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𝑖  =
𝝁

𝑘 
 𝑢                                                                                       (1) 

μ

Ω

Ω Ω

                                                                         u =  nū                                                                               (2) 

n= 
Ω𝐸

Ω
                                                      (3) 

                           n = n (X, t)                                                               (4) 

   n = n (X)                                                                                    (5) 

 
Figure 1 Graphical description of fluid  velocity and Darcy velocity  Image is taken from (1)  
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α β

∂tu + 𝐮̅ ・∇u + n∇p − 2∇ ・ν∇su − bn + D = 0                   (6) 

∂t u = 
𝛛𝐮

𝛛𝐭
 .D

D = αu + βu ・ u.                                                 (7) 

where α and β are constant coefficients. 

2 The Weak Form of the Problem 

                                        u(x, 0) = u0(x)                     in Ω; 

                                   u(x, t) = g(x, t)                   on ∂ΩD,         t ∈ (0, T );                        (8) 

       n ・σ(x, t) = t(x, t)            on ∂ΩN ,        t ∈ (0, T ); 

Ω Ω

integrating by parts 

∫ 𝒘
𝝏𝒖

𝝏𝒕
𝒅Ω

Ω

+ ∫ 𝒘𝒖 ・𝛻𝒖 𝒅Ω

Ω

+ ∫ 𝒘𝑛𝛻 𝑝𝒅

Ω

𝜴 − 𝟐 ∫ 𝜴𝛻𝒘: 𝜈𝛻𝑠𝒖 𝒅Ω

+ ∫ 𝒘(𝛼𝒖 +  𝛽𝒖 ・𝒖)𝒅Ω

Ω

− ∫ 𝒘𝑛𝒃𝒅Ω

Ω

= 𝟎 

                                                                                                                           ………..(9a)   

∫ 𝑞 𝛻・𝒖 𝒅Ω = 𝟎

Ω

 

                                                                                                                            ....………..(9b) 
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∑ 𝑁𝑖 = 1             
 

⇒                      𝑁𝑖 = 1 − ∑ 𝑁𝑗

𝑗≠𝑖𝑖

 

∑ ∇𝑁𝑖 = 0             
 

⇒                      ∇ 𝑁𝑖 = − ∑ ∇𝑁𝑗

𝑗≠𝑖𝑖

 

ϕ

Ω

Ω

ϕ(x) = d(x)                         if x ∈ Ω,                                              t ∈ (0, T ); 

                  ϕ(x) = d(x) =0                    if x ∈ ∂Ω,                                           t ∈ (0, T );            (10) 

ϕ(x) = −d(x)                        if x ∈ Ω,                                             t ∈ (0, T ); 

Ω
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   ∂tϕ + u ・ ∇ϕ =0               in Ω0,                        t ∈ (0, T ), 

                                   𝛟 =  𝛟                            on ∂Ωin,                    t ∈ (0, T ),                       (11) 

                                      ϕ(x, 0) = ϕ0(x)                   in Ω0,  

where ∂Ωin := {x ∈ ∂Ω0 | u ・ n < 0} is the inflow part of ∂Ωm. 

 

Figure 2 Visualization of results in GID 
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rho g h p  

1000 9.81 1 9810 

1000 9.81 2 19620 

1000 9.81 3 29430 

1000 9.81 4 39240 

1000 9.81 5 49050 

 
 

Figure 3 Mesh formation of still water tank 

 

  

Figure 4 Postprocess results of still water example fig. on left from the Incompressible fluid application and fig. on right 
results from the free surface application of pressure inside the tank
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Figure 5 Initial Postprocessl results of  water feeling of vertical column example fig. on left from the Incompressible fluid 

application and fig. on right results from the free surface application 

  
Figure 6 Final  Postprocess  results of water feeling of vertical column example fig. on left from the Incompressible fluid 

application and fig. on right results from the free surface application  
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Figure 7  Initial  Postprocess results of l water feeling of vertical col. with lateral opening example fig. on left from the 
Incompressible fluid application and fig. on right results from the free surface application  

 

 
 
 

 
Figure 8 Final Postprocess results of initial water feeling of vertical col. with lateral opening example fig. on left from the 

Incompressible fluid application and fig. on right results from the free surface application 
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Figure 9 Geometry and mesh of Dam example 

 

 

  
Figure 10  Initial Postprocess results of pressure inside dam wall  fig. on left from the Incompressible fluid application and 

fig. on right results from the free surface application 
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Figure 11 Final Postprocess results of dam example fig. on left from the Incompressible fluid application and fig. on right 

results from the free surface application 

 

Figure 12 Comparison between the numerical and experimental pressure 
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http://www.gidhome.com/

