𝑑𝑖𝑣 𝜺𝑼 = 0

− 𝑭𝒃 𝑙𝑎 𝑓𝑜𝑟𝑐𝑒 𝑟é𝑠𝑢𝑙𝑡𝑎𝑛𝑡 𝑑𝑒𝑠 𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛𝑠
𝑑𝑒 𝑐ℎ𝑎𝑐𝑢𝑛𝑒 𝑑𝑒𝑠 𝑏𝑢𝑙𝑙𝑒𝑠 𝑑𝑎𝑛𝑠 𝑙𝑎 𝑝ℎ𝑎𝑠𝑒 𝑙𝑖𝑞𝑢𝑖𝑑𝑒

− 𝝉 𝑙𝑒 𝑡𝑒𝑛𝑠𝑒𝑢𝑟 𝑑𝑒 𝑐𝑜𝑛𝑡𝑟𝑎𝑖𝑛𝑡𝑒 𝑣𝑖𝑠𝑞𝑢𝑒𝑢𝑠𝑒
𝜺 𝑙𝑒 "𝑙𝑖𝑞𝑢𝑖𝑑 ℎ𝑜𝑙𝑑𝑢𝑝"



#include "udf.h"
#include "dpm.h"

real k;
real coeff;
real coeff2;
real TE;

DEFINE_DPM_SOURCE(dpm_source,c,t,S,strength,p)
{
P_MASS(p)=(0.97913*P_DIAM(p)*P_DIAM(p)*P_DIAM(p))
;

/* (Pi X Rho X Dcube) / 6 */
}

DEFINE_ADJUST(k_change,d)
{
cell_t c;
Thread *t;

real time=RP_Get_Real("flow-time");

if ( time < 60)
k = 0.000160;
else
if (time<120)
k = 0.000145;
else
if (time< 180)
k = 0.000130;

else
if (time< 240)
k = 0.000120;
else
if (time< 300)
k = 0.000110;
else
if (time< 600)
k = 0.000105;
else
if (time< 900)
k = 0.000085;
else
if (time< 1200)
k = 0.000073;
}



real TE;
DEFINE_DPM_INJECTION_INIT(bubble_velocity,I)
{
Particle *p;
real coeff;

loop(p,I->p)  
{

coeff2 = (P_DIAM(p)/2*P_DIAM(p)/2);
P_VEL(p)[1]=755445*coeff2;

/* (2alpha X Rho X g) / 9 Eta X R²*/ 

}
}

/*calcul de Cd*/

coeff5= coeff4*3133.72;

/*calcul de Cd X Pi X Ro */

coeff6= (P_DIAM(p)/2*P_DIAM(p)/2);

/* calcul de R² */

coeff7 =(565185*coeff6)*(565185*coeff6);

/* calcul de U² */

if ( Re <= 0.01)
drag_force = 18.0;

else

if ( Re <= 100)

drag_force = 
1/2*(11.1*pow(Re,-
0.74))*coeff6*coeff7*3133.
72;

return (drag_force);
}


