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Discrete models are used in industry for many applications. In one of the most frequently
used Finite Element Method (FEM) for Computational Fluid Dynamics (CFD) calculations,
these models may be two-dimensional or three-dimensional [1].
2D models are used as a simplification to achieve satisfied results in the shortest
computational time. 3D models, on the other hand, are used for more complex calculations.
These models are real-world domains representation that have been appropriately
simplified to make the calculations accurate and correct. The calculation time of a 3D model
is significantly longer compared to 2D . For this reason, to reduce the calculation time,
different types of simplifications and various types of discrete model meshes are used [1].

Figure 1. 2D Discrete models used for Computational fluid dynamics  
(CFD) calculations [2] 
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Figure 2. 3D Discrete models used for Computational fluid dynamics  
(CFD) calculations [2]

Figure 14. Poly-Hexcore mesh - velocity field at outlet

Figure 10. Poly-Hexcore mesh - velocity field at 15 [m] 

Figure 12. Poly-Hexcore mesh - velocity field at 20 [m] 

Figure 13. Hexcore mesh - velocity field at outlet

Figure 9. Hexcore mesh - velocity field at 15 [m] 

Figure 11. Hexcore mesh - velocity field at 20 [m]

Type of mesh Hexcore Poly-Hexcore

Average velocity in the 
computational domain

3.03 [m/s] 3.02 [m/s]

Average velocity in 15 [m] 2.80 2.79

Average velocity in 20 [m] 3.03 3.02

Average velocity in outlet 3.23 3.23

Computation time 5h (on 32 core processor) 4h (on 32 core processor)

Two test mesh models were developed in Ansys Fluent 2021r1 software. The meshes are
shown in Figures 3, 4, 5, 6. The meshes are based on a surface mesh with the same
parameters. However, the way they are made in volume is significantly different. Table 1.
shows the parameters of the Hexa and Poly meshes . The Hexcore mesh is built from twice
the number of elements compared to the Poly-Hexcore mesh. In addition, the preparation
time of Poly-mesh is shorter by 40 percent compared with Hexa-mesh [3].

Figure 3. Hexcore mesh Figure 4. Poly-Hexcore mesh

Figure 5. Hexcore mesh - cross-section 

Figure 8. Poly-Hexcore mesh - view of boundary elementsFigure 7. Hexcore mesh - view of boundary elements

Table 2. Simulation results for Hexcore and Poly-Hexcore mesh type. 

A k-omega SST turbulence model was applied for a simulation with an air velocity of 3 m/s
set. The results are presented in Table 2 and Figures 9-13. Very similar results were
obtained by utilization of Hexcore and Poly-Hexcore meshes. The difference in average air
velocity values in the domain is very small and can be treated as a measurement error.
Similar results of the velocity field were also obtained in cross-sections at each of the
considered stages of the excavation length. The simulation results show that these meshes
allow simulations to be performed with similar accuracy. However, the Poly-Hexcore type
mesh allows the results to be obtained in a shorter computation time. Utilization of a more
modern type of mesh makes work more dynamic, which is of particular importance when
conducting numerical simulations of air distribution in large and complex computational
domains.
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Type of mesh Hexcore Poly-Hexcore

Number of elements 11625040 5606780

Elements size 2∙10-2 - 2.5 ∙10-1 [m] 2∙10-2 - 2.5 ∙10-1 [m] 

Boundary layer thickness 2.7∙10-2 [m] 2.7∙10-2 [m] 

First layer 6.8∙10-4 [m] 6.8∙10-4 [m] 

Number of prism layers 12 12

Orthogonal Quality (minimum quality) 0.32 0.38

Skewness  (maximum quality) 0.68 0.70

Preparation time 10h (on 8 core processor) 6h (on 8 core processor)

Table 1. Comparison of mesh parameters and preparation time. 

Acknowledgements

This activity received funding from the European Institute of Innovation and Technology
(EIT), a body of the European Union, under the Horizon 2020, the EU Framework
Programme for Research and Innovation. This work was supported by EIT RawMaterials
GmbH under Framework Partnership Agreement No. 21119 (V0T3D: Ventilation
Optimizing Technology based on 3D-scanning). The project is co-financed by the Polish
Ministry of Education and Science within the framework of the program titled
International Co-Financed Projects.

Figure 6. Poly-Hexcore mesh - cross-section 
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