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Introduction 
Every year millions of people visit the works of art placed in museums, which aren’t the safest 

place to protect cultural heritages from air pollutants. 

 

 

The use of air curtains may often represent a protection for the cultural heritage without 

operating on the material of the objects, and without limiting the perception of the work of 

art1. The aim of this work consists in the characterisation of this device widely used in industry, 

but not frequently adopted yet in the field of conservation of works of art. As a matter of fact 

the employment of air curtain to segregate pollutants diffusion near the sources for fire 

prevention is actually more and more diffused in industry buildings [1,2,3,4,5,6,7,8]. Their 

success is due to the peculiarity to separate zones without fixed barriers which should interfere 

with people and equipments. The application of air flows in museum deals with the problem  to 

separate visitors and objects in order to protect the latter from pollutants.  

When the device is installed near the object to protect, this represents a “direct protection 

method”, and a study of this kind of system is on to go in the air distribution system of the 

                                                 
1 “this is why, the first step to be considered, will be not on the material of the object directly, but simply oriented to reach the 
necessary conditions for asserting it within the space of existence” “teoria del restauro”, Cesare Brandi 
 

 
 
 

Fig. 1 - A proposal for direct protection method against visitors pollutant 



Galleria dell’Accademia in Firenze where Michelangelo’s David and other masterpieces are 

placed in (Fig. 1)[9]. 

When a decontamination treatment of the visitors is provided, by means of an air curtain 

system able to remove at the entrance of the people most of their potentially dangerous 

pollutants, an “indirect protection method” is defined. An ongoing research of the latter is 

presently studied in the Museum of the Rocca di Vignola (Modena) to remove pollutants from 

visitors of the fresco painted chapel2. 

Modelling related problems to mesh statue and museum environment 

The first step deals with the modelling related problems of a volume mesh representing the 

space where the statue is placed, to simulate the existing fluidodynamic regime. The model of 

the air distribution system, allows to characterize the risk zones in the surrounding 

environment of the statue, where air pollutants may concentrate. Once the fluidodynamic 

regime is characterized, a study of the available solutions to protect the statue can be finally 

settled up. Examples of such a procedure have already been presented [10][11]. 

Different modifies of the existing air distribution system, mapping several air curtain 

configurations, are tested with the CFD code to evaluate the solution to the dust deposition 

problem on the statue surface. 

The modelling step of these research, starts with the preprocessig of the cloud of points of the 

David surface that is obtained with reverse engineering technique [9]. The starting density of 

this points cloud (Fig. 2), with distance between points of less than 2.5 mm, is too high to be 

adopted as a boundary for the complete model of the museum which has a nave 38 m long. 

Improvement of density of the cloud of points as high as possible, according with the museum 

dimensions and calculation facilities has been carried out. Being the number of cells of the 

                                                 
2 “Progettazione impiantistica e rilievi microclimatici per la conservazione degli affreschi della Cappella di Uguccione 
Contrari, castello di Vignola, Fondazione Cassa di Risparmio di Vignola. 

Fig. 2 - The cloud of point 



volume mesh in the first layer that cover the statue about three times the number cells placed 

on the boundary surface, the final distance between points of the statue, after the filtering 

treatment, has been chosen of 40mm. 

Once obtained the right density, the surface of the statue is created using the tassellating 

command to cover the greatest part of the cloud of point, while the remaining holes in the 

surface are closed manually (see Fig.3) [12]. 

The complete surface of the statue can be exported from the tessellating software to the 

preprocessing software Gambit® in order to create out of it the museum environment model 

At this step the topology of the surface imported (as an Stl file) presents a relationship 

between points, edge and cells often not correct. It may occur, for example, that a point 

belongs to the end of an edge without being a part of the cell, or that two bounding cells 

haven’t the same edge. These topology problems don’t allow the creation of the final volume 

mesh. And they may be corrected efficiently out of the pre-processor software Gambit®. 

 

 

 

 

 

 

If a correct statue surface topology is obtained, an environmental model have to be built 

starting from the irregular edge of the statue at its base.  

The points of the edge of the statue don’t belong to an horizontal plane (Fig. 4), being difficult 

to link it to the regular geometry of the base of the statue. These two edges can be connected 

only by a manually built ring, taking care to its topology (see Fig.5). 

Once the statue is linked to the base, all the boundary museum surfaces can be created to 

obtain a complete volume of indoor air envinronment. 

Before to start the creating process of the volume mesh, adopting the opportune size function, 

it’s important to check the characteristic of the surfaces mesh: triangles that arrange the mesh  

Fig.3 - The cloud of points tassellated contains holes  

that have to be manually filled 
Fig. 4 - The irregular edge of the mesh surface



 

have to be as similar as possible to the equilateral, maintaining a gradually changing size.  

 

Aspect ratio, equiangle skew and equisize skew, allow to check the characteristics of the mesh 

surfaces. 

The aspect ratio for triangular and tetrahedral elements QAR  is defined as [13]: 

 

 

 

where f is a scaling factor, and r and R represent the radii of the circles (for triangular 

elements) or spheres (for tetrahedral elements) that inscribe and circumscribe, respectively, 

the mesh element. For triangular elements,f=1/2; for tetrahedral elements,f=1/3. 

 

By definition QAR≥1, being  QAR=1 in the case of equilateral element.  

 

The equiangle skew QEAS is a normalized measure of skewness (Fig. 6) that is defined as 

follows:  

 

where θmax and θmin are the maximum and minimum angles (in degrees) between the edges of 

the element, and θeq is the characteristic angle corresponding to an equilateral cell of similar 

form. For triangular and tetrahedral elements,  θeq=60° 

 

Fig.5 - The surface mesh statue is manually linked to the base 



By definition: 0≤QEAS≤1, where QEAS=0 describes an equilateral element, and QEAS=1 describes 

a completely degenerate (poorly shaped) element.  

The verifications that meshes contain elements that possess average  QEAS values of 0.1 (2-D) 

and 0.4 (3-D) has been performed.  

 

The equisize skew (QEVS) is a measure of skewness that is defined as follows: 

 

 

 

where S is the area (2-D) or volume (3-D) of the mesh element, and Seq is the maximum area 

(2-D) or volume (3-D) of an equilateral cell the circumscribing radius of which is identical to 

that of the mesh element. 

 

By definition: 0≤QEVS≤1 where QEVS=0 describes an equilateral element, and QEVS=1 describes 

a completely degenerate (poorly shaped) element.  

High-quality meshes contains elements that possess average QEVS values of 0.1 (2-D) and 0.4 

(3-D). 

These features can be checked with an inquiry command of Gambit® software, which displays 

only those mesh elements which have the above reported geometric parameters within 

specified limits respecting a designated quality criterion. It’s also possible to display the single 

worst element in the mesh based on the currently selected criterion to detect critical area for 

the mesh processing of the surfaces. 

Fig. 6 - A sliding plane with the quality of the mesh associating a value of the skewness to the color displayed 



When a closed boundary mesh surface, that respect the quality criterions, is created, the 

volume mesh processing can be started, adopting, in this particular case, a tetrahedral mesh. 

Also the volume mesh has to be regular as the surface one, as a matter of fact may occur that 

from a regular boundary surface mesh, an irregular volume mesh is obtained. Testing different 

mesh sizes, and different size functions a controlled volume mesh created. A low size of the 

tetrahedral mesh is chosen near the statue, rising far away from it, in order to have a more 

accurate solution of the fluid dynamic problem near the statue (Fig.7). 

 

CFD further development 
Once the model is completed, the CFD code can be applied to simulate the existing 

fluidodynamic regime in the indoor environment of the museum, in order to evaluate the risk 

zones and relationships between the pollutants sources and the object to protect. A steady 

state is chosen to map the velocity and pressure field near the statue neglecting convective 

and irradiation phenomena, not relevant in the nearness of the statue where the air 

distribution system outlets are placed. 
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