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Apéndice A

Stokes2D 
 
 
 

// PROGRAMA PARA CALCULAR UNA APROXIMACION A LA ECUACION DE STOKES EN LAS 
VARIABLES CORRIENTE VORTICIDAD

// LA CORRIENTE ESTA REPRESENTADA POR psi Y LA VORTICIDAD POR W ES DECIR:
// CORRIENTE=psi
//VORTICIDAD=w

// ESTOS INCLUDE SON BIBLIOTECAS DE PROGRAMAS QUE USA EL Deal II PARA LOS 
ELEMENTOS FINITOS

#include <base/quadrature_lib.h>
#include <base/logstream.h>
#include <base/function.h>
#include <lac/block_vector.h>
#include <lac/full_matrix.h>
#include <lac/block_sparse_matrix.h>
#include <lac/solver_cg.h>
#include <lac/solver_gmres.h>
#include <lac/precondition.h>
#include <grid/tria.h>
#include <grid/tria_boundary_lib.h>
#include <grid/grid_generator.h>
#include <grid/tria_accessor.h>
#include <grid/tria_iterator.h>
#include <dofs/dof_handler.h>
#include <dofs/dof_renumbering.h>
#include <dofs/dof_accessor.h>
#include <dofs/dof_tools.h>
#include <fe/fe_dgq.h>
#include <fe/fe_q.h>
#include <fe/fe_system.h>
#include <fe/fe_values.h>
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#include <numerics/vectors.h>
#include <numerics/matrices.h>
#include <numerics/data_out.h>
#include <numerics/error_estimator.h>
#include <fstream>
#include <iostream>
#include <base/tensor_function.h>
#include <base/convergence_table.h>

using namespace dealii;
// EN ESTA PARTE DE DEFINEN ALGUNAS CLASES QUE SE VAN A USAR ASI COMO LA 
ORGANIZACION QUE VA A TENER EL    PROGRAMA                          
template <int dim>
class MixedLaplaceProblem 
{
  public:
    MixedLaplaceProblem ();
    ~MixedLaplaceProblem ();
    void run ();
    
  private:
    void make_grid_and_dofs ();   
    void setup_system ();
    void assemble_system ();
    void solve ();
    void compute_errors () const;
    void output_results () const;

       
    Triangulation<dim>   triangulation;
    FESystem<dim>        fe;
    DoFHandler<dim>      dof_handler;
    ConstraintMatrix     hanging_node_constraints;

    
    SparsityPattern      sparsity_pattern;
    SparseMatrix<double> system_matrix;

    Vector<double>       solution;
    Vector<double>       system_rhs;
};
// EL RotRightHandSide ES EL ROTACIONAL DE LA FUNCION f ORIGINAL QUE EN 
EL PROGRAMA LLAMAN RightHandSide ES DECIR EN LA ECUACION DE STOKES 
REPRESENTAN LAS FUERZAS ESTERNAS
template <int dim>
class RotRightHandSide :  public Function<dim> 
{
  public:
    RotRightHandSide ();
    
    virtual void vector_value (const Point<dim> &p,

       Vector<double>   &values) const;
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    virtual void vector_value_list (const std::vector<Point<dim> > 
&points,

    std::vector<Vector<double> >   &value_list) 
const;
};
// EN ESTA CLASE SE DEFINEN LOS VALORES DE FRONTERA
template <int dim>
class BoundaryValues : public Function<dim> 
{
    public:
    BoundaryValues  () : Function<dim>(dim) {}
    
    virtual void vector_value (const Point<dim> &p, 

       Vector<double>   &value) const;  
};

//AQUI SE DEFINE EL RotRightHandSide COMO UN VECTOR
template <int dim>
void RotRightHandSide<dim>::vector_value_list (const 
std::vector<Point<dim> > &points,

    std::vector<Vector<double> >   
&value_list) const 
{
  const unsigned int n_points = points.size();

  Assert (value_list.size() == n_points, 
  ExcDimensionMismatch (value_list.size(), n_points));

  for (unsigned int p=0; p<n_points; ++p)
    RotRightHandSide<dim>::vector_value (points[p],

      value_list[p]);
}
template <int dim>
RotRightHandSide<dim>::RotRightHandSide () :

Function<dim> (dim)
{}

//POR ESTE LADO SE DEFINE EL VALOR DEL VECTOR RotRightHandSide
template <int dim>
inline
void RotRightHandSide<dim>::vector_value (const Point<dim> &p,

                                        Vector<double>   &values) const 
{
  values(0) = 0;
  values(1) = 0;
   
}
//EN ESTA PARTE ESCRIBIMOS EL VALOR DE w Y psi  EN LA FRONTERA
template <int dim>
void
BoundaryValues<dim>::vector_value (const Point<dim> &p,

  Vector<double>   &values) const 
{
  Assert (values.size() == dim,
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  ExcDimensionMismatch (values.size(), dim));
values(0) =20*p[0]*p[0]*p[0] - 60*p[0]*p[1]*p[1];  
values(1) =5*p[0]*p[1]*p[1]*p[1]*p[1] - p[0]*p[0]*p[0]*p[0]*p[0];

}
// ESTA CLASE DEFINE EL VALOR EXACTO DE LA VARIABLE CORRIENTE psi
template <int dim>
class ExactSolutionpsi : public Function<dim> 
{

     public:
     ExactSolutionpsi () : Function<dim>() {}
     
     virtual double value (const Point<dim>   &p,
                           const unsigned int  component = 0) const;
     
     virtual Tensor<1,dim> gradient(const Point<dim>   &p,
                                      const unsigned int  component = 
0) const;

};
// AQUI DAMOS EL VALOR EXACTO DE LA FUNCION psi
template <int dim>
double ExactSolutionpsi<dim>::value (const Point<dim>   &p,

                                      const unsigned int) const
{

     
   return 5*p[0]*p[1]*p[1]*p[1]*p[1] - p[0]*p[0]*p[0]*p[0]*p[0];
}

// POR ESTE LADO ESCRIBIMOS EL VALOR EXACTO DEL GRADIANTE DE psi
template <int dim>
Tensor<1,dim> ExactSolutionpsi<dim>::gradient (const Point<dim>   &p,

                                      const unsigned int  /*component 
= 0*/) const
{

   Tensor<1,dim> return_value;

   
                
       return_value[0] = 5*p[1]*p[1]*p[1]*p[1]-5*p[0]*p[0]*p[0]*p[0];
       
                    
       return_value[1] = 20*p[0]*p[1]*p[1]*p[1]; 

       
   return return_value;
}
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//ESTA CLASE DEFINE EL VALOR EXACTO DE LA CORRIENTE Y VORTICIDAD 
template <int dim>
class ExactSolution : public Function<dim> 
{
  public:
    ExactSolution () : Function<dim>(dim) {}
    
    virtual void vector_value (const Point<dim> &p, 

       Vector<double>   &value) const;
};

template <int dim>
void
ExactSolution<dim>::vector_value (const Point<dim> &p,

  Vector<double>   &values) const 
{
  Assert (values.size() == dim,

  ExcDimensionMismatch (values.size(), dim));

  values(0) =20*p[0]*p[0]*p[0] - 60*p[0]*p[1]*p[1];
  values(1) =5*p[0]*p[1]*p[1]*p[1]*p[1] - p[0]*p[0]*p[0]*p[0]*p[0];

}

// EN ESTA PARTE ELEGIMOS EL ELEMENTO FINITO A USAR EN ESTE CASO LINEALES 
template <int dim>
MixedLaplaceProblem<dim>::MixedLaplaceProblem ()

:
dof_handler (triangulation),
fe (FE_Q<dim>(1), dim)
    

{}
//ESTA PARTE MARCA LA TRIANGULACION Y EL REFINAMIENTO
template <int dim>
void MixedLaplaceProblem<dim>::make_grid_and_dofs ()
{
  GridGenerator::hyper_cube (triangulation, 0, 1);
  triangulation.refine_global (5);
  
std::cout << "   Number of active cells: "

    << triangulation.n_active_cells()
    << std::endl
    << "   Total number of cells: "
    << triangulation.n_cells()
    << std::endl;

  dof_handler.distribute_dofs (fe);

  std::cout << "   Number of degrees of freedom: "
    << dof_handler.n_dofs()
    << std::endl;

}
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template <int dim>
MixedLaplaceProblem<dim>::~MixedLaplaceProblem ()
{
  dof_handler.clear ();
}

template <int dim>
void MixedLaplaceProblem<dim>::setup_system ()
{
  dof_handler.distribute_dofs (fe);
  hanging_node_constraints.clear ();
  DoFTools::make_hanging_node_constraints (dof_handler,

   hanging_node_constraints);
  hanging_node_constraints.close ();
  sparsity_pattern.reinit (dof_handler.n_dofs(),

   dof_handler.n_dofs(),
   dof_handler.max_couplings_between_dofs());

  DoFTools::make_sparsity_pattern (dof_handler, sparsity_pattern);

  hanging_node_constraints.condense (sparsity_pattern);

  sparsity_pattern.compress();

  system_matrix.reinit (sparsity_pattern);

  solution.reinit (dof_handler.n_dofs());
  system_rhs.reinit (dof_handler.n_dofs());
}

   //  AQUI SE HACE EL ENSAMBLE DEL SISTEMA ES DECIR SE DISCRETIZA EL 
SISTEMA DE ECUACIONES DIFERENCIABLES  
template <int dim>
void MixedLaplaceProblem<dim>::assemble_system () 
{  
  

  QGauss<dim>  quadrature_formula(2);
  QGauss<dim-1> face_quadrature_formula(2);

  FEValues<dim> fe_values (fe, quadrature_formula, 
   update_values   | update_gradients |

                           update_quadrature_points | update_JxW_values);

FEFaceValues<dim> fe_face_values (fe, face_quadrature_formula, 
    update_values    | update_normal_vectors |
    update_q_points  | update_JxW_values);

  
  const unsigned int   dofs_per_cell = fe.dofs_per_cell;
  const unsigned int   n_q_points    = quadrature_formula.size();
  const unsigned int   n_face_q_points = 
face_quadrature_formula.n_quadrature_points;
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  FullMatrix<double>   cell_matrix (dofs_per_cell, dofs_per_cell);
  Vector<double>       cell_rhs (dofs_per_cell);

  std::vector<unsigned int> local_dof_indices (dofs_per_cell);

  RotRightHandSide<dim>      Rotright_hand_side;
  BoundaryValues<dim>    BoundaryValues;
  const ExactSolutionpsi<dim> exact_solutionpsi;
  std::vector<Vector<double> > rhs_values (n_q_points,

   Vector<double>(dim));

unsigned int comp_i, comp_j;
typename DoFHandler<dim>::active_cell_iterator cell = 
dof_handler.begin_active(),

endc = dof_handler.end();
for (; cell!=endc; ++cell)
    {

cell_matrix = 0;
        cell_rhs = 0;

        fe_values.reinit (cell);
        Rotright_hand_side.vector_value_list 
(fe_values.get_quadrature_points(),

rhs_values);

  for (unsigned int q=0; q<n_q_points; ++q) 
        for (unsigned int i=0; i<dofs_per_cell; ++i)
          {

    comp_i = fe.system_to_component_index(i).first;
            for (unsigned int j=0; j<dofs_per_cell; ++j)
              {

comp_j = fe.system_to_component_index(j).first;
// grad_f_i * grad_f_j

const double CD = 1;
if ( comp_i==comp_j )

                cell_matrix(i,j) +=  CD*fe_values.shape_grad(i,q) *
             fe_values.shape_grad(j,q) *

                                           fe_values.JxW(q);
  

    
// fi * fj

if ( (comp_i==1) && (comp_j==0) )
cell_matrix(i,j) +=  -fe_values.shape_value(i,q) *

      fe_values.shape_value(j,q) *
      fe_values.JxW(q);

              }
     cell_rhs(i) += fe_values.shape_value(i,q) *

                             rhs_values[q](comp_i) * fe_values.JxW(q);
          }
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//EN ESTA PARTE ESTA DEFINIDA LA DERIVADA NORMAL DE psi 
  for (unsigned int face=0;
            face<GeometryInfo<dim>::faces_per_cell;
            ++face)
         if (cell->at_boundary(face))
           {
             fe_face_values.reinit (cell, face);
             
              
             for (unsigned int q=0; q<n_face_q_points; ++q)

{
                double neumann_value
                  = (exact_solutionpsi.gradient 
(fe_face_values.quadrature_point(q)) *
                     fe_face_values.normal_vector(q));

              

      for (unsigned int i=0; i<dofs_per_cell; ++i) {
                   comp_i = fe.system_to_component_index(i).first;

   if (comp_i==1)           
                   cell_rhs(i) += (neumann_value *
                                  fe_face_values.shape_value(i,q) *
                                  fe_face_values.JxW(q));

       }
              }

          }

       cell->get_dof_indices (local_dof_indices);
       for (unsigned int i=0; i<dofs_per_cell; ++i)
        {
          for (unsigned int j=0; j<dofs_per_cell; ++j)
            system_matrix.add (local_dof_indices[i],
                               local_dof_indices[j],
                               cell_matrix(i,j));
          
          system_rhs(local_dof_indices[i]) += cell_rhs(i);

    } 

  hanging_node_constraints.condense (system_matrix);
  hanging_node_constraints.condense (system_rhs);
  

  std::map<unsigned int,double> boundary_values;
  VectorTools::interpolate_boundary_values (dof_handler,
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    0,
    BoundaryValues,
    

boundary_values,std::vector<bool>(false,true));
  MatrixTools::apply_boundary_values (boundary_values,

      system_matrix,
      solution,
      system_rhs);

}

}
//AQUI SE IMPLEMENTA LA SOLUCION 
template <int dim>
void MixedLaplaceProblem<dim>::solve () 
{
  SolverControl           solver_control (1000, 1e-8);
  SolverGMRES<>              gmres (solver_control);

  PreconditionJacobi<> preconditioner;
  preconditioner.initialize(system_matrix, 1.0);

  gmres.solve (system_matrix, solution, system_rhs,
    preconditioner);

  std::cout << solver_control.last_step()
              << " Solver iterations to obtain convergence."
              << std::endl;
  hanging_node_constraints.distribute (solution);
}
// ESTA PARTE CALCULA EL ERROR
template <int dim>
void MixedLaplaceProblem<dim>::compute_errors () const
{
  const ComponentSelectFunction<dim>
       w_mask (0, 2);
  const ComponentSelectFunction<dim>
    psi_mask(1, 2);
        ExactSolutionpsi<dim> exact_solutionpsi;
  ExactSolution<dim> exact_solution;
  Vector<double> cellwise_errors (triangulation.n_active_cells());

                                   
  QGauss<2>     quadrature(4);
                                   
  VectorTools::integrate_difference (dof_handler, solution, 
exact_solution,
                                     cellwise_errors, quadrature,
                                      VectorTools::L2_norm,
                                     &w_mask);
  const double w_l2_error = cellwise_errors.l2_norm();
  
  VectorTools::integrate_difference (dof_handler, solution, 
exact_solution,
                                     cellwise_errors, quadrature,
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                                      VectorTools::L2_norm,
                                     &psi_mask);
  const double psi_l2_error = cellwise_errors.l2_norm();
  
  std::cout << "Errors: ||e_w||_L2 = " << w_l2_error

    << ",   ||e_psi||_L2 = " << psi_l2_error
    << std::endl;

}

// AQUI PEDIMOS EN QUE FORMATO QUEREMOS VER LA SOLUCION APROXIMADA                       
template <int dim>
void MixedLaplaceProblem<dim>::output_results () const
{
  std::vector<std::string> solution_names;
  switch (dim)
    {
      case 2:
            solution_names.push_back ("w");
           
            solution_names.push_back ("psi");
            break;
            
                 
      default:
            Assert (false, ExcNotImplemented());
    }
  
  
  DataOut<dim> data_out;

  data_out.attach_dof_handler (dof_handler);
  data_out.add_data_vector (solution, solution_names);

  data_out.build_patches (1);

  std::ofstream output ("solution.gmv");
  data_out.write_gmv (output);
}

// AQUI SE DICE COMO DEBE CORRER EL PROGRAMA                              
template <int dim>
void MixedLaplaceProblem<dim>::run () 
{
  make_grid_and_dofs();
  setup_system ();
  assemble_system ();
  solve ();
  compute_errors ();
  output_results ();
}
    
                                
int main () 
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{
  try
    {
      deallog.depth_console (0);

      MixedLaplaceProblem<2> mixed_laplace_problem;
      mixed_laplace_problem.run ();
    }
  catch (std::exception &exc)
    {
      std::cerr << std::endl << std::endl

<< "----------------------------------------------------"
<< std::endl;

      std::cerr << "Exception on processing: " << std::endl
<< exc.what() << std::endl
<< "Aborting!" << std::endl
<< "----------------------------------------------------"
<< std::endl;

      
      return 1;
    }
  catch (...) 
    {
      std::cerr << std::endl << std::endl

<< "----------------------------------------------------"
<< std::endl;

      std::cerr << "Unknown exception!" << std::endl
<< "Aborting!" << std::endl
<< "----------------------------------------------------"
<< std::endl;

      return 1;
    }

  return 0;
}
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