Application of Thermovison Measuring and Numerical Analysis of Fluid Field in the Heated Room
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Abstract 

Research activities within thermal-technical behaviour of buildings focus at present to the reduction of heat losses in buildings and to the efficiency increase of energy utilization when supplying heat energy at simultaneous retaining or improving microclimate conditions of internal environment. Windows in building structures are sensitive structural elements through which the greatest proportion of heat losses from rooms is realized. Hot air coming from the heat source – radiator which is placed under the window, keeps flowing along their internal surface. Windows from the internal side of a room become an area where the surface condensation of water vapours occurs under the unfavourable conditions. Condensation occurrence cannot always be eliminated sufficiently as hot air usually does not flow along the window surface continuously along the whole height. Moreover, at present the scientific literature mentions behaviour related to cooling of outside surfaces of building structures due to radiation against the open clear atmosphere. Most of the above mentioned phenomena have also negative impact to material degradation.

For exact solution of structural arrangements for a specific window structure during eventual reconstruction of a building, geometry alterations or insulation of window lining, neither usual extent of knowledge nor simplified computing assumptions will be sufficient. It appears practical to use such a model which adequately uses the apparatus of mutual interactions of running processes. Very good utility properties of modern windows could be fully utilized only if there an assumption exists for their utilization with respect to the geometry and composition of lining, window sill or head jamb.

The objective of this article is to define temperature, velocity and pressure fields in a room heated by central heating body placed under the window using the  numerical analysis and to compare the computed temperatures on the inside window surface with experimental measurements obtained by thermovision camera. The methodology of the simulation model development for the coupled fluid and temperature fields is presented and applied for the specific case of two-dimensional problem of air flow in a heated room. The numerical simulation of the fluid and temperature fields was performed using the FEM program code ANSYS-Flotran. The experimental temperature measurements were carried out by the thermovision camera of FLIR type E4.

The image of the inside surface of the window from thermovision camera is displayed in Fig. 1a. In the Fig. 1b, the measured and computed temperatures along the height of the window (Line LI01) are compared. As it follows from this figure, a good agreement of experimental results and computed temperatures were achieved.
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Finally, it can be concluded that assuming the use of adequate methodology of the simulation model development and solution, the numerical simulation of fluid and temperature fields can provide results corresponding very closely to the real values of single physical parameters. Furthermore, numerical analysis enables to investigate the physical processes and phenomena in the mutual relationships what contributes to their deeper understanding.
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Fig. 1  a) Image of the inside surface of the window from the thermovision camera, b) comparison of the measured and calculated temperatures [°C] along line LI01
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