2016
®

1 ,2

*, *+,5# $

#

%& # '(

MODELLING PHYSICAL MATERIAL PROPERTIES USING THE SOFTWARE COMSOL
MULTIPHYSIC
KLICMANOVÁ Iveta1, TICHÁ Petra1
1

VUT - Czech Technical University in Prague, Czech Republic, EU

Abstract
Civil Engineering is a sector that moves within the macroscale. The use of Nanotextile requires
an understanding of various phenomena on a basic level, i.e. in the micro and nano-scale. If we move
in the macrocosm is the possible influence of some forces to neglect. However, the negligence for nanotextile
is not possible. Software, which are used for calculations of diffusion properties of building materials do not
provide for modelling the properties of membranes nanotextiles satisfactory results. The probable cause is
negligence complex internal structure of these materials. Modelling of physical and chemical properties of
nano-membranes is important for their successful use in various technological fields, including construction.
As a suitable software seems Comsol MultiPhysic, since it is possible to model multiphysics happening, i.e.
that can be added to the modelling include the forces acting on the micro and nano level (for example van der
Waals forces). It is also possible to record the program structure and will create a pre e.g. in a text editor or
AutoCAD and assign the material parameters.
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1.

INTRODUCTION

Civil Engineering is a field that so far the use of nanotechnology rather conservatively. In the present
nanotechnology is used primarily as nanoparticles, which are scattered in various paint or spray compositions
[1]. Nano is used in present are e.g. as filters [2, 3] Protective layer [4], fittings [5]. For use of Nanotextiles in
the construction industry, it is essential to know their properties and interactions with the environment.
Nanotextiles is a material which has a very high porosity. This property is an obstacle to the use of standard
macroscopic models [6]. To create a successful model, it is necessary to establish the structure nanotextile [7,
8, 9]. After determining the structure is another important step in understanding the interactions between
environment and nanofibers. Interaction is obviously derived from the problem. The resulting properties of
nano should thus be determined as a numerical solution of the corresponding 3D model.

2.

MODELLING IN COMSOL MULTIPHYSIC

The best program for modelling the properties of nanotextiles seems to be the program Comsol Multiphysic.
The program enables the modelling of various physical phenomena. The program serves not only for modelling
but also for simulation tasks in many fields of physics (e.g. Engineering, transport of moisture and heat or
chemicals). Tasks are described by differential equations of first and second order. For solving individual tasks,
the program uses the finite element method. The big advantage is less time-consuming to solve physical
problems. Indisputable advantage of this program is the clarity of the model where desktop we have a preview
of the model and the process of creating the model. The program uses COMSOL MultiPhysic a clear tree
structure.
Before modelling is necessary to accurately specify the problem, i.e. to describe the phenomenon studied
using concepts that correspond to the selected computer modelling technique. The model can be defined using
particle technique (microscopic level), continuous modelling (macroscopic level), or a combination of the
previous two techniques. If the specified problem is to create the model. When creating a model, there are
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different simplification, because we do not know all the properties studied phenomenon. In this section it is
necessary to pay attention to the possibility of a bad model formulation. The next step is solving the problem
itself, which is usually solved system of ordinary and partial differential equations. The final step is to compare
modelling results with experimental data. [10]
If the procedure defined in the previous paragraph for modelling in Comsol Multiphysic can be modelling the
program to summarise in a few basic steps. The first step is to create a geometry that can be created using
CAD Woe For example, in a graphics editor or read formats VRML and STL, 2D files in DXF format and 3D
files in NASTRAN. The second step is to enter the property. This step, defines the initial and boundary
conditions, i.e. they are assigned to individual areas, surfaces, edges and points variables, expressions or
corresponding functions. In this section, we can use the library, where there are predefined materials. The
third step is defining the network, which is the basis for the finite element method. The fourth step is solving
the model itself. The role is a possible solution COMSOL graphical interface or the command line MATLAB.
The last step is processing the results, which can be calculated using different variables to show graphs. The
results can be processed graphically or animate formats into AVI or GIF. Solutions can also be exported to
text files. [11]

2.1.

The practical demonstration

The sample is created in 2D space. The model consists of lines formed
from polystyrene and the air gaps with a square structure (Figure 1). Foam
was chosen because it is one of potential materials for the manufacture of
nanotextiles usable in construction. Polystyrene is a very good insulator.
The demonstration model the linear progression temperatures this
structure.
In the processing example first selects the physical environment. In the
menu is set space in which will be modelled (in our case 2D) and the
application mode, which is in this case the transport of heat. It is also
necessary to set up whether the case is stationary or non-stationary. In
this case will be used stationary calculation. Further parameters are set,
i.e. the dimensions of individual segments (Figure 1), and at the same
time, the value of individual constants. In this case it is necessary to define
the dependence of the equivalent thermal conductivity on the thickness,
which will allow any change in the dimensions of the air cavities is
automatically changed and thermal conductivity of the air cavity
temperature (Table 1). Since there is only a table of specific values, this
is a function of the interpolation. It is also necessary to choose how
the function will behave if it comes out of the defined values. In this case
will have a linear approximation.

Figure 1 The schema of the
problem

Table 1 The equivalent thermal conductivity depending on the thickness of the air gap [12]
Air layer thickness [mm]
The equivalent thermal conductivity [W/mK]

5

10

50

300

0.045

0.067

0.313

1.88

The next step is to define the geometry according to the specified example and choice of materials. COMSOL
MultiPhysic program includes a library of materials. It is therefore possible to select the material from the library
or define a new one. For this example was chosen polystyrene, which was in the library of materials. After
entering the geometry and materials is defined way to spread heat. It spreads when heat is only one way (in
this sample leadership) you should not need to modify the default settings. Characteristics required to calculate
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Figure 3 The resulting temperature curve (on the right with the
isotherms)
Figure 2 The finite element
mesh
the heat conduction to take on the assignment of materials. Now it is necessary to set the boundary conditions.
At the beginning, all boundaries assume adiabatic conditions. These conditions need to be changed at borders
that are exposed to known conditions. In this example, is defined inner (20 °C) and outdoor (10 °C), which is
governed by Newton boundary condition. The last step is necessary to create a finite element mesh, which will
be used for this demonstration predefined styles (Figure 2). Now we can proceed to the actual calculation.
The calculation results can be displayed using different graphs (Figure 3) or generate the calculated values
to the table.

3.

CONCLUSION

COMSOL MultiPhysic program can be a very good tool in solving various physical phenomena that take place
in nanotextiles. First, it is necessary to analyze the problem, determine the basic physical interactions studied
phenomena and then choose the appropriate mathematical model for the phenomenon. The results also
depend on the selected geometry of the material structure. Effect of structure on the properties
of the nanotextiles can be performed using various simulations using numerical methods. Examples of such
structures include computations involving chaotic network of lines and multi-layer systems.
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