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Perché abbiamo bisogno di una griglia?

• La griglia: 
– Identifica le celle o gli elementi in cui risolvere le equazioni di 
conservazione 
– E’ una rappresentazione discreta della geometria e del 
problema 
– Ci consente di applicare le condizioni al contorno 

• La griglia ha un impatto considerevole su: 
– Accuratezza della soluzione 
– Velocità di convergenza (o anche mancanza di convergenza) 
– Tempo di calcolo 

• È necessaria una buona mesh per arrivare a una buona soluzione  
– Densità di elementi 
– Rapporto lunghezza/volume di celle adiacenti 
– Skewness. 
– Tipo di celle (Tet vs. hex) 
– Boundary layer mesh. 
– Mesh refinement through adaption.



• La geometria e’ il punto di partenza di qualunque problema 
• Può consistere in volumi, faces (superfici), edges (curve) e 
vertices (punti).

Geometria



• La geometria è il punto di partenza di qualunque problema 
• Può consistere in volumi, superfici, curve e punti.

Geometria

può essere semplice … o complessa



Tipi di celle
Esistono molti diversi tipi di celle/elementi. La scelta dipende 
dal problema e dalle caratteristiche del solutore
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Typical cell shapes
• Many different cell/element and grid types are available. Choice

depends on the problem and the solver capabilities.
• Cell or element types:

– 2D:

– 3D:

triangle 
(“tri”)

2D prism 
(quadrilateral 
or “quad”)

tetrahedron
(“tet”)

pyramid

prism with 
quadrilateral base
(hexahedron or “hex”)

prism with 
triangular base 
(wedge)

arbitrary polyhedron



Un po’ di terminologia
Cella (cell)  = Volume di controllo in cui suddividiamo il dominio
Nodo (node) = punto della griglia
Centro cella (cell centre) = Centro della cella
Spigolo (edge) = contorno (boundary)di una faccia
Faccia (face) = contorno (boundary) di una cella
Zona (zone) = gruppo di nodi, facce e celle
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node

face

cell

face cell

node

edge

2D computational grid

3D computational grid

cell 
center

Terminology
• Cell = control volume into which 

domain is broken up.
• Node = grid point.
• Cell center = center of a cell.
• Edge = boundary of a face.
• Face = boundary of a cell.
• Zone = grouping of nodes, faces, 

and cells:
– Wall boundary zone.
– Fluid cell zone.

• Domain = group of node, face 
and cell zones.
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node

face

cell

face cell

node

edge

2D computational grid

3D computational grid

cell 
center

Terminology
• Cell = control volume into which 

domain is broken up.
• Node = grid point.
• Cell center = center of a cell.
• Edge = boundary of a face.
• Face = boundary of a cell.
• Zone = grouping of nodes, faces, 

and cells:
– Wall boundary zone.
– Fluid cell zone.

• Domain = group of node, face 
and cell zones.



Tipi di griglia
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 (a) Algebraic 
 
 
 
 
 
 
 
 
 
(b) Differential 

Algebraic and differential equation 
generated grids 

Griglie strutturate (blocco singolo)
• Ogni cella e’ identificata da una terna (i,j,k)
• Le linee griglia devono attraversare tutto il dominio 
• Chiaramente le griglie strutturate possono essere utilizzate solo per geometrie 

semplici
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Tipi di griglia
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Grid types: structured grid
• Single-block, structured grid.

– i,j,k indexing to locate neighboring cells.
– Grid lines must pass all through domain.

• Obviously can’t be used for very complicated geometries.
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Grid types: structured grid
• Single-block, structured grid.

– i,j,k indexing to locate neighboring cells.
– Grid lines must pass all through domain.

• Obviously can’t be used for very complicated geometries.
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Typical curvilinear grid forms 

‘O’ grid 
 
 
 ‘C’ Grid  
 
 
 
‘H’ Grid  

Tipi di griglia

O grid

C grid

H grid
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Typical curvilinear grid forms 
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Griglie strutturate (multi-blocco)
• Ogni cella e’ identificata da una terna i,j,k all’interno di ogni blocco
• I blocchi possono essere connessi in modo arbitrario (o quasi)
• Sono più flessibili delle griglie strutturate a singolo blocco, ma presentano delle 

limitazioni

Tipi di griglia
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Griglie strutturate (multi-blocco)
• Ogni cella e’ identificata da una terna i,j,k all’interno di ogni blocco
• I blocchi possono essere connessi in modo arbitrario (o quasi)
• Sono più flessibili delle griglie strutturate a singolo blocco, ma presentano delle 

limitazioni

Tipi di griglia
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(a)               (b) ! !!

(a) basic curvilinear mesh and 
(b) overset or Chimera mesh 

Meshing for wing-flap geometry 

airfoil with flap



Tipi di griglia

airfoil with flap and slats
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Typical curvilinear mesh for a wing-slat-
flap configuration 

Griglie strutturate (multi-blocco)

10 

Typical curvilinear mesh for a wing-slat-
flap configuration 

10 

Typical curvilinear mesh for a wing-slat-
flap configuration 



Griglie non-strutturate
• Le celle sono organizzate in modo arbitrario (non e’ definita da una terna 

(i,j,k) e non ci sono limiti nel modo in cui le celle sono organizzate
• E’ presente un incremento della richiesta di memoria e di tempo di 

calcolo per griglie non strutturate (memory and CPU overheads) 

Tipi di griglia
    

December 2, 1996 16:42 Annual Reviews Chapter14 AR23-14

484 MAVRIPLIS

Figure 6 Illustration of the advancing-layers method for three-dimensional unstructured mesh
generation about segmented wing geometry. [Reproduced from Pirzadeh 1994b with permission.]
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Griglie non-strutturate
• Le celle sono organizzate in modo arbitrario (non e’ definita da una terna 

(i,j,k) e non ci sono limiti nel modo in cui le celle sono organizzate
• E’ presente un incremento della richiesta di memoria e di tempo di 

calcolo per griglie non strutturate (memory and CPU overheads) 

Tipi di griglia
    

December 2, 1996 16:42 Annual Reviews Chapter14 AR23-14

506 MAVRIPLIS

Figure 12 Two coarse agglomerated levels from the sequence of levels employed by the
agglomeration-multigrid method for the computation of transonic flow over an aircraft config-
uration.
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Griglie non-strutturate
• Le celle sono organizzate in modo arbitrario (non e’ definita da una terna 

(i,j,k) e non ci sono limiti nel modo in cui le celle sono organizzate
• E’ presente un incremento della richiesta di memoria e di tempo di 

calcolo per griglie non strutturate (memory and CPU overheads) 

Tipi di griglia

octree mesh (3D)
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 Aircraft landing gear 

Unstructured, octree based, Cartesian 
grid examples 



Griglie ibride
• Combinano tipi di celle diverse a seconda della necessità (le più 

appropriate)
• triangoli e quadrilateri in 2D
• tetraedri, prismi e piramidi in 3D

Tipi di griglia

12 

 

Hybrid grid example (from Smith (1996)) 

quads + tri (2D)
15

Grid types: hybrid
• Hybrid grid.

– Use the most appropriate cell type in any combination.
• Triangles and quadrilaterals in 2D.
• Tetrahedra, prisms and pyramids in 3D.

– Can be non-conformal: grids lines don’t need to match at block 
boundaries. 

triangular surface mesh 
on car body is quick and 
easy to create

prism layer 
efficiently resolves 
boundary layer

tetrahedral 
volume mesh 
is generated 
automatically

non-conformal 
interface

prisms + tets (3D)



Griglie ibride
• Combinano tipi di celle diverse a seconda della necessita’ (le più 

appropriate)
• triangoli e quadrilateri in 2D
• tetraedri, prismi e piramidi in 3D

Tipi di griglia

prisms + tets (3D)
18

• Parametric study of complex 
geometries.

• Nonconformal capability allows 
you to replace portion of mesh 
being changed.

• Start from 3D boundary mesh or 
volume mesh.

• Add or replace certain parts of 
mesh.

• Remesh volume if necessary. 

Nonconformal mesh 
for a valve port

nonconformal 
interface

Nonconformal mesh

non-conformal
 interface



Riepilogo
Topologia
• Griglia strutturata (structured mesh): la griglia e’ formata da celle che possono essere identificate da una terna (i,j,k)
• Griglia non-strutturata (unstructured mesh): non c’e’ regolarità
• Multi-blocco (multiblock): la griglia e’ formata da più di un blocco, ognuno dei quali può essere strutturato o non-

strutturato. 
19 

Tipo di celle
• Triangolari (tri-mesh)
• Quadrilateri (quad-mesh)
• Esaedri (hex-mesh)
• Tetraedri (tet-mesh)
• Prismi, piramidi (prisms, pyramids)
• Griglia ibrida 

• tri e quad in 2D
• tets, prisms and hex in 3D
• boundary layer mesh (prisms in BL, tets outside)

• Griglia poliedrica (polyhedral mesh)
• Griglia non-conforme (non-conformal mesh): i nodi della griglia non combaciano su un interfaccia



• A parità di numero di celle, griglie esaedriche forniscono in generale 
soluzioni più accurate, specialmente se le linee della griglia sono 
allineate con il flusso

• La densità della mesh deve essere abbastanza elevata da catturare le 
caratteristiche importanti del flusso

• La griglia in vicinanza delle pareti deve essere abbastanza fine da 
risolvere lo strato limite (se necessario). Nello strato limite, quadrilateri 
(quads), esaedri (hex) e prism (prisms) sono preferibili rispetto a 
triangoli (tris), tetraedri (tets) e piramidi (pyramids)

• Tre misure della qualità di una griglia
• SKEWNESS
• SMOTHNESS
• ASPECT RATIO

Qualità di una griglia



SKEWNESS
Dà una misura della deviazione di una cella da una cella “ideale”

1) per tri/tets

2) per quads/hexs 

24

• Two methods for determining 
skewness:
1.  Based on the equilateral 

volume:
• Skewness =

• Applies only to triangles and 
tetrahedra.

• Default method for tris and tets.

2.  Based on the deviation from a 
normalized equilateral angle:

• Skewness (for a quad) = 

• Applies to all cell and face 
shapes.

• Always used for prisms and 
pyramids.

max max minθ θ− −





90
90

90
90

,

minθ

maxθ
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actual cell
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optimal cell size

−

Mesh quality: skewness

s=max
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SKEWNESS
Dà una misura della deviazione di una cella da una cella “ideale”

3) metodo generale
• Common measure of quality is based on equiangle skew.
• Definition of equiangle skew:

where:
– θmax = largest angle in face or cell.
– θmin = smallest angle in face or cell.
– θe = angle for equiangular face or cell.

• e.g., 60 for triangle, 90 for square.
• Range of skewness:
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Equiangle skewness
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• Common measure of quality is based on equiangle skew.
• Definition of equiangle skew:

where:
– θmax = largest angle in face or cell.
– θmin = smallest angle in face or cell.
– θe = angle for equiangular face or cell.

• e.g., 60 for triangle, 90 for square.
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angolo ottimale in una faccia o cella 
 (60 deg per triangolo, 90 deg per quadrilatero)

0
best

1
worst

quality

Qualità di una griglia



SMOOTHNESS
Dà una misura della variazione di dimensione tra celle adiacenti (deve 
essere graduale) 

variazione graduale  
di dimensione

variazione rapida  
di dimensione

Qualità di una griglia



Qualità di una griglia
ASPECT RATIO
Rapporto tra la lunghezza spigolo (edge) più lungo e quella dello spigolo 
più corto

ASPECT RATIO 1 ASPECT RATIO >>1



Qualità di una griglia
LINEE GUIDA

- skewness < 0.9
- rapporto dimensione celle adiacenti < 1.2
- aspect ratio vicino a uno in situazioni di fluido multi-dimensionale 

(nessuna direzione preferenziale), aspect ratio sensibilmente 
maggiori possono essere utilizzati in problemi essenzialmente 
monodimensionali

28

inadequate betterflow

OK!

Grid design guidelines: resolution
• Pertinent flow features should be adequately resolved.

• Cell aspect ratio (width/height) should be near one where flow is 
multi-dimensional.

• Quad/hex cells can be stretched where flow is fully-developed 
and essentially one-dimensional.

Flow Direction

SINO

esempio: strato limite (boundary layer)



Qualità di una griglia
LINEE GUIDA

- Un numero maggiore di celle aumenta l’accuratezza della soluzione, 
ma allo stesso tempo aumenta i tempi di calcolo. 

- Le celle non devono essere “sprecate” in zone del fluido poco 
importanti, ma addensate nelle zone di interesse (strato limite, zone 
di rapida variazione delle grandezze fluidodinamiche)

- La griglia (e quindi la soluzione) può essere rifinita aumentando la 
densità di celle nelle zone di interesse (grid adaption)

31

Solution adaption
• How do you ensure adequate grid resolution, when you don’t 

necessarily know the flow features? Solution-based grid adaption!
• The grid can be refined or coarsened by the solver based on the 

developing flow:
– Solution values.
– Gradients.
– Along a boundary.
– Inside a certain region.

33

Adaption example: final grid and solution

2D planar shell - contours of pressure 
final grid

2D planar shell - final grid

GRID  
ADAPTION



Conclusioni

Una griglia di qualità rappresenta il primo (essenziale) 
passo per una simulazione numerica (fluidodinamica) 
soddisfacente 



Extra

Le prossime pagine sono estratte dal manuale di Fluent. 
Contengono definizioni e linee guida importanti per la 
creazione di una griglia soddisfacente. 



17/04/15 12:48FLUENT 6.3 User's Guide - 6.2.2 Mesh Quality

Page 1 of 4https://www.sharcnet.ca/Software/Fluent6/html/ug/node155.htm

6.2.2 Mesh Quality
The quality of the mesh plays a significant role in the accuracy and stability of the numerical computation.
The attributes associated with mesh quality are node point distribution, smoothness, and skewness.

Regardless of the type of mesh used in your domain, checking the quality of your grid is essential.
Depending on the cell types in the mesh (tetrahedral, hexahedral, polyhedral, etc.), different quality
criteria are evaluated:

Cell squish on all meshes (Section  30.4).

Cell equivolume skew on tri/tet elements (Section  30.4).

Face squish on polyhedral meshes (Section  30.4).

"Aspect ratio" on all meshes.

The "aspect ratio" is a measure of the stretching of a cell, and is defined as the ratio of the maximum
distance between the cell centroid and face centroids to the minimum distance between the nodes of the
cell (see Figure  6.2.2). If the quality of your grid is questionable, then a warning will appear in the
console noting the problems FLUENT has detected with your mesh. The warnings that you see use rules
of thumb and although it is a warning, you may still be able to run the case successfully.
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Regardless of the type of mesh used in your domain, checking the quality of your grid is essential.
Depending on the cell types in the mesh (tetrahedral, hexahedral, polyhedral, etc.), different quality
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Che cos’è la qualità di una griglia per Ansys?
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Cell Info...   includes quantities that identify the cell and its relationship to other cells.

Cell Partition    (in the Cell Info... category) is an integer identifier designating the partition to which a
particular cell belongs. In problems in which the grid is divided into multiple partitions to be solved on
multiple processors using the parallel version of FLUENT, the partition ID can be used to determine the
extent of the various groups of cells.

Cell Refine Level    (in the Adaption... category) is an integer that indicates the number of times a cell
has been subdivided in the hanging node adaption process, compared with the original grid. For example,
if one quad cell is split into four quads, the Cell Refine Level for each of the four new quads will be 1. If
the resulting four quads are split again, the Cell Refine Level for each of the resulting 16 quads will be 2.

Cell Reynolds Number    (in the Velocity... category) is the value of the Reynolds number in a cell.
(Reynolds number is a dimensionless parameter that is the ratio of inertia forces to viscous forces.) Cell
Reynolds Number is defined as

(30.4-5)

where  is density,  is velocity magnitude,  is the effective viscosity (laminar plus turbulent), and 

is Cell Volume  for 2D cases and Cell Volume  in 3D or axisymmetric cases.

Cell Squish Index    (in the Grid... category) is a measure of the quality of a mesh, and is calculated from
the dot products of each vector pointing from the centroid of a cell toward the center of each of its faces,
and the corresponding face area vector as

(30.4-6)

Therefore, the worst cells will have a Cell Squish Index close to 1.

Cell Surface Area    (in the Adaption... category) is the total surface area of the cell, and is computed by
summing the area of the faces that compose the cell.

Cell Volume    (in the Grid... category) is the volume of a cell. In 2D the volume is the area of the cell
multiplied by the unit depth. For axisymmetric cases, the cell volume is calculated using a reference depth
of 1 radian. The unit quantity of Cell Volume is volume.

2D Cell Volume    (in the Grid... category) is the two-dimensional volume of a cell in an axisymmetric
computation. For an axisymmetric computation, the 2D cell volume is scaled by the radius. Its unit
quantity is area.

Cell Volume Change    (in the Adaption... category) is the maximum volume ratio of the current cell and
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  triangle       1
  tetrahedron    2
  quadrilateral  3
  hexahedron     4
  pyramid        5
  wedge          6

Cell Equiangle Skew    (in the Grid... category) is a nondimensional parameter calculated using the
normalized angle deviation method, and is defined as

(30.4-3)

where

= largest angle in the face or cell

= smallest angle in the face or cell

= angle for an equiangular face or cell

  (e.g., 60 for a triangle and 90 for a square)

A value of 0 indicates a best case equiangular cell, and a value of 1 indicates a completely degenerate cell.
Degenerate cells (slivers) are characterized by nodes that are nearly coplanar (collinear in 2D). Cell
Equiangle Skew applies to all elements.

Cell Equivolume Skew    (in the Grid... category) is a nondimensional parameter calculated using the
volume deviation method, and is defined as

(30.4-4)

where optimal-cell-size is the size of an equilateral cell with the same circumradius. A value of 0 indicates
a best case equilateral cell and a value of 1 indicates a completely degenerate cell. Degenerate cells
(slivers) are characterized by nodes that are nearly coplanar (collinear in 2D). Cell Equivolume Skew
applies only to triangular and tetrahedral elements.

Cell Id   (in the Cell Info... category) is a unique integer identifier associated with each cell.
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unit quantity for entropy is specific-heat.

Existing Value    (in the Adaption... category) is the value that presently resides in the temporary space
reserved for cell variables (i.e., the last value that you displayed or computed).

Face Handedness    (in the Grid... category) is a parameter that is equal to one in cells that are adjacent
to left-handed faces, and zero elsewhere. It can be used to locate mesh problems.

Face Squish Index    (in the Grid... category) is a measure of the quality of a mesh, and is calculated
from the dot products of each face area vector, and the vector that connects the centroids of the two
adjacent cells as

(30.4-17)

Therefore, the worst cells will have a Face Squish Index close to 1.

Fine Scale Mass Fraction of species-n    (in the Species... category) is the term  in Equation  14.1-

31.

Fine Scale Temperature    (in the Temperature... category) is the temperature of the fine scales, which is
calculated from the enthalpy when the reaction proceeds over the time scale (  in Equation  14.1-30),
governed by the Arrhenius rates of Equation  14.1-8. Its unit quantity is temperature.

Fine Scale Transfer Rate    (in the Species... category) is the transfer rate of the fine scales, which is
equal to the inverse of the time scale (  in Equation  14.1-30). Its unit quantity is time-inverse.

1-Fine Scale Volume Fraction   (in the Species... category) is a function of the fine scale volume fraction
(  in Equation  14.1-29). The quantity is subtracted from unity to make it easier to interpret.

Fvar Prod   (in the Pdf... category) is the production term in the mixture fraction variance equation
solved in the non-premixed combustion model (i.e., the last two terms in Equation  15.2-5).

Fvar2 Prod   (in the Pdf... category) is the production term in the secondary mixture fraction variance
equation solved in the non-premixed combustion model. See Equation  15.2-5.

Gas Constant (R)    (in the Properties... category) is the gas constant of the fluid. Its unit quantity is
specific-heat.

Granular Conductivity    (in the Properties... category) is equivalent to the diffusion coefficient in
Equation  23.5-75. For more information, see Section  23.5.8. Its unit quantity is kg/m-s.

Granular Pressure...   includes quantities for reporting the solids pressure for each granular phase ( 

in Equation  23.5-44). See Section  23.5.5 for details. Its unit quantity is pressure. For multiphase models,
this value corresponds to the selected phase in the Phase drop-down list.
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Figure 6.2.2: Measurements Involved in Calculating the "Aspect Ratio"

To check the quality of your grid, you can use the text command:

grid  quality

A message will be printed to the console. The example below demonstrates the output the text command
yields.

Grid Quality:
Applying quality criteria for triangular/mixed cells.
Maximum cell squish =  4.61001e-01
Maximum cell skewness =  4.48776e-01
Maximum `aspect_ratio' =  5.23830e+00

Node Density and Clustering

Since you are discretely defining a continuous domain, the degree to which the salient features of the flow
(such as shear layers, separated regions, shock waves, boundary layers, and mixing zones) are resolved ,
depends on the density and distribution of nodes in the mesh. In many cases, poor resolution in critical
regions can dramatically alter the flow characteristics. For example, the prediction of separation due to an
adverse pressure gradient depends heavily on the resolution of the boundary layer upstream of the point of
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separation.

Resolution of the boundary layer (i.e., mesh spacing near walls) also plays a significant role in the
accuracy of the computed wall shear stress and heat transfer coefficient . This is particularly true in
laminar flows where the grid adjacent to the wall should obey

(6.2-1)

where = distance to the wall from the adjacent cell centroid

 = free-stream velocity

 = kinematic viscosity of the fluid

 = distance along the wall from the starting point of the boundary layer

Equation  6.2-1 is based upon the Blasius solution for laminar flow over a flat plate at zero incidence [
322].

Proper resolution of the mesh for turbulent flows is also very important. Due to the strong interaction of
the mean flow and turbulence, the numerical results for turbulent flows tend to be more susceptible to grid
dependency than those for laminar flows. In the near-wall region, different mesh resolutions are required
depending on the near-wall model being used. See Section  12.11 for guidelines.

In general, no flow passage should be represented by fewer than 5 cells. Most cases will require many
more cells to adequately resolve the passage. In regions of large gradients, as in shear layers or mixing
zones, the grid should be fine enough to minimize the change in the flow variables from cell to cell.
Unfortunately, it is very difficult to determine the locations of important flow features in advance.
Moreover, the grid resolution in most complicated 3D flow fields will be constrained by CPU time and
computer resource limitations (i.e., memory and disk space). Although accuracy increases with larger
grids, the CPU and memory requirements to compute the solution and postprocess the results also
increase. Solution-adaptive grid refinement can be used to increase and/or decrease grid density based on
the evolving flow field, and thus provides the potential for more economical use of grid points (and hence
reduced time and resource requirements). See Chapter  26 for information on solution adaption.

Smoothness

Truncation error is the difference between the partial derivatives in the governing equations and their
discrete approximations. Rapid changes in cell volume between adjacent cells translate into larger
truncation errors. FLUENT provides the capability to improve the smoothness by refining the mesh based
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on the change in cell volume or the gradient of cell volume. For information on refining the grid based on
change in cell volume. (See Sections  26.4 and  26.8).

Cell Shape

The shape of the cell (including its skewness and aspect ratio) also has a significant impact on the
accuracy of the numerical solution.

Skewness is defined as the difference between the shape of the cell and the shape of an equilateral
cell of equivalent volume. Highly skewed cells can decrease accuracy and destabilize the solution.
For example, optimal quadrilateral meshes will have vertex angles close to 90 degrees, while
triangular meshes should preferably have angles of close to 60 degrees and have all angles less than
90 degrees.

Aspect ratio is a measure of the stretching of the cell. As discussed in Section  6.1.3, for highly
anisotropic flows, extreme aspect ratios may yield accurate results with fewer cells. However, a
general rule of thumb is to avoid aspect ratios in excess of 5:1.

Flow-Field Dependency

The effect of resolution, smoothness, and cell shape on the accuracy and stability of the solution process is
dependent on the flow field being simulated. For example, very skewed cells can be tolerated in benign
flow regions, but can be very damaging in regions with strong flow gradients.

Since the locations of strong flow gradients generally cannot be determined a priori, you should strive to
achieve a high-quality mesh over the entire flow domain.

Previous: 6.2.1 Geometry/Grid Requirements 
Up: 6.2 Grid Requirements and 
Next: 6.3 Grid Import 
© Fluent Inc. 2006-09-20
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